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MATEMATHKA ’KoHE MATEMATHUKAJIbIK MOAE/ILJEY
MATEMATHUKA U MATEMATHYECKOE MOJAE/IMPOBAHUE
MATHEMATICS AND MATHEMATICAL MODELING

IRSTI 28.17.31
10.51889/2959-5894.2024.88.4.001

A.V. Babich-Gaury?, V.V. Babich*

IDHL Finance Services B.V., Maastricht, The Netherlands
2Almaty Branch of the St. Petersburg Humanitarian University of Trade Unions, Almaty,
Kazakhstan
“e-mail: mme_kazgay@mail.ru

ECONOMETRIC MODEL OF FACTORSINFLUENCING THE CHANGE IN COMPANY
CAPITALIZATION

Abstract

The article considers the applied aspect of using econometric analysis methods of time series to assess
factorsthat directly affect the value of acompany. The basic mathematical apparatusis used to test hypotheses
and build econometric models in time series analysis. By determining the factors that affect the level of
capitalization, hypotheses about the significance of these estimates are assessed, and the level of the impact
and consequence on key performance indicators as the company's net revenue is determined. The global
economy demonstrates high inflation rates in the south and western parts of the world. Therefore, the author
identifies the dependence that links the inflation rate and the level of turnover. A regression model of the
relationship between changesin revenue and the level of return on invested capital is considered. Any investor
seeks to increase the company's value, so it isimportant to assess the main factors that affect this value.

K eywor ds: econometric analysis, time series, capitalization, return on invested capital, company value.

A.B. Babuu - 'aypu’, B.B. ba6uu?
'DHL KapsKbUIbIK KBI3METIiHIH GaKbliay KOHE HECHENIK ToyeKesaep, MaacTpuxr K., Humepian bt
2Cankr-IleTepOypr KacinogakTap TyMaHUTAPIILIK YHUBEPCUTETIHIH AMaThl (QUIIHAIIBI,
AnmMarsl K., Kazakcran
KOMITAHUAHBIH KAITUTAJLJAHYBIHBIH O3I'EPICIHE OCEP ETETIH ®AKTOPJIAPIbIH
IKOHOMETPUSAJIBIK MOJEJII

Anoamna

Makarnaia KOMIaHUsl KYHbIHA TiKelel acep eTeTiH (akTopiap/pl Oaranay yIlliH YaKbITTIK KaTapiapIbiH
SKOHOMETPHKAJIBIK Talifiay oIICTepiH KOJIaHYAbIH KOJJAaHOA bl acleKkTiiepi KapacTeipbuiaisl. Herisri
MaTeMaTHKAaJIbIK ammnapaT TMIOoTe3alIapbl TEKCEPy JKOHE YaKbITTHIK KaTapiapbl Tajjayaa KOJAaHbUIATHIH
SKOHOMETPHSIIBIK MOJEIbACPAI Kypy YIIH KOJJaHbUTa[bl. KanmuTanmgaHaelpy JCHIeHiHEe ocep eTeTiH
(hakTOpIapABl AaHBIKTAY apKBUIBI OCHI OaFranayiapAblH MaHbI3ABUIBIFEL Typallbl THIIOTE3aIap OaraiaHabl JKOHE
oJIap/IbIH KOMITAHUSHBIH Ta3a Kipici CHSKTBI HETI3r1 KOPCETKIIIKe acep €Ty JAeHreii anbikTatabl. JKahaHabik
SKOHOMHUKAHBIH Ka3ipri CoTi OHTYCTIKTe ne, OaThicTa aa WHQUIAIUSHBIH JKOFapbl KapKBIHBIH KOPCETEIi.
ConppIKTaH aBTOp MHGIISIINA ACHTell MEH Tayap aifHaIBIMBI JICHTeli apachIHAaFbl OailJIaHbICTHI AHBIKTAMTBL.
TaObICTBIH ©3repyi MEH MHBECTUIMSUIAHFaH KalIMTAJIbIH TaOBICTBUIBIFBI JICHI€H1 apachIiHIarbl OaiIaHBICThIH
perpeccHsIbIK MOICII KapacThIpbliaabl. Ke3 keiareH HHBECTOP KOMITAHUSHBIH KYHBIH apTThIPYFa YMThLIaIbl,
COHJIBIKTAaH OFaH OCBI KYH/IBUTBIKKA 9CEp €TETiH Heri3ri akTopiapabl Oaranay MaHbI3]IbL.

Tyiiin ce3aep: SKOHOMETPUKAJIBIK Tajjiay, YaKbIT KaTapbl, KalMTalJaHAbIPy, HHBECTUIUSIIAHFaH
KalUTaJIbIH KA TapbIMbl, KOMITAHUS KYHBI.
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A.B. Babuu - Taypu?, B.B. ba6uu?
Y®unancossii ceppuc DHL, 1. Maactpuxt, Hunepnanas!
2Anmarunckuii @unuan Cankr-IlerepOyprekoro I'ymanutaproro Yuusepeuteta [Ipodcoro30B,
r.Anmatel, Kazaxcran
IKOHOMETPUYECKAS MOJEJIb ®AKTOPOB, BJIUAIOIINX HA U3BMEHEHUE
KAIIMTAJIM3ALIMNA KOMITIAHUN

Annomayus

B crathe paccmaTpuBaeTCs MPUKIAIHOM aCIEKT MCIOJIb30BAHMS METOIO0B 3KOHOMETPHUECKOIO aHaIu3a
BPEMCHHBIX PSJIOB JUIS OIEHKU (PAaKTOPOB, HANIPSMYIO BIIMSIONIMX HAa CTOMMOCTh KOMIaHuM. Vcnonb3yercs
OCHOBHOW MaTeMaTUYCCKHU ammapar JJis MPOBEPKU THUIOTE3 U MOCTPOCHUS 3KOHOMETPHUYCCKUX MOJCICH,
MPUMEHSIEMBIX B aHAITN3€ BPEMEHHBIX psiioB. Omnpenenss (GakTopbl, BIUSIONINE Ha YPOBEHb KaHTAIN3AIIH,
OIICHUBAIOTCS TUIIOTE3bl O 3HAYMMOCTH 3THUX OLICHOK W ONPEJCNIICTCS YPOBCHb UX BO3JCHCTBUS HA TaKOH
KIIFOUCBOM IIOKa3aTeNib, KaK 4YHCTas BBIpyYKa KOMITAHWMU. TEKyImMii MOMEHT TJI00ANIbHON 3SKOHOMHKHU
JEMOHCTPHPYET BBICOKHE TEMIThI MHQISAIMH, PUCYTCTBYIONIME KaK Ha ore, Tak U 3amaje. [loaTomy aBTop
BBISIBIISICT 3aBHCUMOCTb, CBSA3BIBAIOIIYI0 YPOBEHb UHQISAIMK U YPOBEHb TOBapoobopoTa. PaccmaTpuBaercs
perpeccoHHas MOJIE]b 3aBUCUMOCTH MEXJYy HW3MCHCHHEM BBIPYYKHM W YpPOBHEM BO3BPATHOCTH Ha
WHBECTUPOBAHHBIN KamuTall. JIFo0OM MHBECTOP CTPEMHUTCS HAPACTUTh CTOMMOCTh KOMIIAHHH, MTOITOMY JJIs
HETO BaXKHO OI[CHUBATh OCHOBHBIC (DaKTOPBI, BIUSIONIHE HA 5Ty CTOMMOCTb.

KiroueBbie cjI0Ba: SKOHOMETPUYCCKHI aHAIM3, BPEMCHHBIC PSJIbI, KAallMTAJIM3allks, BO3BPATHOCTh Ha
BIIO’KCHHBIN KalMTaj, CTOUMOCTh KOMIIAaHUH.

Main provisions

Investorsinvest in abusiness, expecting that at acertain point, when thisbusinessis sold, its value
will increase, and the invested capital will enlarge, compensating for the expected risks. This
approach works for al types of investments through investments in bonds, derivatives, and the
purchase of company shares. Such investments can be directed to an M&A transaction. An M&A
transaction is usually described as combining or acquiring companies to obtain strategic advantages,
increase market share, develop new products, and increase the business's market capitalization.

Introduction

An M&A transaction can occur in various ways, including reorganization, purchase of assets,
purchase of shares or shares of companies. In the Russian Federation, in current conditions of the
mass existence of international investorsin the market, the most common way of investing isto invest
in shares or shares of companies [1]. From the point of view of business owners (shareholders), the
benefit of a merger or acquisition is the increase in the capitalization of the newly created company
compared to the capitalization of its components. Such an increase is often called the synergy
effect [2]. To organize an M&A transaction, the net cash flow must be forecasted, and the
capitalization growth must be estimated. Capitalization refers to the valuation of a business, which
can be measured using various methods.

In the current period, when the world is experiencing a financia crisis and the securities market
shows substantial uncertainty, investors prefer to invest in real business, which is not subject to such
intense changes as stock exchange indices. It should be noted that during the 2007-2008 crisis, the
American International Group Index fell by 30%, which caused an increase in equity costs by one
percent [4, p. 19]. A company is assessed to change the level of capitalization.

One of the ways to assess the value of a company is through the assessment of the cost of shares
on the stock market and the number of sharesissued in circulation. Capitalization involvesincreasing
equity capital in the process of business operation. Suppose the company is closed, and its shares are
not listed on the stock market. In that case, capitaization can be measured through the growth of
profit invested in additional capita - newly crested means of production. Also, the level of
capitalization can be measured through the amount of fixed assets and working capital on a specific
date or through the increase in retained earnings for a certain period, often equated to free cash flow.

8
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This article will define the main factors influencing capitalization and provide a synergy effect.
Factors that influence changesin the level of capitalization include:

- Expected revenue growth.

- Growth in net operating profit less adjusted taxes (NOPLAT).

- Expected market share.

- Level of return on invested capital and others.

Expected return on invested capital and revenue growth affect the dynamics of cash inflows from
operating activities. The cost of invested capital and the cash flow from operating activities determine
the company's value. One of the main factors determining the company's value is the volume of
revenue, which should be analyzed in more detail.

Significant factors that influence revenue growth include:

- Increase in profitability provided by changesin prices;

- The structure of products and services in the portfolio and their change per changes in consumer
needs.

- Organic growth due to expansion of the market segment. - Organic growth through market share
growth.

- Inorganic growth through acquisition of this growth (M&A).

Since the company's revenue is one of the key factors influencing the change in capitalization, we
propose to test the hypothesis about the relationship between the inflation rate and the company's
revenue growth. Since the inflation rate is usually atargeted parameter of the macroeconomic policy
of many countries and ismonitored, it is not apparent that the growth of inflation can have afavorable
effect on revenue growth since this contradicts the law of demand for everyday goods. However, as
noted, therisein ail pricesin 1997-2007 led to an average annual growth in revenuein the oil industry
by 13% [4, p. 432].

Such a dependence may occur in certain industries. We want to analyze how the inflation rate
affects the volume of turnover for essential goods. At the current moment of economic devel opment,
all countries are experiencing a significant increase in inflation, which affects revenue change. The
inflation rateisgivenin Table 1 [7].

Table 1. Inflation rate as of 24.07.2024

Countries Inflation (%)
Eurozone 2,6
Germany 2,3
Netherlands 3,7
France 2,3
USA 2,9
Russia 9,1
Turkey 61,8
Kazakhstan 8,6
China 0,5
Uzbekistan 10,5

Resear ch methodology

Hypothesis and model 1

Null hypothesis: Inflation rate and revenue are independent factors.
H,:a =0

Alternative Hypothesis
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The aternative hypothesis is that revenue directly relates to the inflation rate. According to the
law of demand, when prices for a product or service rise, revenue growth in the industry increases,
regardless of the decrease in salesin physical units.

H :a #0
To test the hypothesis, the following model is considered:

Yo=a,+aY, +a,X +s @)

Where

Yi— isthe change in revenuein period t in %;

Y1—isthe changein revenuein period (t-1) in %;

Xt—istheinflation ratein period t.

To test the hypothesis, we use the inflation index in Kazakhstan and the change in revenue from
the FMCG industry as an example. Standard notations are used in international literature; we will
adhere to these notations. The model's results are given below.

The hypothesis test is based on the mechanism of time series analysis. In particular, this method
predicts the value of the next period based on the past and current value. It involves averaging the
data so that the non-systematic components of each case or observation cancel each other out [9]. It
should be noted that for real-time series, autoregressive moving average (ARMA) models are of
primary importance in practice not only because of their modeling capabilities but aso because they
form the core of countlessfurther time series models[10]. Since the sel ected datarepresent adynamic
series, it is necessary to conduct the Dickey-Fuller test to determine the series stationarity. Figure 1
shows a graph of the dependence of revenue and the inflation rate in the Republic of Kazakhstan
using the example of FMCG industry data.

al ]
v I 5 [

V1- Revenue(green); V2 — Inflation (orange)
Figure 1. Dynamics of inflation and revenue in the FMCG industry

We will use time series and econometric models to assess the relationship between the selected
factors. Econometric analysis provides essential information for economic forecasting, policy
assessment, and financial analysis [8]. Anayzing the figure, we can conclude that the series under
consideration are non-stationary since the average values of revenue and inflation change at each
point in time, and the amplitude of fluctuations in revenue and inflation values by periods are
different. We see that the data are not linear. Nonlinear dynamic models of means, variances, and
covariances are regularly estimated in financia economics, macroeconomics, and other
disciplines[11].
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Since the series is a time series, to build forecast models on them, we will conduct the Dickey-
Fuller test to determine the stationarity of the series. The test results for the revenue variable.

Augmented Dickey-Fuller test for the variable v1- revenue

Test without a constant

Modd: (1-L)y = (a1)*y(-1) + e

first-order autocorrelation coefficient for e: -0,080

Dickey-Fuller OLS regression test, observations from 2006-2023 (T = 18) were used

Dependent variable: d_v1

coefficient vl 1 0.198936

st. error 0.0432907

t-statistic 4.595

p-value 1.0000

Test with constant including one lag for (1-L)v1

Mode: (1-L)y =b0 + (a-1)*y(-1) + ... + e

The results of the augmented Dickey-Fuller OLS regression test are presented in Table 2.

Table 2. Augmented Dickey-Fuller OLS regression, using observations from 2007-2023 (T = 17).
Dependent variable: d_v1

coefficient standard error t- statigtics p-value
const —9767,87 7358,34 —-1,327 0,2056 *
vl 1 0,486754 0,217737 2,236 1,0000 *xk
dvliil —0,670657 0,550497 —-1,218 0,2433 *xk

Test with constant and trend including 2 lag(s) for (1-L)v1
Modd: (1-L)y = b0 + b1*t + (a1)*y(-1) + ... + e

1st order autocorrelation coefficient for e: 0.039
Regression parameters are presented in Table 3.

Table 3. Augmented Dickey-Fuller OLS regression observations from 2008-2023 (T = 16) were used.
Dependent variable: d_vl

coefficient standard error t- statistics p-value

const —11582,2 8902,63 —-1,301 0,2199
vl 1 1,90181 1,06774 1,781 1,0000
dvliil —2,42164 1,51970 —-1,593 0,1394
dvl?2 —1,92875 1,26562 —-1,524 0,1557
time —3761,87 3212,91 -1,171 0,2664

In all three cases, the null hypothesis of non-stationarity of the series at a significance level of 5%
is accepted since the probability is more significant than 0.05, the series is non-stationary without a
constant, with a constant, with a constant and atrend in the levels of the series. To reduce the series
to a stationary form, we will move on to checking the test on the first differences for the revenue
variable- instead of revenue, its absolute change will be used. The differentiation operation is often
used to move to a stationary series. The differentiation operation or the first finite difference of the
seriesis denoted as

AXt= Xi—Xe1 = (1-L)X;, @)
where L — isthelag operator.

Theideaisto consider itsincrement over one period instead of the original series.

Test without constant including 2 lag(s) for (1-L)d_v1

Modd: (1-L)y = (al)*y(-1) + ...+ e

11
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The results of the model are presented in Table 4.

Table 4. Augmented Dickey-Fuller OLS regression, using observations 2009-2023 (T = 15). Dependent
variable: d d vl

coefficient standard error t- statistics p-value
vl 1 1,26073 0,710648 1,774 0,9822 o
dvlil —-2,11659 1,01185 -2,092 0,0584 *xk
dvl?2 —2,02581 0,823263 -2,461 0,0300 *xk

Testing the hypothesis for stationarity revealed that the revenue data series can be stationary
without a constant at the level of first differences with alag of 2. Thus, considering the hypothesis
about the relationship between revenue and inflation, we will analyze the dependence of the rate of
change in revenue on the inflation rate. The results of the regression model of revenue dependence
oninflation are givenin Tables5; 6.

Table 5. Model 1: OLS observations from 2005-2023 (T = 19) were used. Dependent variable: Netrevenue

coefficient standard error t- statistics p-value
const —14137,5 5069,83 -2,789 0,0131 >
Inflation 1569,47 494,683 3,173 0,0059 *xx
Netrevenue 1 1,18601 0,0600333 19,76 <0,0001 *kx

Table 6. Satistical characteristics of modd 1

Mean dependent variables 54587,60 d. Error of Dependent Variable 44089,23

Sum of square residuals 1,20e+09 Sd. Error of Model 8661,255

R-square 0,965696 Corrected R-Sguare 0,961408

F(2, 16) 225,2093 P-Value (F) 1,92e-12

Log likelihood -197,5929 Akaike Criterion 401,1859

Schwartz criterion 404,0192 Hennan-Quinn Criterion 401,6654
parameter rho —0,019837 Durbin's h-statistic —0,089589

Results of the study

Model 1Results

The results of constructing the autoregressive model gave the following result:

\?t =—14137 ,5+118601Y,_,+ 1569,47 X,
(5069,83) (0,060) (494,693)

Analyzing the model specification, we see that the null hypothesis about the absence of a
relationship between revenue and the inflation rate is regected at the 95% confidence interval.
Therefore, the aternative hypothesis about the relationship between revenue changes and inflation
ratesis accepted. All estimated parameters are significant. At the same time, we see that an increase
in inflation by 1 percent leads to an increase in revenue by 1,569.47 million tenge per year. Thus,
inflation has a favorable effect on revenue growth for FMCG companies. Also, the current period's
revenue change is affected by changes in revenue of the previous period, athough this effect is
insignificant. Estimating the constant, we can conclude that in the FMCG industry, on average, there
isadecreasein revenue over the period under study, which does not contradict the economic meaning
of the law of demand. As noted above, the investor focuses on an increase in the company's value,
which is directly related to the return on invested capital. In turn, revenue growth is functionally
related to a change in capitalization.

Changes in revenue and return on investment on invested capital affect investment profitability:

12
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Kgrowth
ROIC (3)

Inv rate =

Note that the return on invested capital is the company's return on each monetary unit invested in
the business. The return depends on the amount of invested capital and the rate of return on
investment. The rate of return on investment is determined as follows:

RoOIC = 22T @)
Inv capital

NOPLAT — net operating profit less adjusted taxes (isEBIT after adjusting for deferred taxes. The
tax is adjusted to reflect the un-leveraged earnings of the firm without considering the effects of tax
debt). Having determined the economic dependence, we will test the hypothesis about the relationship
between changes in revenue and the level of return on invested capital .

Hypothesis and model 2

Null hypothesis

Change in company revenue and return on invested capital are independent factors.
H,:b=0

Alternative Hypothesis
H, :b =0

The hypothesisisthat there is a pattern between revenue growth and the level of return on invested
capital. If ROIC grows, the revenue growth rate will be higher than the ROIC value.
The following model is considered:

Yt = bo + blYt—l + bZXt + &, ®)

Where Yt — return on invested capital t (%). Xt — change in revenuein period t (%);

Before testing the hypothesis, since we use time series, it is hecessary to check that the series of
both variables are stationary. To assess ROIC, we use company data, including net operating profit
before taxes (NOPLAT) and the size of investment capital, cal culated based on the company's balance
sheet and representing the sum of equity and long-term debt capital. The ROIC time series graph (Fig.
2) shows that the series "does not fluctuate" around a specific value. While there is a clear growth
trend, the series "looks" like a non-stationary one.

Figure 2. Return on investment for the FMCG industry

We will use a dynamic data series with a time cross-cross structure to assess the dependence and
test the hypothesis. In this regard, a time series model is used to test the hypothesis. Since it is
necessary to forecast future periods to assess the level of capitalization, we use a moving average
model, the so-called ARIMA model, based on the Box-Jenkins methodology [5, p. 234].
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To confirm the stationarity of the series, we will conduct tests using the extended Dickey-Fuller
test with a constant without a trend. We will determine the maximum possible lag, according to the
Schwert rule for determining the maximum number of lags in the ADF test depending on the length
of the series T.

T
e A(_lOO) (6)

Where expression 5 defines the integer part of Pmax, ¢ = 12 or 4 depending on the length of the
series. Based on the Schwartz criterion, the optimal number of lags from one to one determined by
Pmax is selected [6, p. 6].

P =argmin(l,) )
| =In(67)+ kTCT (8
Where,
e
G =T (9)
C =In(T) (10)

For the Schwartz criterion, the value according to the formula 10 is used, and Ct=2 for the Akaike
criterion.

Dickey-Fuller test for ROIC, sample size 20

null hypothesis of aunit root: a= 1

Test with constant

model: (1-L)y = b0 + (a-1)*y(-1) + e

estimate for (a- 1): -0.199386

test statistics: tau_c(1) =-1.21331

p-value 0.6473

first-order autocorrelation coefficient for e: 0.060

The regression of Dickey-Fuller test isgivenin Table 7.

Table 7. Dickey-Fuller test regression. OLS, observations 2005-2024 (T = 20) used Dependent variable:
d ROIC

coefficient standard error t- statigtics p-value
const 0,0591478 0,0393262 1,504 0,1499 >
ROIC 1 —0,199386 0,164332 —-1,213 0,6473 *kx

The test results for a series of ROIC (Y1) values of 20 observations, where the p-value is below
the test statistic, allow usto rgect the null hypothesis of the presence of a unit root and conclude that
the series is stationary. Since the Y 1 series is stationary, an autocorrelation function is defined. Fig.
3 shows a correlogram of the model residuals for the ROIC (Y 1) data series. As can be seen from
Fig. 1, the coefficients of the autoregressive function gradually converge to zero. For the partia
autoregressive function, only the first coefficient is significant, i.e., the correlogram is characteristic
of the AR(1) process.

14
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ACF ans ROIC
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Figure 3. Correlogram of the model residuals for the ROIC (Y1) series

Let's estimate the AR(1) model

Yt = ¢o + ¢1Yt—l + & (11)

The results of the model evaluation are presented in tables 8;9.
Table 8 Model 2: ARMA, observations used 2004-2024 (T = 21.) Dependent variable: ROIC

coefficient standard error z p-value
const 0,230990 0,0651654 3,545 0,0004 *rx
phi_1 0,742299 0,205074 3,620 0,0003 *kx
theta_1 0,0985725 0,280955 0,3508 0,7257
Table 9. Satistical characteristics of model 2
Average of changes 0,222590 Sd. Error of Dependent Variable 0,121406
Average of innovations 0,006784 Sd. deviation of innovations 0,078520
R-square 0,564566 Corrected R-squared 0,541648
Log likelihood 23,15887 Akaike Criterion —38,31775
Schwartz criterion —34,13966 Hennan-Quinn Criterion —37,41099

As can be seen from the model estimation results for the time series Y1, the constant and the
coefficient at the first autoregressive lag are significant at the 1% level. Thus, the series Y1 is an
AR(1) process described by the model:

Y =0,2309+ 0,7423Y_,

(0,085) (0,205)

We will conduct a similar test for the revenue growth rate indicator. Figure 4 shows the revenue
change rate time series for the period 2004-2024.

15
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Figure 4. Dynamics of revenue change rate in the FMCG industry

The revenue change rate series, like the ROIC series, also "does not fluctuate" around a specific
value, and there is no apparent trend, so we can conclude that the seriesis "similar" to stationary. To
confirm stationarity, we will conduct the Dickey-Fuller test. The test results are given below.

Test with a constant

model: (1-L)y = b0 + (a-1)*y(-1) + e

estimate for (a- 1): -0.700618

test statistics: tau_c(1) = -2.96837

p-vaue 0.05531

1st order autocorrelation coefficient for e 0.101

The Dickey-Fuller test regression is given in Table 10.

Table 10. Dickey-Fuller test regression. OLS, observations 2005-2024 (T = 20) used Dependent variable:

d_dNetrevenue

coefficient standard error t- statistics p-value
const 0,106343 0,0518670 2,050 0,0552
ROIC 1 —0,700618 0,236028 —2,968 0,0553

By analyzing the p-value, which is lower than the test statistics, we can reject the null hypothesis
about the presence of a unit root and conclude that the series is stationary. Since the Y1 series is
stationary, an autocorrelation function is defined for it. Fig. 5 shows a correlogram of the model
residuals for a series of data on revenue changes (Y 1). Based on Fig. 5, we can conclude that all the
coefficients of the autoregressive function are close to zero, and there are no significant coefficients,

i.e., the correlogram is characteristic of the AR(0) process.

ACF ans dNetrevenue

PACF ans dNetrevenue

+-1,96/T"0,5

Figure 5. Correlogram of model residuals for a series of data on revenue changes

The results of the AR(0) model estimation are presented in Tables 11;12.
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Table 11. Model 3: ARMA, using observations from 2004-2024 (T = 21). Estimated using AS 197 (exact

MP method)
coefficient standard error t- statistics p-value
const 0,151678 0,0454976 3,334 0,9164 *kx
ROIC 0,588915 0,275395 2,138 0,0178 >
ROIC_1 0,854509 0,144137 5,928 <0,0001 *rx

Table 12. Satistical characteristics of model 3

Average of changes 0,156150 Sd. Error of Dependent Variable 0,150832
Average of innovations 0,001614 Sd. deviation of innovations 0,133380
R-square 0,688094 Corrected R-squared 0,6880094
Log likelihood 12,29501 Akaike Criterion —18,59003

Thus, the Yt seriesis an AR(0) process described by the model:

Y, =0,1517+0,5889Y,+ 0,0855 Y, ,

(0,045) (0,275)

Both model estimates are significant.

Model 2 Results

(0,144)

Having tested hypotheses about the stationarity of time series, we will check the hypothesis about
the relationship between the return on invested capital and changesin revenue dynamics. The model's
results are presented in Tables 13 and 14.

Table 13. Mode 4: OLS, observations from 2005-2024 (T = 20) were used. Dependent variable: ROIC

coefficient standard error t- statistics p-value
const 0,00426748 0,0400402 0,1066 0,9164
dNetrevenue 0,278655 0,106216 2,623 0,0178 >
ROIC_1 0,854509 0,144137 5,928 <0,0001 *kx

Table 14. Satistical characteristics of model 4

Mean dependent variables 0,228823 Sd. Error of Dependent Variable 0,121064
Sum of square residuals 0,085490 Sd. Error of Model 0,070914
R-square 0,693004 Corrected R-Sguare 0,656886
F(2, 16) 19,18763 P-Value (F) 0,000044
Log likelihood 26,17208 Akaike Criterion —46,34415
Schwartz criterion —43,35695 Hennan-Quinn Criterion —45,76102
parameter rho 0,133080 Durbin's h-statistic 0,778464

Using the model of the dependence of the return on capital on the rate of change in revenue and
the return itself of the previous period, we obtained the following results:

Y, =0,004+ 0,8557Y,_,+ 0,279 X,
(0,040) (0,144) (0,106)

Thus, the return on invested capital of the current period is affected by the return on invested
capital of the previous period and the rate of change in revenue. The ROIC of the previous period has
the strongest impact. Anincrease in return by one percent leads to an increase in return on the current
period by 0.8557%. The impact of revenue changes is less significant. Thus, an increase in revenue
by one percent leads to an increase in return by 0.279%.
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Conclusion

In conclusion, we will present the main findings on the matter under study. They are as follows.

Firstly, capitalization is the level of business vaue. It can be real or market-driven. Market
capitalization, usually estimated through the price of shares on the stock market, is not equal to real
capitalization, estimated on the basis of the company's book value. Nevertheless, the level of market
capitalization is used to assess the company's position in the market and the willingness of investors
to purchase its securities. Secondly, the key factors influencing capitalization are: 1) Growth in
profitability ensured by price changes. 2) The structure of products and services in the portfolio and
their change per changes in consumer needs. 3) Organic growth due to expansion of the market
segment. 4) Organic growth due to market share growth. 5) Inorganic growth due to the purchase of
this growth (M&A). Thirdly, during economic crises, the most challenging economic factor to be
managed is the inflation rate factor. According to the microeconomic approach, a price rise leads to
decreased turnover volume. Turnover is one of the key factors influencing the level of capitalization.
We proposed a hypothesis about the relationship between inflation and the rate of change in net
revenue. This hypothesis confirmed this dependence and determined that the relationship between
inflation and the company's net revenue in the long term is direct. A certain level of inflation
positively affects the growth rate of net revenue.

Fourthly, the level of return on invested capital is directly related to the rate of change in revenue
and this level of the previous period. Therefore, in our research, using an econometric model, we
confirmed adirect relationship between the level of return and the rate of change in revenue.
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KPUTEPUH OLIEHKHA YCTOMYNBOCTHA HH®OPMAILIMOHHBIX CUCTEM
KPUTUYECKHU BA’KHBIX OB BEKTOB HH®PACTPYKTYPBI

Annomayus

B cratbe paccMaTpuBaroTcs npoOieMbl U MOAXOAbI K OLIEHKE YCTOHYMBOCTH MHGOPMALMOHHBIX CUCTEM
(MC), ocoOeHHO B KOHTEKCTE KPUTHIECKH BaXXHBIX 00beKTOB nH(ppacTpykTyphl (KBOU). B mepBom paznene
00CyKIIaI0TCsS TeopeThdeckue 0CHOBHI ycToiunBocT MC, BKIIIOUas onpeieNieHHs U KIIFOYEeBhIe KOHIETIINH,
Takhe KaK OTKa30yCTOWYMBOCTh, aJlallTUBHOCTh M CHUCTEMHBIN moaxon. Bo BTopom paszziene mpeacraBieH
0030p CYIIECTBYIOLIMX METOJOB OLCHKH YCTOMYMBOCTH, TAKMX KaK aHAJIU3 PUCKOB, CTPECC-TECTUPOBAHUE,
MOJIETTMPOBaHNE M CHUMYJALUSA, a Takke HX npuMeHuMocTs kK KBOW. Tperwii pasgen ananusupyer
BBISIBIICHHBIE MPOOJIEMBI, BKJIIOYAs HEJOCTATOYHYIO WHTETPAllMI0 METOJIOB, OTPaHUYEHHBIE BO3MOXKHOCTH
MPOTHO3UPOBAHUs,  HEAOCTATOYHYKD  aJaNTHBHOCTh CHCTEM M CIOXKHOCTH B YIPaBJICHUHU
B3aMMO33aBUCUMOCTSIMU. Ha OCHOBE CHCTEMHOro MOAXOAA MPENTIOKEHBl KPUTEPHH OLEHKH YCTOHYHMBOCTH,
KOTOpBI€ BKJIIOYAIOT MHTETpaIi0 METO/IOB, aJaNTHBHOCTh CHCTEM, aHalIu3 B3aUMO3aBHCHUMOCTEM,
WCTIONB30BaHUE AMHAMUYHBIX MOJIENICil MPOrHO3MPOBAaHUS M pEaJM3aLUI0 IUIAHOB pEarupoBaHUs Ha
nHIMAEHTHL. CTaThsl IOJYEPKUBAET BAXKHOCTH KOMIUIEKCHOT'O [TOJX0/1a K OLIEHKE YCTOHYMBOCTH U IIpEJIaraeT
HaIpaBlIeHUs A JAITbHEHIINX UCCIIEAOBAaHUN U MPAKTHYECKOTo MPUMEHEHHs pa3paboTaHHBIX METOJIOB U
KpUTEpUEB.

KiroueBble ciaoBa: YcTroWunBOCTh HMH(POPMAIMOHHBIX CHCTEM, KPUTHUYECKH BaXKHbIE OOBEKTHI
uHppactpykrypel (KBOU), oneHka ycTOHYMBOCTH, CHUCTEMHBIH MOAXOX, aHaIU3 PHCKOB, CTpecc-
TECTUPOBAHHE, aAANTUBHOCTb CUCTEM.
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Anoamna

Makanana akmaparTelkK xyhenepair (AX), acipece mabpI3IbI HHPpaKYpbUTBIMIBIK HblcaHmap (MIH)
KOHTEKCTIH/IE TYPaKThUIBIFBIH Oaranay IbIH MpodiieMaapbl MEH TOCUIIepi KapacTeipbutasl. bipinmri 6exiMuie
AJK TypaKTBUIBIFBIHBIH TEOPYSUTBIK HETi3/1epl, OHBIH INIHAE TYPaKTBUIBIK, OSHIMAESTYIIUTK KoHE KYHeIiK
TOCUI CHSIKTBI aHBIKTamajap MEH Heri3ri yreIMaap TaiukbuiaHaisl. ExiHmi Oeisimae Toyekenaepni Tajinay,
CTpecc-TeCTiiey, MOJETbley JKOHE MOJIENbBJCY CHUSKTHI TYPAKTHUIBIKTHI OaranayiblH KOJIJaHBICTaFbI
omictepide mony >xoHe osapiabiH Cl yImiH KOJAaHBUIYBl KapacThIpbUIFaH. YIIIHIN OeJliMIe aHBIKTaJIFaH
KUBIHJBIKTAp, COHBIH iIIiHAE OAICTEpAiH HMHTErpauusuiaHOaybl, OoiKay MYMKIHAIKTEpPiHIH IIEKTEYJiTiri,
JKYHeHIH OeHiMIeyiHIH JKOKTHIFBI )KOHE ©3apa TOyeAUTIKTI 0acKapyaarbl KUBIHIBIKTAp TajaaHaabl. JXKyiemik
TOCLUI HET131H/Ie TYPAKTBUIBIKTHI Oaraay KpUTEepHIAIep] YChIHBLUIAIBI, OJIap dIicTep i OipiKTipy/Ii, )Kyienepain
Oellimaenyid, e3apa TOyeNAUTIKTEpAl Taigaydbl, AWMHAMHUKAJIBIK OOJDKay YITUIEpiH MaijaiaHyqbl >KoHE
OKHFaJlapFa 9peKeT eTy >KOcIapiapblH JKy3ere achlpyabl KaMTHIIbL. Makajiaga TYpaKThUIBIKTBI OarajayablH
KEUICH I TOCUTIHIH MaHBI3JBUIBIFBI aTal OTUIeAl XKoHE O3IpIeHIeH dJicTep MEH KpUTEepHisepai olaH api
3epTTey )KOHE MPAKTHKAJIBIK KOJJIaHy OaFbITTaphl YCHIHBLIA L.

Tyiiin ce3nep: AKmaparThIK XYHelepIiH TYpPaKTBUIBIFBI, MaHbI3Ibl HHPAKYPBUIBIMABIK HBICAHAAP
(MUH), TypaKkTBUILIKTHI OaFajay, >KyHeiK TaCi, ToyeKenIep/i Tajliay, CTpecc-TecTiiey, )KyieHiH Oefimueny
Kabiseri.
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CRITERIA FOR ASSESSING THE STABILITY OF INFORMATION SYSTEMSOF CRITICAL
INFRASTRUCTURE FACILITIES

Absrtact

The article considers the problems and approaches to ng the resilience of information systems (1),
especially in the context of critica infrastructure facilities (Cl). The first section discusses the theoretica
foundations of IS resilience, including definitions and key concepts such asfault tolerance, adaptability, and a
systems approach. The second section provides an overview of existing resilience assessment methods such as
risk analysis, stress testing, modeling, and simulation, and their applicability to Cl. The third section analyzes
the identified problems, including insufficient integration of methods, limited forecasting capabilities,
insufficient adaptability of systems, and difficulties in managing interdependencies. Based on the systems
approach, resilience assessment criteria are proposed that include integration of methods, system adaptability,
dependency analysis, use of dynamic forecasting models, and implementation of incident response plans. The
article emphasizes the importance of an integrated approach to resilience assessment and suggests directions
for further research and practical application of the developed methods and criteria

Keywords: Information system resilience, critical infrastructure facilities (Cl), resilience assessment,
systems approach, risk analysis, stress testing, system adaptability.

OcHOBHBIE 110JI0KEHHSA

B nmaHHO# cTaTthe HMCCIEAYIOTCS METOHABI OLEHKH YCTOWYMBOCTH HH(OPMAIMOHHBIX CHCTEM
KPUTHYECKH BaXXKHbIX 00beKTOB HH(PpacTpyKTypsl (KBOU) ¢ akiieHTOM Ha MareMaTu4eckie MoJeNn
U TOoKa3aTeslud. PaccMOTpeHbl Takue IOAXO/bl, KaK aHajJu3 PUCKOB, CTPECC-TECTUPOBAHUE,
pe3epBUPOBaHUE U MOJEIMPOBAHUE B3aMMO3aBUCUMOCTEH. BBIABIEHBI KiO4eBble MPOOIEMBI,
BKJIIOYAsl HEIOCTATOUHYIO MHTETPALIMIO METOJI0B U OTPAHUYEHHBIE BO3MOKHOCTH MPOTHO3UPOBAHHUS.
IIpeioskeHbl KpUTEPUN YCTOMYUBOCTH, OCHOBAaHHbIE Ha CUCTEMHOM I10/IXOJ€ M MAaTeMaTHYEeCKHX
MOKAa3aTeNsaX, TAKUX Kak KO3(pPUIMEHTHI HaJIe)KHOCTU U (PYHKIIUU OTKJIMKA Ha cOou. B pesynbrate
UCCJIEIOBaHMs TIPEAJIOKEHbl PEKOMEHJanuu 1o mnosbimeHnto ycroiunsocty MC KBOUM ¢
HCIOJIb30BaHNEM KOMIUIEKCHOI'O MaTEMAaTUYECKOTO aHAIN3a.

Beenenue

B coBpemenHoM Mupe nnpopmanronssie cucreMsl (M C) urparoT Kiro4eByro posib B 00eCeuyeHU!
(GYHKIIMOHUPOBAHMUSI KPUTHYECKH BaXHbIX 00beKkTOB HH(PpacTpykTypbl (KBOMW), Takmx kak
SHEpPreTUYeCcKre CeTH, TPAHCIIOPTHBIE CUCTEMBI, BOJIOCHAa0XXeHue, U T.1. Hapymenus B pabote 3THX
CHCTEM MOTYT IPUBECTU K CEPbE3HBIM MOCIEICTBUSAM, BKIIIOUasi COOM B IPEJOCTABICHUH KU3HEHHO
Ba)XXHBIX YCIYT, YTPO3y HAllMOHAIBHOM 0€30MacCHOCTH U SKOHOMHUYECKUM MOTEPSIM.

C pocTom KoJIMYECTBa U CIOKHOCTH YIpo3, TAKUX Kak KHOepaTaku, TEXHOTEHHbIE KaTacTpO(bl U
NPUPOJHBIE O€ICTBUS, HEOOXOAUMOCTh Pa3pabOTKH HAISKHBIX KPUTEPHEB OLEHKH YCTOHYHMBOCTU
nHpopmanronHsix cucreM KBOW cranoButcst Oosiee HacymiHOW. DTO MO3BOJISIET CBOEBPEMEHHO
BBISBJIATh U YCTPAHATH YSI3BUMOCTH, MUHMMH3MPOBATh PUCKM U TapaHTUPOBATh HENPEPBIBHOCTh
pabOTHI AITUX CUCTEM.

CoriacHO HMCCIeNOBaHMSIM, OJHUM M3 KIIOUEBBIX acCMEeKTOB olecrieueHus ycronumBoctu MC
ABIISIETCA MX CHOCOOHOCTh NMPOTHUBOCTOSITH BHEIIHUM M BHYTPEHHUM YIpO3aM, COXpaHsS CBOIO
paboTOCITOCOOHOCTH MM OBICTPO BOCCTAHABIMBASCH TMOCIIE HHIUICHTOB. [[puMeHeHne CuCTeMHOTO
MIO/IX0JIa K OLEHKE YCTOMYMBOCTH MO3BOJISET YUUTHIBaTh KOMIUIEKCHOCTh B3aUMOJEHCTBUI MEXKIY
anementamu MC u ux okpyxeHuem, 4ro ocobeHHo BaxkHO /uis KBOW, rae napymenue paGoTbl
OJTHON Y4acCTH MOKET NMPUBECTU K KaCKaJHBIM COOSIM B IPYTHUX.

B nayuHoill nuTepaType npeacTaBieHO MHOXKECTBO MOAXO0A0B U MOJENIel OLEHKH YCTOHYMBOCTH
nHpopMalMOHHBIX cucteM. Hampumep, B padote [1] paccmarpuBaroTcst METObI KOJIUYECTBEHHON
OLICHKM YCTOMYMBOCTM Ha OCHOBE aHaJM3a BEPOSTHOCTHBIX MOJENEH pHCKa, YTO IO3BOJSET
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OLICHUBATh BEPOSITHOCTh OTKA30B cuUcTeM H ux mnocienctBus s KBOU. B uccrnemnoBanuu [2]
MpejIoKeHa WHTErpamusi METOJAOB HMCKYCCTBEHHOTO HHTEIIEKTa W MAIIMHHOTO OOY4YeHHS s
IIPOTHO3UPOBAHUS YIPO3 U aJaNTalii CUCTEM K U3MEHSIOIIUMCS YCIOBUAM.

Kpome Ttoro, B [3] akueHTHpyeTcs BHHMaHHME Ha BaXXHOCTH pPa3pabOTKU CTaHIAPTOB U
HOPMAaTUBHBIX TpeboBanuit mnsa oneHku ycroiumBoctn MC KBOW, uto obecrmeunmBaeT ux
COOTBETCTBHE MEXKAYHAPOTHBIM TpeOOBaHUSAM 0€30M1aCHOCTU U CTaOUIBHOCTH.

Tem HEe MeHee, HECMOTPS Ha 3HAYUTENBHBIM O0BEM HCCIEOBAHUM, OCTACTCS HEIOCTATOYHO
M3Y4YEHHBIM BOIIPOC KOMILIEKCHOM oleHKH ycroitunBocty MC, BKItoyaronieil kak TEXHUY€CKHE, TaK
Y OpraHU3aIMOHHBIE ACMEKThl. JTO MOAYEPKUBAET HEOOXOIUMOCTh JAIbHEHIINX HCCIETOBaHUI B
JaHHOM 0bjacTu.

lenr maHHOM CTaThbM HampaBieHa Ha pa3pabOTKy KpPUTEpUEB OLEHKH YCTOWYMBOCTHU
WH()OPMALIMOHHBIX CHUCTEM KPHUTHUYECKA BAXKHBIX OOBEKTOB HH(PPACTPYKTYphl. B pamkax
UCCIe0BaHus OYIyT pacCMOTPEHbI Pa3INyuHbIe OIXObI K OLIEHKE YCTOMYUBOCTH, IIPOBE/ICH aHATN3
CYLIECTBYIOIIMX METO/I0B U MPEII0KEHBl PEKOMEHIALIUU 110 UX IPUMEHEHUIO B YCIIOBUSAX pealbHON
skcmutyatanuu UC.

MeTopnoJi0rust Mccjie0BaHUs

MeTtononorus Mcciel0BaHUs JaHHOM CTaTbd OCHOBBIBACTCS HA aHAJIM3€ M CHCTEMaTU3allud
CYIIECTBYIOIIMX METOJIOB OLIEHKHU ycTOWYMBOCTH HH(popMainroHHbIX cucteM (MC) kputnuecku
BaXHBIX 00beKkTOB wuHppacTpykrypel (KBOMW). OcHOBHBIE MaTepuanbl, HCIOJIH30BAHHBIE B
UCCIIeIOBAaHUM, BKJIIOYAJIM HayuyHble NyOaukanuu mo teme yctodumBoctd MC, TexHHYECKyIo
JOKYMEHTAIlMl0 Ha  HMH(OPMAIIMOHHBIE CHUCTEMBI  PA3JUYHBIX  CEKTOPOB  KPUTHYECKOU
MHPACTPYKTYPHI (3HEPreTHKa, TPAHCIIOPT, CBSI3b), a TAKXKE CTaHIAPThl U HOPMATUBHBIE IOKYMEHTHI,
peryaupyromune BOIpocskl HH()OPMAIIMOHHON O€30MacHOCTH M HAJEe)KHOCTH CHUCTeM. Takxke ObLIH
M3y4YeHbl OTUETHI 10 AaHATU3Y PUCKOB, JaHHbBIE 00 MHIMJIEHTAX U cO0sX B pabOTe CUCTEM, PE3YJIbTaThl
CTPECC-TECTUPOBAHMS M MOJICIIUPOBAHUS DPA3IMYHBIX CLEHApHeB OTKa30B. Jlus pa3paboTku
KPUTEPUEB YCTOMYMBOCTH HCIIOJIb30BATUCh MAaTEMATUUECKUE MOJENIN M CTaTUCTHUUYECKUE JTAaHHBIE,
cCOOpaHHbIE W3 OTKPBITBIX MCTOYHHMKOB, a TakK€ MCCIEJ0BaHUSA B3aUMOACUCTBUA U
B3anMo3aBucumocteil BHyTpu KBOU, uTo mo3BoamMiI0 MpoOBECTH KOMIUIEKCHBIM aHaIu3 MpobieM u
MPEIOKUTh CUCTEMHBIH MOAXO0/1 K OIIEHKE YCTOMYMBOCTH.

PesyabTaTsl uccienoBanus

VYcroitunBocts  MH(popMmammonHbeix  cucteM (MC) mpencraBiasier  coOoOd  KITIOYEBYHO
XapaKTePUCTHUKY, OMPEJEISIONIYI0 CIIOCOOHOCTh CHUCTEMBI NMOAJEPKUBATh (YHKIIMOHHPOBAHUE B
YCIOBUAX Pa3IMYHBIX CTPECCOBBIX (DAaKTOPOB, MHIMJIEHTOB U HEOMNPEAEICHHOCTU. JTa KOHLENIUs
OXBAaThIBA€T HECKOJIbKO B3aMMOCBSI3aHHBIX aCIEKTOB, KaX/bIi U3 KOTOPBIX UIPAET BAXKHYIO POJIb B
obecriedeHnn o01el HaIe)KHOCTH U 3((HEKTUBHOCTH CUCTEMBI.

OcnHoBHoe onpenenenue ycronunocty MC noapasymeBaeT, 4To cuctema J0KHa ObITh CLIOCOOHA
HEe TOJIbKO d(PPEeKTUBHO (YHKIIMOHUPOBATh B HOPMAJbHBIX YCIOBHUSX, HO M MOJAEPKHUBATH CBOIO
OTIEPAIIOHHYIO JESTEbHOCTh IMPU BO3HMKHOBEHHWH COOEB, aTak WM APYTUX KPUTHUECKHUX
cUTyallMid. YCTOHYMBOCTh BKIJIIOYAeT B ce0si HECKOJIBKO KIIOYEBBIX KOMIIOHEHTOB: HAJEKHOCTH,
0TKa30yCTOWYUBOCTb, aJAlITUBHOCTh M CIIOCOOHOCTH K BOCCTAHOBJIEHUIO MOCIIE aBapUl.

HanexHOCTb cuCTeMBbI ONpeiessieTcs: Kak €€ CIOCOOHOCTh KOPPEKTHO BBINOIHITH CBOU (DYHKIIUU
B T€UEHHE 3aJJaHHOT'O BpeMeHHU 0e3 cO00oeB. JTO SABISETCS OCHOBOI yCTOMYMBOCTH, TaK KaK cucTeMa
JIOJKHA BBIICPKUBATh HATPY3KH M pabOTaTh TOJDKHBIM 00pa30M MpU OOBIYHBIX IKCIUTYaTAIlHOHHBIX
ycnoBusix. HagexxHOCTh u3MepsieTcs TaKUMU MOKa3aTeNlsIMU, KaK CpeJHee BpeMsl MKy OTKazaMu
(MTBF) u cpeanee Bpems Ha BocctaHoBieHue (MTTR). Otu nmapameTpbl MOMOrarOT OLIEHHTb,
HACKOJIbKO 3((EKTUBHO CHCTEMa CITPABIISIETCS] ¢ OOBIYHBIMU U SKCTPEHHBIMH CHTYaIUsIMU [4].

OTka3oycToiiunBOCTh omuchkiBaeT crnocooHocts WC mpomomxars (yHKIMOHUPOBATH TPU
YaCTUYHBIX COOSIX MM HEeUcHpaBHOCTIX. CUCTeMa J0JKHA ObITh CIIPOEKTUPOBAaHA TAKUM O00pa3oM,
4TOObI COOM B OTJENBbHBIX KOMIIOHEHTAaX HE MPUBOAMIM K IOJHOMY BBIXOLY M3 CTpPOs. ITO
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JOCTHTaeTCs Yepe3 UCIOIb30BaHUE PE3EPBUPOBAHUS U AYOIMPOBAHUS KPUTHUECKUX KOMIIOHEHTOB,
YTO [I03BOJISIET CUCTEME MOAEP>)KUBATh CBOM OCHOBHBIE (DYHKIIMHU JIaXKe B Cilydae 0TKa30B [5]. Takoi
IIOJIXOJ BKJIFOYAET CO3JaHME PE3EPBHBIX KONUM JAHHBIX M IPUMEHEHUE KIACTEPU3ALUU CEPBEPOB
JUTsI pactipeIeJICHHs] Harpy3KH, U oOecrieueHus 6ecrepe0oitHOi paboTHhl.

AanTUBHOCTh CHUCTEMBI CBSA3aHA C €€ CIIOCOOHOCTHIO TMOKO pearupoBaTh Ha W3MEHSIONIMECS
YCIOBHMSL M Yrpo3bl. OTO 03HAYaeT, YTO CHUCTEMa JOJDKHA ObIThb CIOCOOHAa H3MEHSTh CBOIO
KOH(UTypanuoo, BHEAPATh HOBbIE TEXHOJIIOTUU U METOMABI YIPAaBJICHUS B OTBET HAa BO3HUKAIOIINE
PUCKU. ATAaNTUBHOCTD IMO3BOJISIET CUCTEME HE TOJIBKO CIPABIATHCSA C TEKYLIMMH yrpo3aMH, HO U
IIPEJCKa3bIBATh M FOTOBUTHCS K OyIYyIIMM U3MEHEHUAM. B 3TOM KOHTEKCTE BaXKHYIO POJIb UIPAOT
COBPEMEHHBIE METO/Ibl, TAKHE KaK MAIIMHHOE O0y4YeHHE M aHAIMTUKA OOJIBIINX JTAaHHBIX, KOTOpPHIC
HOMOTAIOT BBISBIISTH OTCHIIMAIBHBIC YTPO3bl M aHOMAIUH [6].

[Tnaner o6ecneuenus: HenpepbiBHOCTH Ou3Heca (BCP) u mtansl BOCCTaHOBJICHUS TOCIIE aBapuid
(DRP) mnpencraBisitor co0oil BakKHBIC acCIeKThI, CBsi3aHHbIe C ycrohuuBocThio MC. Ilnmanbr
o0ecriedeHrsl HeTIPEPhIBHOCTA OM3HECa OXBATBHIBAIOT CTPATETWH M MPOUEAYPHI Ul TMOAASPIKAHHS
KHM3HECIIOCOOHOCTH OM3HECa B yCIOBUAX YpPE3BbIUAMHBIX CUTYallUil, BKJIIOYas yrpaBieHue Ou3Hec-
Ipoueccam, pecypcaMM W KOMMyHuKauued. OHM IIOMOTalOT OpraHU3alusM OIEpaTHBHO
alanTUPOBATHCA K KPU3UCHBIM CUTYallUsIM M MUHUMM3UPOBATh NoTepH [ 7]. I1naHsl BocCTaHOBIEHUS
II0CJIe aBapuii, B CBOIO ouepesib, GOKycupyroTcst Ha BocctaHoBiieHuU MIC u Ou3Hec-poleccoB 1nocie
MHIUJIEHTOB. OTH IUIaHbl BKJIOYAIOT pPE3EpBUPOBAHHE [AHHBIX, BOCCTAHOBJIEHHE CHCTEM U
BO3BpAIllCHHE K HOPMAJbHOMY ()YHKIIMOHUPOBAHHUIO, YTO ITO3BOJISIET MHUHUMH3HPOBATH BpEMs
HPOCTOSI U 0OECIIECUUTh ONIEPATHBHOE BOCCTAHOBJICHHE 1ocie cooes [8].

BaxHpIM acnekToM YCTOMUMBOCTH SIBJIIETCS CUCTEMHOE MBIIUIEHUE, KOTOpOE Mperoaraet
paccmotpenne MC kak LeOCTHOTO OpraHu3Ma, a He KaK COBOKYITHOCTH OT/EJIbHBIX KOMIIOHEHTOB.
3TO MOAXO]I MO3BOJISIET YUYUTHIBATh B3aUMO3aBHCHUMOCTH MEXIY PA3IMYHBIMH YaCTSIMH CHCTEMBI
[OHMMAaTh, Kak cOOM B OJHOH YacTW MOIYT IOBIUATH Ha Jpyrue KOMIOHEHThl. CHcTeMHOe
MBIIICHUE TIOMOTAeT BBISBUTH MOTEHIMAIBHBIC CIa0ble MECTa M pa3paboTarh CTPATEerwd s UX
yctpanenus [9).

Haxonern, nHTETpanys M B3aMMOJICHCTBHE PA3TUYHBIX KOMIIOHEHTOB CUCTEMBI UTPAIOT BAXKHYIO
poJb B OOECIeYeHUN €€ yCTOWYMBOCTH. DPPEKTUBHbIE CUCTEMbl MOHUTOPHHIA M OIMOBELICHUS, a
TaK)Xe y4eT B3aMMO3aBUCUMOCTEN MEKy KOMIIOHEHTaMHU CUCTEMBI CIIOCOOCTBYIOT 00Jiee TOUHOMY
U CBOEBPEMEHHOMY BBISBICHHIO MpOOJEeM M HX YCTpaHeHMI0. VIHCTpyMeHTHI A aHaiu3a
B3alMO3aBUCHUMOCTENl W MOJEIMPOBAHUS KacKaJHbIX 3(PQPEKTOB MOMOraroT IMpeacKa3blBaTh U
IpeNoTBpaIaTh MOTESHIUATBbHBIE COOH, yydlas ooy ycroitunBocts VIC [10].

Onenka ycroitunBoctu uHpopManmoHHbx cucteM (MC), ocoGEHHO B KOHTEKCTE KPUTHYECKHU
BaXHBIX 00bEeKTOB HHOpacTpykTypsl (KBOW), TpeOyer mnpumeHeHUs KOMIUIEKCHOro Habopa
METOJIOB. DTHU METO/bl IpeJHa3HaueHbl JJIs OLUEHKU CIIOCOOHOCTH CHCTEMBbI COXPAHSTh CBOIO
(GYHKIMOHATBHOCTh M 0€30IaCHOCTh B YCIIOBHUSX Pa3jIMUYHBIX YIPO3 M CTPECCOBBIX (PaKTOPOB.
Paccmotpum Hanbosnee pacpoCTpaHEHHbIE METO/Ibl OLIEHKH YCTOWYMBOCTHU U UX MPUMEHUMOCTD K
KBOMU, onupasck Ha akTyaJbHbIE UCCIEIOBAHUS U IPAKTUUECKUE TPUMEPBHI.

AHanu3 pUCKOB U YIpo3 SIBISETCS OJHUM M3 0a30BBIX METOJOB, MCIOJIB3YEMbIX ISl OLEHKU
YCTOMYMBOCTH. OTOT METOJA BKJIIOYAaeT B ce0sl HMAEHTH(UKALMIO TOTEHUUAIBHBIX YIpo3 u
ySI3BUMOCTEH, a TaK)Ke OLEHKY UX BEPOSITHOCTH U MOTEHIIMAIILHOTO BO3JIEHCTBUS Ha cuctemy. s
KBOMU, Takux Kak 3JEKTPOCETH WM BOJOCHAOXKAIOUIME CHCTEMBI, aHAJIW3 PUCKOB MO3BOJISET
BBISIBUTh KPUTHYECKHE YSI3BUMOCTH W pa3paboTaTh CTpaTeTWH Uil WX ycTpaHeHus. Hampuwmep,
uccnenoBanue Smith et al. (2021) mokazasno, YTO KOMITJIEKCHBIN aHAJIN3 PUCKOB MOXKET 3HAYUTEIHHO
YIy4IIUTh MOHUMaHHUE YSI3BUMOCTEW B SHEPreTHUECKUX CHUCTEMaxX U CIIOCOOCTBOBATH pa3paboOTKe
3¢ EKTUBHBIX Mep 0 MOBBIIIEHUIO ycTouuBOCTH [11]. AHaIM3 pUCKOB Tak)Ke MCHOJIB3YETCs IS
OLIEHKH BO3/EUCTBUS KIMMAaTHUYECKUX M3MEHEHUN Ha MHPPACTPYKTYpPY, UTO OCOOEHHO Ba)KHO JIJIS
CHCTEM, TAaKUX KaK BOJOCHA0XEeHHE U TPAHCIIOPT.

Crpecc-TeCTUpOBAaHUE — 3TO METOJA, KOTOPBIA MPOBEpPSET, KaKk CHUCTEMa CIPaBISIETCA C
HKCTPEMAJIbHBIMU YCIOBHSIMU MJIM HAarpy3KaMH, MPEBBIIIAIOIIUMU OOBIYHBIE IKCIUTyaTAllMOHHBIE
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rnapameTpbl. DTO MO3BOJISIET ONPEIEIUTh, HACKOJIBKO CUCTEMA YCTOMUMBA K KPUTUUECKUM CUTYaIUsIM
U BBISIBUTH cialOble MecTta. B GaHkoBCKOI cdepe, Hampumep, CTpecc-TECTUPOBAHUE HCIOIb3YeTCs
JUTSL OLEHKH YCTOWYMBOCTU (PMHAHCOBBIX CHUCTEM K SKOHOMHYECKHM IIIOKaM W Kpusucam. PaGoThl
Brown et al. (2022) noka3bIBaroT, 4TO ATOT METOJ TOMOTa€T BBIIBUTH MOTEHIIMAIBHBIEC YSI3BUMOCTH
Y TI03BOJISICT pa3paboTaTh CTpATETUU JJI UX YCTPAHEHHS, YTO OCOOCHHO BaXKHO JIJISl OOeCTICueHUs
crtabwibHOCTH (uHAHCOBBIX cucTeM [12]. B kontekcte KBOMWM crpecc-TtecTupoBaHHE MOXKET
MPUMEHSITBCS JIUISL OIICHKH PEaKIMU CUCTEM Ha HArpy3Kd, TaKhe KaK YBEIHUYCHHUE MOTpPeOJICHUs
AJIEKTPOIHEPTUH WIIA SKCTPEMAJIbHBIE TTOTOIHBIE YCIIOBHUS.

MonenupoBaHue U CUMYJISILIMS TO3BOJIAIOT CO3/1aTh BUPTYaJIbHbIE MOJIETN CUCTEM U MPOBOJIUTH
SKCIIEPUMEHTBI JIsl OLICHKM KX TOBEJACHUS B PA3JIMYHBIX CIEHAPUSX. DTHU METOJbl MOMOTaloT
npeJicKka3aTh, KaKk cUcTeMa OyJeT pearnpoBaTh Ha WU3MEHEHUs UM cOOM, HE MOJABepras peaibHyIo
cucremy pucky. Hampumep, Garcia et al. (2023) mpoaeMOHCTpHpOBAIH, KaK MOJCIUPOBAHUE MOKET
UCIIONIb30BAaThCA U1l aHAIM3a YCTOMYMBOCTH BOJOCHAOXKAIOIIUX CHCTEM, UTO IO3BOJISET
MpeACcKa3aTh TMOCIHEACTBUS PA3IUYHBIX CIICHApHEB M pa3paboTaTh MEpPbl 1O  YIYUIIECHHUIO
ycroitunBoctu [13]. MonenupoBanue taike npumenumo k KBOU, TakuM kak TpaHCHOpPTHBIE
CUCTEMBI, I OLIEHKM BO3JCHCTBHUS pa3IMYHBIX (PAKTOPOB, BKIIOYAs NEPErpy3ku U cOOM B
JIOTUCTHKE. AHAU3 OTKa30yCTOMYUBOCTH (DOKYCHUpPYETCSI Ha CIOCOOHOCTH CHUCTEMBI MPOJOIIKAThH
(YHKITMOHMPOBATh MPH YACTUYHBIX COOSX. DTOT METOJ| BKJIFOYACT HCCIICIOBAHUE APXHUTEKTYPHI
CUCTEMBbI, BBISBIIEHUE YSI3BUMBIX MECT M OLEHKY 3((HEeKTUBHOCTH MEXaHW3MOB PE3ECPBUPOBAHUS U
nyonupoBaHus. B TeIeKOMMYHUKAIIMOHHBIX CHCTEMaX, HalpUMEp, aHaJIW3 OTKa30yCTONYMBOCTH
nomoraer obecrneynTh OecriepeOoiiHyl0 padoTy CeTeid, AaXke €ClIM OTIEeNbHBIC Y3IIbl BBIXOIAT U3
crpos. UccnenoBanne Wilson et al. (2021) moka3zano, yto BHenpeHne >PPEKTHBHBIX MEXaHU3MOB
pe3epBUPOBAHUS U JYOIUPOBAHUS MOXKET 3HAYUTEILHO MOBBICUTH OTKa30yCTONYMBOCTH CUCTEM, YTO
KPUTHUYHO JJIs1 00ECTICUeHHS HaJIeKHOCTH CBsi3u U JaHHbIX [14]. s KBOU stot meTon momoraet
pa3paboTaTh CTpaTerd, KOTOpHIE MO3BOJIAT MUHUMH3UPOBATH BIHMSIHHE YAaCTUYHBIX COOEB Ha
(YHKITMOHUPOBAHKE BCCU CUCTEMBI.

MeTos! yripaBieHHs HHIIMACHTAMHU U aBApUHHOTO PearupoBaHus BKIOYAIOT pa3paboTKy MIaHOB
W Tpoleayp s ONEepaTUBHOTO pEarupoBaHUs Ha HWHIUIACHTHI W BOCCTAHOBIICHUS
(YHKITMOHUPOBAHMS CUCTEMBL. OTH METOJBI OXBaThIBAIOT KaK oOOecleyeHre HEempephIBHOCTU
Ou3Heca, Tak W BOCCTAHOBJICHHE TIOC]Ee aBapuii. B TPOMBIIIUIEHHOCTH, HANpUMEpP, YCIEIIHOE
MPUMEHEHHE ITHX METOJOB MOMOIJIO OpPraHU3allksM OMEpaTHBHO pearupoBaTh Ha KubOepaTaku u
MUHUMHU3UpOBaTh ux nocienctsus [15]. Jns KBOW Takue meTonbl KpUTHYHBI JJIsT 0O€CTICUSHUS
OBICTPOI peakIy Ha KPU3UCHBIE CUTYAIlUH, YTO MIOMOTAEeT MPEeOTBPATUTH JJIUTENbHbBIE TIEpeOon B
paboTe ¥ MUHUMHU3HPOBATh YIIEPO.

OneHka ycTOMYMBOCTH C UCTIOJIB30BAHUEM METOOB MALTUHHOTO O0YUYEeHHs MpeCTaBIseT co00it
COBPEMEHHBIN MOJIX0/1, KOTOPHIN MO3BOJISET aHATU3UPOBATH OOJIBIIINE OOHEMBI TAHHBIX U BBHISBISATH
CKPBIThIE MATTEPHBI, YKA3hIBAIOIINE HA MOTEHIUaNbHBIe yrpo3bl. MccnenoBanue Liu et al. (2023)
JNEMOHCTPUPYET, KaK aJIrOpUTMbl MAIIMHHOTO OOY4YEHUsS MOTYT HCIOJB30BAaThCS IS
MPOTHO3MPOBAHUS M  MPEAOTBpallleHHs CcOOeB B CHUCTEMax YOpPaBIEHUS KPUTHYECKON
uHppacTpyktypoir [16]. DTu MeToAbl MOMOTalOT MOBBICUTH TOYHOCTh IPOTHO3HPOBAHUS U
OTIepaTHBHOCTh PearupoBaHusl, 9YTO 0COOEHHO BaXKHO IS oOecrieueHus ycroiunBoctn KBOU.

AHanmm3 B3aMMO3aBUCUMOCTEH MEXy KOMIIOHEHTaAMH CHCTEMBI TIOMOTAET BBISIBUTH, Kak cOOM B
OJIHOM 4YacTHM MOTYT MOBIMATH Ha JIPYTM€ YacTH CHUCTEMbl. JTOT METOJ IMO3BOJISIET OLEHUTH
MOTEHITMATbHBIE KacKaJHbIe 3(PEKTHI U pa3paboTaTh CTpaTEruu A X MUHUMH3anuu. Hampumep,
B TPAHCIIOPTHBIX CUCTEMAaX aHaU3 B3aMMO3aBHCUMOCTEH MTOMOTaeT MOHATh, Kak COOM B OTHOM y3Iie
MOTYT 3aTPOHYTh BeCh TpaHCNOpTHBIA MOTOK [17]. st KBOU 3TOT MeTOon KpuTHUeH AJI OIEHKH
CUCTEMHBIX PHUCKOB M DPa3pabOTKU KOMIUIEKCHBIX pEIIeHUuH isi 00ecredeHus HaJIeKHOCTH, U
HETIPEPBHIBHOCTH PaOOTHI. ITH METOMBI ¥ TIOJXOJbI SIBJSIOTCS OCHOBOM JJIsI OIEHKH YCTOMYUBOCTH
NC xpuTnveckn BaxXHBIX 00BEKTOB HH(PPACTPpYKTypbl. OHU MOMOTAIOT BBISBUTH MOTEHIIUATHHBIE
YSI3BUMOCTH, OIIEHUTH TIOCIEACTBUS PA3IUYHBIX YIPO3 U pa3padoTaTh CTPATETHH ISl 0OCCTICUCHHUS
HAJEKHOCTH U OE30MaCHOCTH CHUCTEM.
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Juckyccus

YcToiunBOCTh MHPOPMALIMOHHOW CHUCTEMbI MOKHO OIIGHHUTH C HCIIOJIb30BAHHEM Pa3IUYHBIX
MaTeMaTHYECKUX  IOKa3aTeNe, TakuX Kak KOI(PQHUIMEHTH  HaJIeKHOCTH, IOKa3aTeNln
pe3epBUPOBaHUs, PYHKIIUU OTKIMKA Ha COOU U JAPYrHe METPHKH, KOTOPbIE (POPMATU3YIOTCS B BHJIC
MaTeMaTH4ecKkuxX BblpaxkeHuil. Koadduumenr nanexHoctu, Hampumep, OLEHHBAET BEPOATHOCTH
TOro, 4TO crucTema Oyaer paboraTh Oe3 cOOEB B TedeHue 3amaaHHoro Bpemenu P(t), uro MokHO
BBIPA3HTh Yepe3 (PYHKIHIO IUIOTHOCTH BEPOSITHOCTH 0TKa30B f(t):

PO = [} f(®)dt (1)

Cpennee BpeMms 6e30TkazHoi padotsel (MTBF) Takke sBisieTcsl BAKHBIM ITOKa3aTeaeM, KOTOPBII
BBIYHUCIISIETCS] KAK MAaTEMaTHYECKOE OKUJaHNE BPEMEHH JI0 OTKa3a:

MTBF = [t~ f(t)dt 2)

[Tokasarenu pe3epBUPOBAHUS, TaKUE KaK KOIPPUIIMCHT pe3epBUPOBAHUS, TIOKA3bIBAIOT, CKOJIBKO
KOMITOHEHTOB MOKET BBIMTH U3 CTPOS, MPEXKJIE YEM CUCTEMA MOTEPSIET CBOIO (DYHKIMOHAIBHOCTD, U
BBIPAYXKAKOTCS, HAIIPUMED, KaK OTHOIICHUE YUCIIa PE3EPBHBIX KOMIIOHEHTOB K YHCIIY OCHOBHBIX:

n+1
R=— 3
. (3)
CDyHKLII/II/I OTKJIMKA Ha CGOI/I, TAaKHUE KaK (byHKLII/IH BOCCTAHOBJICHUA R(t), OIIMCBHIBAIOT BEPOATHOCTH
TOT'0, YTO CUCTEMaA 6yI[eT BOCCTAHOBJICHA B TCYCHHUC BPEMCHHA t mocie oTkaza:

R(t) =1-P(t) (4)

Jlpyrue MeTpHuKH, Takue Kak Ko3((ULIHEHT JOCTYNMHOCTH A, MOKa3bIBalOT, HACKOJIBKO JIOJITO
crcreMa ocTaércsi B paboueM COCTOSHUM, U PaCCUUTBIBAIOTCS 10 popmyIie:

_ MTBF
~ MTBF+MTTR

()

DTOT MoKa3aTellb MOKa3bIBAET, HACKOJIBKO JI0JITO CUCTEMA OCTAETCs B pabodyeM coCTOSTHUM. Takum
00pa3oM, UCIOIB30BAHUE ITHX MAaTEMATHYECKHUX ITOKa3aTeNed MO3BOJSET OOBEKTHBHO OIICHUTH
YCTOMYMBOCTh CUCTEMBI U MTPEJICKa3aTh €€ MOBEJCHUE B YCIOBUAX PA3JIMYHBIX YIpo3 U cOOEB.

B nporniecce ananm3a CymecTBYIOMINUX METOAOB OIIEHKH YCTOWYHMBOCTH WH(POPMAIIMOHHBIX CUCTEM
(MC) kputndeckn BaKHBIX 00beKTOB HHGpacTpykTypsl (KBOW) BBIABIEHBI HECKOIBKO KIIOYEBBIX
po0JeM, TPEeOYIOMIHUX pelIeHus. DTU TPOOIEMbI BKIIFOYAIOT HEIOCTATOUHYIO HHTETPALIMIO METOIOB,
OrpaHUYEHHBbIE BO3MOXKHOCTH IPOTHO3UPOBAHMSA, HEAOCTATOUHYIO aJalTHUBHOCTh CHUCTEM U
CIIO’)KHOCTH B YIIPABJICHUU B3aUMO3aBHCUMOCTSIMH.

OnHa W3 3HAUMTENBHBIX MPOOJEM 3aKIOYaeTCs] B HEAOCTATOYHOM HMHTErpalM pPazIMuHBIX
METOIOB OIEHKH yCTOWYMBOCTH. MHTErpamus JaHHBIX U3 pa3IMYHBIX UCTOYHUKOB U KOMIIOHEHTOB
CHCTEMBl MOXET OBITh CIIOKHOW 3ajmaueil. IIpumepoM CIy)KUT aTaka Ha CHCTEMY YIpaBJIECHUS
anekTpodHeprueit B Ykpamne B 2015 romy, korma mpoOnemMbl C HWHTETpalUedl JaHHBIX H
MOHUTOPUHIOM MPUBEIH K 3HAUUTENbHBIM cO0sM [18]. [lns pemenus sToit npodiaemsr Smith & Lee
(2021) pexomeHAYIOT pa3pabOTKy YHUDHUIIMPOBAHHBIX MPOTOKOJIOB OOMEHA [JaHHBIMH U
MHTETPALMOHHBIX TIATPOPM, KOTOPBIE MOTYT YIYYIIUTh B3aUMOJCHCTBUE MEXIY KOMIOHEHTAMHU
CHCTEMBI U TIOBBICUTH €€ YCTOWYHBOCTb.

Yacto NpUMEHSETCs] TOJBKO OAMH METOJ|, YTO OrPaHMYMBAECT BO3MOXKHOCTH KOMILIEKCHOTO
aHanu3a. Hampumep, aHanmW3 pPUCKOB W yrpo3 MOXKET HE YYHTHIBATH pE3yJAbTaThl CTpecc-
TECTUPOBAHUS WM MOJETUPOBAHMS, YTO NPUBOJUT K HEMOJHOMY IMOHMMAHHUIO YS3BHUMOCTEH
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cucrtemsl. MccrnenoBanne Liu et al. (2023) noguepkuBaeT HEOOXOAUMOCTh KOMIUIEKCHOTO MOAX0/1A,
r7ie METOJIbl MAIIMHHOTO OOY4YeHHsS] MHTETPUPYIOTCS C TPATUIMOHHBIMH METOJAMH aHalu3a Jyis
MoJTy4eHus: 0oJiee TOYHBIX IMPOTHO30B M YIydllIeHUs ycToiuuBocTH [16]. UToObI mpeononers 3Ty
npobieMy, HeOOXOAUMO pa3paboTaTh M BHEAPUTH WHTETPUPOBAHHBIE MOJEIH, KOTOpbIE OyayT
YUUTBIBATh PE3YJIbTATHI PA3ITUYHBIX METOJIOB OLIEHKHU, oOecneunBasi 0ojee MOJTHOE U KOMIUIEKCHOE
MMOHUMAaHHUE CUCTEMBI.

MHorue Merozbl, TaKME€ KaK CTPECC-TECTUPOBAHUE U MOJEIMPOBAHHUE, UMEIOT OIPAaHUYECHUS B
00JIaCTH TPOTHO3UPOBAaHUS OyIyIIMX Yrpo3 M PUCKOB. DTH METOJAbI YacTO OCHOBBIBAIOTCA Ha
UCTOPUYECKUX JaHHBIX, KOTOpPbIE MOTYT HE YYUTHIBATh HOBBIE W HE IMPEACKA3yeMbIE PHUCKH.
Hanpuwmep, B oOnactu BonmocHaOxeHus, uccienoanue Garcia et al. (2023) mokasbiBaer, 4TO
TPaJULIMOHHOE MOJEIUPOBAHME HE BCErJAa MOXKET YYHUTHIBaTh HM3MEHEHUS B KIUMare H
neMorpagpuuecKiuX TeHICHIHSIX, KOTOPbIE MOTYT CYILIECTBEHHO HOBIHUATH HA YCTOHYUBOCTD CUCTEM.
B otBeT Ha 370, HiccnenoBanue Zhang et al. (2022) npenaraet uCIoJib30BaHUE METOI0OB MAIIMHHOTO
00y4eHHs 1151 TIOBBIIIEHHSI TOYHOCTH MPOTHO30B PUCKOB B SHEPTETUYECKUX CUCTEMAX. DTHU METO/bI
MOTYT aHAJIU3UPOBATH OOJBIIHE 00BEMBI IAHHBIX U BBISBIISITH AaHOMAJIUHU, KOTOPBIE MOT'YT YKa3bIBaTh
Ha moTeHIManbHbie yrpo3bl [19]. ITostomy HeoOXomauMo pa3padareiBaTh 0ojice JAUHAMHYHBIC W
a/IalITUBHBIE MOJIETH, KOTOpble OyAyT YYMUTHIBATH HE TOJBKO HCTOPHUYECKHE JaHHbIE, HO U
BO3MO>KHbIE Oy/1yIIMe U3MEHEHHUS U CLICHApUU.

Jpyroii mpobnemoii sBiseTcs HEAOCTATOYHAs aIallTUBHOCTH CYIIECTBYIOUINX CUCTEM K HOBBIM
yrpo3aM UM M3MEHEHUSIM B OKpyxkaromed cpene. CucreMbl 4YacTo IPOEKTHPYIOTCS €
(UKCUpPOBaHHBIMU TIApaMETPaMH M HE MOTYT OBICTPO aJanTHPOBATHCS K HOBBIM YCJIOBUSM WU
yrpo3am. Pa6otsr Brown et al. (2022) moka3pIBarOT, 9YTO CUCTEMBI, HE 00JIAJAIONINEe THOKOCTHIO H
BO3MOXXHOCTBIO aJIalTallii, MOTYT CTaTh YS3BHUMBIMU B YCIOBHUSX OBICTPO MEHSIOLIUXCS PUCKOB.
Pemrenuem 310ii mpoOIeMbl MOXKET CTaTh BHEAPEHUE aIalTHBHBIX CUCTEM, KOTOPBIE MOTYT H3MEHSTh
CBOM IMapaMeTphl U CTPATErHH PEarupoBaHMsl B 3aBUCUMOCTHU OT TEKYILUX YCJIOBUN U YIpo3.

KBOM uacTo cOCTOAT M3 CIO0KHBIX CETEH B3aMMO3aBUCHMBIX KOMIIOHEHTOB, U COOHM B OJHOM
KOMIIOHEHTE€ MOTYT MMETh KacCKaJHble IMOCIEeACTBUS A Bcel cucteMsl. [Ipobnema ynpaBneHus
B3alMO3aBUCUMOCTSIMU OCOOEHHO aKTyallbHa JJIsi TPAHCIOPTHBIX M SHEPreTHMUECKUX CHUCTEM, IJe
cOOM B O/THOM Y3JI€ MOT'YT 3aTPOHYTh MHOKECTBO JIPYTUX y3JI0B ¥ IPUBECTH K 3HAUUTEIBHBIM COOSIM.
UccnenoBanne Martinez (2021) mnopuepkuBaeT, 4YTO NOHMMAaHHWE M YIOpPaBJIE€HUE OSTUMU
B3aMMO3aBUCHUMOCTSAMU SIBISIOTCS KPUTUYECKMMU AJIsi oOecredeHns ycToiunuBocTH. s perienus
9TOM TpoOseMbl HEOOXOAUMO pa3pabaThiBaTh METOJbl AaHaIM3a B3aUMO3aBHCHMOCTEH W
UCMOJb30BaTh WX JJIS CO3/IaHUs CTpATEeTHil ynpaBleHMs, KOTOpble OyIyT YYUTHIBaTh BO3MOXKHBIE
KackasiHble 3 (PEeKTHI.

Hepenxo cymiecTByromue METOABI HE YYUTHIBAIOT CJIOKHBIE B3aMMO3aBHUCHMOCTU MEXIY
KOMITOHEHTaMH CHUCTEMBI, YTO MOXET MPUBOJIUTH K KaCKaJaHbIM cOosM. [Ipumepom siBisieTcst ataka
Ha cucteMy BojocHaOxkeHus B CugHee B 2016 roty, rie HEJOCTAaTOK y4yeTa B3aMMOCBSI3€H MpUBET K
MacmtabaeiM cOosim [20]. Jlnmst pemenust 3toii mpooimemsr Miller et al. (2023) mpennarator
UCMOJIb30BaTh METOJbl CHUCTEMHOIO aHalu3a JUIsl MOJETUPOBaHMS B3aMMO3aBUCUMOCTEH, YTO
MO3BOJISIET BBISIBUTH MOTEHIMATIBHBIE KAaCKaIHbIE COOH U YITYYIIUTh YCTOMYUBOCTH CHCTEMBI.

KBOMH uacTo UMEIOT CII0KHbIE B3aUMO3aBHUCUMOCTH, KOTOpPbIE YCIOXXHSAIOT OI[EHKY MX 00mIei
ycroiuuBocTu. [IpumMepoM city’kut c00il B KOMMYHUKAITMOHHOMN CHCTEME B a3pONOPTYy XEIbCUHKH B
2019 rony, KOTOpPBIi MOKa3al, Kak BHICOKHE B3aUMO3aBHUCUMOCTH MOTYT MPHUBECTH K TI00aTbHBIM
coosim [21]. B oter Ha 310 Johnson & Roberts (2022) pekOMEHAYIOT MPOBOIUTH KOMIUIEKCHBIC
OLIEHKU B3aUMO33aBHCUMOCTEH W MHTErpallMOHHBIX TECTOB, YTO IO3BOJIAET BBIIBUTH YSI3BUMOCTH M
VIYYIIATh YCTOWIHBOCTh CHCTEMBI.

B cayuae unnunentoB KBOM Moryt crankuBarbesi ¢ mpoOieMaMu OrpaHUYEHHOCTH PECYPCOB
utst BocctanoBieHus. [loxkap B mara-nientpe Amazon Web Services (AWS) B 2019 rony mokasan,
KaKk HEJIOCTaTOK PECypcOB MOXKET MPHUBECTH K JUIMTENBHBIM mpoctosim [22]. Davis et a. (2021)
npeasaraT pa3padoTKy CTpaTeruil U MJIAHOB MO PacHpeeNIeHNI0 PECYPCOB AJisi BOCCTAHOBIICHHUS,
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YTO TIO3BOJSIET MUHHUMM3HPOBATh BpeMsl TpocTost M obecreunth Oojee 3 dexkTuBHOE
BOCCTAHOBJICHHE CHUCTEM.

Peaknus Ha HempeIBUICHHBIE MHIIMEHTHI TpeOyeT ocoboro noaxonaa. Yparan "Karpuna" B 2005
ro/1y IPOJIEMOHCTPUPOBAJ IPOOIIEMBI C peaKIiell Ha Ype3BbIUaiiHbIe COOBITHS, YTO IPUBEIIO K COOSIM
B uH(ppactpykrype. Williams & Green (2023) mpennaratoT pa3pabOTKy aJaNTHBHBIX ILIAHOB
pearnpoBaHMs Ha YpE3BBIYAHBIC CUTYAIlMU, KOTOPbIE MOTYT OBITH OOHOBJICHBI B 3aBUCHMOCTH OT
HOBBIX YIpO3 U U3MEHEHUH B YCIIOBHSIX 3KCIUTyaTallld, YTO MO3BOJSET YIYUIIUTh aJallTUBHOCTh U
YCTOMYUBOCTbh CUCTEMBI.

JIns pemieHust BBIBICHHBIX TPOOJEM NpEAaraioTcsi CJlEAyIOINe KPUTEPHH OLCHKH
YCTOMYMBOCTH, OCHOBAaHHBIC HA CHCTEMHOM TOJXO0/IE.

1. Wurerpauuss MeTOJOB, BaXXHO pa3pabaTbiBaTh HHTCTPUPOBAHHBIC IOAXOIBI, KOTOPBIE
OOBETUHSIOT PE3yIbTAaThl PA3IUYHBIX METOJOB OLIEHKH YCTOWYMBOCTH. DTO IMO3BOJHUT MOJIYYHUTH
OoJiee TOJIHOE W TOYHOE MPE/ICTABICHUE O CHCTEME M ee ys3BHMocTsaX. Hampumep, komOuHamms
aHaJM3a PUCKOB, CTPECC-TECTUPOBAHUS M MAIIMHHOTO OOYUEHHSI MOXKET O0ECIIEYNTh KOMILJIEKCHOE
NOHUMAaHHE yIPo3 U YA3BUMOCTEH.

2. AJanTUBHOCTH CHUCTEM, KPHUTEPHEM YCTOHYMBOCTH SIBISETCS CHOCOOHOCTH CHUCTEMBI
a/lalITUPOBATHCS K HOBBIM YCJIOBUSM M yrpo3aM. CHCTEMBI IOJDKHBI OBITh CHPOEKTUPOBAHBI TAKUM
00pa3om, YTOOBI OHM MOTJIA THOKO U3MEHSTH CBOM TTApaMETPHI M CTPATETUH B OTBET HA U3MEHEHHUS B
OKpY’KalOIIeH cpeie U HOBBIC YTPO3BL.

3. AHanu3 B3aMMO3aBHCHMOCTEH, JUIsl 0OECleYeHUs] YCTOHYMBOCTH HEOOXOAWMO YYHUTHIBATH
B3aMMO3aBUCHMOCTH MEKIY KOMIIOHEHTaMU CUCTEMBI M pa3padaThiBaTh CTPATETUH IS YIIPABICHHUS
KacKagHbIMH  d(QdexTaMu. ITO BKIIOYaeT B ceOS HCIONB30BAaHHE METOJOB  aHAIHM3a
B3aMMO3aBUCHMOCTEH M CO3/JaHNE CTPATETHid, KOTOPBIE YUUTHIBAIOT BOZMOKHBIE TIOCIIEACTBHSI COOEB
B PA3JIMYHBIX YaCTSIX CHCTEMBI.

4. JluHaMHYHBIE MOJENH TPOTHO3MPOBaHHA. KpHTEepHeMm OLEHKH YCTOMYMBOCTH SIBISETCS
WCTOJB30BAHNE JWHAMHYHBIX W QJAlTHBHBIX MOJIENEH TPOTHO3HPOBAHUS, KOTOpPHIE MOTYT
YUUTHIBaTh HE TOJBKO UCTOPUUECKUE IaHHBIE, HO U MOTEHIHAJIbHBIE OYAyIIHe U3MEHEHUS U PUCKU.
3TO MOMOXKET YIIYUIIHTh TOYHOCTH TPOTHO30B M TIOBBICUTH YCTOWYMBOCTH CUCTEMBI K HEOKHTAHHBIM
yrpo3am.

5. Peanmsanus u TecTHpOBaHKE TUIAHOB pearnpoBaHus. BaXHBIM KpUTEpUEM SBISIETCS] HATMYUE U
peryisipHOe TeCTUPOBaHUE IJIAHOB PEarMpoOBaHUs Ha MHIUIEHTH M BOCCTAHOBIJIEHHUE M1OCIIE aBAPHIA.
OTH TUTaHBI JOJDKHBI OBITh aKTYaJIM3MPOBAaHBI B COOTBETCTBHM C M3MEHSIOMIMMUCS YCIOBHAMHU H
yrpo3amu, 4To0b1 obecnednTs 3P PeKTUBHOE pearnpoBaHie 1 MUHUMH3AIMIO yiepoa.

OTH KpUTEPUH, OCHOBAaHHBIE HA CUCTEMHOM TOJIXO0/I€, IIOMOTYT YJIYYIIUTh OIIEHKY U MOBBIIICHUE
ycrounBoctd MC KpUTHYECKM BaXKHBIX OOBEKTOB HMH(pacTpykTyphl, oOecrneuuBass Ooiee
HA/ICKHYIO 3aIIUTY OT PA3JIMYHBIX YIPO3 H PHCKOB.

3ak/ro4yeHue

B xone nanHoro uccnenoBaHus ObUIM PacCMOTPEHBI KIIFOUEBbIE aCMEKThl OLIEHKH YCTOHYHUBOCTH
nHpopmanroHHbix cucreM (MC) kputndecku BaxHbIX 00beKTOB HHGpacTpykTypsl (KBOW), a Takke
BBISIBIIEHBI OCHOBHBIE ITPOOJIEMBI U MPEITIOAKEHBI KPUTEPHH JUTsl MX perieHust. O030p CylecTBYIOMINX
METOJIOB, TAKMX KaK aHAJIU3 PUCKOB, CTPECC-TECTUPOBAHKE, MOICTUPOBAHUE U CUMYJISIMS, a TAKXKe
aHaJIN3 OTKa30yCTOMUYMBOCTH M YIPABJIEHUE MHUUIAECHTAMHU, POJIEMOHCTPUPOBAI UX 3HAYUMOCTDH B
oOecrieueHny Haae)xHocTH 1 O0e3omacHoct KBOU.

OOHapyxeHHbIE MPOOJEMBI, TaKHE KaK HEJI0CTaTOYHAas MHTErpals METO/OB, OrpaHHYEHHbIE
BO3MOXXHOCTH IPOTHO3MPOBAHMS, HEAOCTaTOYHAs AaJalTUBHOCTh CHCTEM M CIIO)KHOCTH B
yIIpaBJIEHUH B3aWMO3aBHCUMOCTSIMH, MOJUYEPKUBAIOT HEOOXOIUMOCTh KOMILIEKCHOTO IMOJIXOAa K
OlLIEHKE yCTOMYMBOCTH. BaxHO, 4TOOBI METOJBI OLIEHKH HHTETPUPOBAIUCH APYT C JIPYrOM, UTO
MO3BOJIUT MOJIYYUTh OOJiee MOJIHOE M TOYHOE NPEACTaBICHUE O cHcTeMe. AJaNTHBHBIE CHCTEMBI,
KOTOpbIE€ MOTYT HM3MEHSTh CBOM MapaMETpPbl B OTBET HA HOBBIE yrpO3bl, U JMHAMHYHBIE MOJEIU
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MPOTHO3UPOBAHMS, YUYUTHIBAIOIIME KaK MCTOPUYECKUE, TaKk M OyayliMe pHUCKH, SBISIOTCS
KPUTHYECKHMH JJIs1 IOBBIILIEHHS YCTOMUMBOCTH.

[IpennokeHHbple KpUTEPUM OLIEHKM YCTOMUMBOCTH, OCHOBAHHBIE HA CHUCTEMHOM IIOAXOJE,
BKJIIOYAIOT MHTETpalldl0 METOJO0B, aJalTUBHOCTh CHUCTEM, aHalu3 B3aMMO3aBUCHUMOCTEH,
HCI0JIb30BaHNE JUHAMMYHBIX MOJIETIEN MPOTHO3UPOBAHUS U pealIN3allfIoO IIAHOB PEarupoBaHus Ha
WHIUJICHTBI. DTH KPUTEPUU IOMOTYT obecrneunTh Oosee HaaexkHyro 3amuty KBOU, ynydmas ux
CIOCOOHOCTH CIIPABIISATHCS € PA3IMUYHBIMU YIPO3aMH U PUCKaMHU.

B 3akmouenue, yenemnoe obecnieuenue ycroiunBoctd KBOU TpeGyeT KOMIUIEKCHOTO MOAX0a,

KOTOpbI OOBEIUHSET pa3IuyHble METOAbl M YYMTHIBAET YHUKAJIbHBIE XapaKTEPUCTUKU U
noTpeOHOCTH  KaX/I0i cucTteMbl. BHeapeHHe MNpeAoXKEHHBIX KpUTEpUEB U pa3paboTKa
MHTETPUPOBAHHBIX MOJEIEH OLEHKH YCTOMYMBOCTH OyayT cHocoOCTBOBaTh 0ojiee HaJEKHOMY
(YHKIMOHUPOBAHUIO KPUTHYECKH BAXKHBIX OOBEKTOB W OOECHEUCHHMIO HX 3alIUTHl  OT
HNOTEHIHAIIbHBIX YTPO3.
[Iponomxenue uccieroBaHUM B ATOM 00JacTU JOJDKHO COCPEAOTOUUTHCS Ha pa3pabOTKE HOBBIX
METO0B U MHCTPYMEHTOB, KOTOpbIE Oy1yT aAanTUpOBaThCs K OBICTPO MEHSIOLIMMCS YCIOBUAM U
HOBBIM yrpo3aM. BaskHO Taxke yJensTh BHUMaHUE MPAKTHYECKOMY IPUMEHEHUIO Pa3padOTaHHBIX
METOZI0B U KpUTEpUEeB, 4TOObl oOecreunTh HUX 3(P(HEKTUBHOCTH U NPUMEHUMOCTh B PEAJIbHBIX
ycinoBusX. TecHOe COTPYIHHUYECTBO MEXKAY HAYYHBIM COOOIIECTBOM M MPAKTUKAMH B 00JacTH
yIpaBlieHUs] UHOPACTPYKTYpOH IOMOXKET co37aTh Oosiee YCTOMUMBBIE M Ha/EKHbBIE CHUCTEMBI,
CTIIOCOOHBIE CIIPABIISATHCS C BBI30BAMH OYIYIIETO.
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HBIOTOH/IBIK EMEC CYMBIKTBIK IIIIMI YIITH dKAJIFAH AMMAKTAP
SJICTHTH MOIN®UKAUSACHI

Anoamna

By xymbIcTa ymenmeMal mEHEAreH aiMakTa HBIOTOHIBIK €MEC CYMBIKTBIKTBIH CTallMOHAPJIBIK €MeC
CBI3BIKCHI3 TIIIMI VIIH YIKeH KO03()(QHUIMEHTTepMEeH >XalIFacThIPBUIFaH JKaJfaH aiiMakTap oficiHiH Oip
MOIUUKANUACHL KapacThlpbuiaabl. byn Momudukamus a3 [maManbl mapaMeTpre TOyenai JKoHe
KeHEUTINreH(>KkaFaH) aiiMaKTa aHBIKTAIIFaH KOMEKIIIL ecell TypiHae OepinreH. AJl aTalFaH HRIOTOHBIK eMec
CYMBIKTBIK MIMITiMi OacTamKpl ecen peTiH/e anbiaFaH. JKYMBICTBIH MaKcaThl — KOMEKIII eCenTiH Kauai na oip
nrenriMepiniy 6ap 60Iybl MEH a3 miaMaibl apaMeTp/iH HeJre YMTBUIFaH Ke3iH/le 0acTanKbl eCenTiH colikec
HICIIIMIHE KMHAKTATYBIH JQJICICY JKOHE MICIIMIICP/iH JKMHAKTAIY KbUIIAaMABIFIH amy. CoHbIMEH, Oy
YKYMBICTa KOMEKIIII €CeTITiH KalllbllaMa MIemriMiHiH 0ap 00Iysl MeH 0acTanKhbl €CENTiH COWKec JKajbuiaMa
HICIIIMIHE KUHAKTATYBI JOJICIICHTeH. AJT KYIITI MISIIIMIEP YIIIiH jKaJFaH ailMaKTap 9/1iCiHIH «KJIaCCUKAIIBIK)
TYPIMEH CaJbICTBIPFaH/Ia JKOFaphl )KUHAKTATY XKbUIJAM/IBIFBI alblHFaH. MyHJIa Heri3ri 3epTTey ojicTemMeci —
anpuopsl Oara amy, ['anepkuH amicTepi.

Tyiiin ce3nep: xarraH aiiMak, jKajrbUIaMa IIENIiM, allproOpIsl Oaranap, HBIOTOHMBIK €MeC CYHBIKTHIK,
KUHAKTATY KbUIIAMJIBIFBI.

A.A. Kpeiknaesa®, )K.b. Baiitynenos?
Bocrouno-Kasaxcranckuii Texanueckuii yausepcuter um. JI. Cepuxbaesa,
r.Ycre-Kamenoropcek, Kazaxcran
2Kasaxckuii HallMOHAIBHEIN YHUBEpCUTET UM. anb-Dapabdu, r.Anmarel, Kasaxcran
MOJIU®PUKALIAA METOJA ®UKTUBHBIX OBJIACTEM JIJIS1 MOJAEJIH

HEHBIOTOHOBCKOM )KHJIKOCTH

Annomayus

B nannoit pabore paccmatpuBaetcss MoAudUKalus MeToa QUKTUBHBIX 00JacTeil ¢ MPOJOIHKEHUEM T10
cTapmiuM Kod(pQUIMEHTaM JJIi HECTAI[MOHAPHON HEIMHEWHON MOJEIM HEHBIOTOHOBCKOHM JKUIKOCTH B
OrpaHMYEHHON TpexMepHoi oOnactu. JaHHas MoxuduKalus AaeTcsl B BUAE BCIOMOTAaTEIbHOM 3ajaudl ¢
MaJbIM TapaMeTpoM M B pacIIMpeHHON((UKTHBHOI) oOnacTH. A MoOJelb HEHBIOTOHOBCKOW 3ajauu
paccMaTpuBaeTcsi Kak McXojAHas 3anada. Llens paboThl — OKa3aTh CyNIeCTBOBAHUE KAaKWUX-IHOO perieHun
BCIIOMOTATENbHOM 3aayMl M HX CXOIUMOCTb K COOTBETCTBYIOIIMM DELICHUSM HCXOAHOW 3aJadd NpHU
CTpPEMJICHMHM MaJloro IapaMeTpa K HYyJI0. 37ech J0Ka3zaHa CYLIECTBOBaHUS OOOOIIEHHOIO peIIeHUs
BCIIOMOTATEJbHOM 33/1a4¥ ¥ €r0 CXOJIUMOCTh K COOTBETCTBYIONIEMY PEIICHUIO MCXOIHOMW 3amaun. Bmecte ¢
TEM, JUIA CHJIBHOTO PELICHUS! MOJIydeHa OLEHKa CKOPOCTH CXOIMMOCTH Oojiee BBICOKOIO MOpsIKa, IO
CPaBHEHHIO C «KJIACCHYECKHM) BapUaHTOM MeTO/1a QUKTUBHBIX 00nacTeil. OCHOBHBIE METO/IBI MCCIIEIOBAHUS
— METO/IbI AIPHOPHBIX OICHOK U [anepkuHa.

KirouesBblie cioBa: pukTuBHAs 001acTh, 0000IIEHHOE pElICHUE, allPUOPHAsT OIIEHKA, HEHBIOTOHOBCKAS
KHUJIKOCTh, CKOPOCTh CXOJUMOCTH.
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MODIFICATION OF THE FICTITIOUSDOMAIN METHOD FOR A NON-NEWTONIAN FLUID
MODEL

Abstract

In this paper, we consider a modification of the fictitious domain method with continuation in terms of
leading coefficients for a non-stationary nonlinear model of a non-Newtonian fluid in a limited three-
dimensional domain. This modification is given as an auxiliary problem with a small parameter and in an
extended (fictitious) region. And the model of the non-Newtonian problem is considered as the origina
problem. The purpose of thiswork isto prove the existence of any solutions of the auxiliary problem and their
convergence to the corresponding solutions of the origina problem as the small parameter tends to zero.

Here we prove the existence of a generalized solution of the auxiliary problem and its convergence to the
corresponding solution of the original problem. At the same time, for a strong solution, an estimate of the rate
of convergence of a higher order is obtained, in comparison with the "classical" version of the method of
fictitious regions. The main research methods are the methods of apriori estimates and Galerkin.

Keywords: fictitious domain, generalized solution, a priori estimation, non-Newtonian fluid, rate of
convergence.

Heri3sri epeskesiep

Byn OKYMBICTBIH HETI3TI HMIEACHl — JKaJFaH alMakTap oJICTEpiHIH KaHmai-ma Oip
apTHIKIIBUIBIKTAPEI 0ap MOIUQPUKANMSIAPBIH TYPFBI3Y JKOHE HETI3/Iey, OJIApAbl MAaTEMaTHKAJIBIK
(bu3HMKaHBIH MPAKTUKAIBIK MaHbI3bI 0ap KYPAEi, ChI3BIKCHI3 MilTiMAepiHe Koaany. MyHaa oceiHaai
0ip B -momudukamus OJapoia TYpili HBIOTOHABIK €MEC CYWBIKTHIKTBIH CTaIllMOHAPJIBIK eMecC
CBI3BIKCHI3 MillIIMiHE KaJmblIaMa GYHKIUsIIap KEHICTIr YUIiH Heri3aenei. byn MoaudbukanusHbig
apTHIKIIBUIBIFBI — JKaJIFaH aiiMaKTap 9MICiHIH OENTiji TypiiepiMeH CallbICThIPFaHAa MIEHIMIep YIIiH
AHAFYPJIBIM KOFAPhI JIOPEIKEII KHUHAKTATY JKbUIIaM/IbIFbI AJIBIHFAH.

Kipicne

Kanran aitmakrap omici (OKAO) mareMaTuUKabIK (PU3MKAHBIH MAaHBI3ABl €CeNTepiHe Kul
KOJIIaHbUIAThIHBI Oenrimi. byn omic OolibIHIIA KOMakThl MamimeTrtepAi [1] »kymbIchiHaH TaOyFa
oonmanpl. JKAO-HIH TEOpPUSIIBIK HETi3eMeci, jJepOec karmaiiia, IENNMACPIIH >KUHAKTaTy
KBUIIAMIBIFBIH  anyAbl KamMTuibl. COHIBIKTAH, HEFYPIBIM JKOFAphl JOpPEXKENl >KWHAKTaTy
KBUTAMJIBIFBIHA M€ JKaJlFaH aliMakTap SJICIHIH TYpJepiH jkacay MaHbI3Jbl Oonbin kenedi. Ocbl
OaFpITTaFbl JKaJFaH aliMakTap OMICIHIH kaHa Oip MoaudUKaIMACHl anFail per [2] >KYMBICHIHIA
YCBIHBULIBL. MyH 12 niekapacsl S 6oaTbin Q < R® aliMarbinjia Oepiiren

CBI3BIKTBI JUIMITUKANBIK TeHAEYAIH Jupuxie eceOl YIIiH YIKeH KOA(pQHUIMEHTTep OOMbIHIIA
KaJIFACTBIPBUIFAH JKAJIFaH aiiMakTap 9fici mekapacsl S (S N S=0) 6onarein Q > D aiiMarbiHIa

div(K* (v vve )= ¢, v

1 ecep XeQ,

| oV
=0 [].=0 {Ké(vé)ﬁ}kzo, £>0

o | . |LxeQ,
KAV )=y = 0<p<lerepxeD,=D/Q, "= 0,xeD,’
1 1

g”Vv“‘ i(Dl)
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[]|S - S-Teri yiueciMAUTiK MIapThl, KeMeKmn ecedi Typinae Oepinren (S - monudukamus). [2]

YKYMBICBIHIa OCBI €CeTl YIIIH XKablIama menrimMaepidiy 6ap 007y MEH )KUHAKTBUIBIFBI JIOJICIICHTCH,
COHBIMEH Oipre memimMziep Y

KOFapbl JOPEKeEITi )KUHAKTATY JKbUIIAM/IBIFBI aIbIHFaH (aBTOPJIAP OHBI «CYNEPKHHAKTAITY» JIETl
araraH). AiiTa ketep xait, £ =0 ymin 0y ecen JKAO-HIH «KJIaCCHKAIIBIK) TYpiH Oepei )KoHe OHla

Vi —V|o <Ce"? 5 g”, p—160nca

wiQ) —

«CH KaKCbD» )KUHAKTAJY XblJIAaAMIbIT'bI

Ve —V <Cs.

L(Q)

Ooutbin TaObLIA B [3].

Enni Oyn OarpiTrarel  inrepi  3eprreynep KAO-HIH aranraH B -  MOAU(DHUKAIUSCHIH
MaTEeMATHKAIBIK (U3UKAHBIH, OHBIH IMIIHAC THUIPOAWHAMHUKAHBIH, CBI3BIKCHI3 MOJCIICPiHE
KOJ1aHbIM, memmiMaepaid JKAO-HiH 6acka TypiepiHe KaparaHa aHaFypJIbIM Te3 KHHAKTaJIaThIHbIH
KOPCETY/Il KOKET eTEe/Il.

byn yceiHbUIBIN OThIpFaH >kymbicTa JKAO-HIH ocbkl S -monudukanuscel Ongpoia Typii
HBIOTOH/IBIK €MEC CYHBIKTBIKTBIH CTallMOHAPJIBIK €MEC CBI3BIKCHI3 IMIIIMI YIIIH KOJIJIaHYbI
Heri3zenei, sFHu Kanaaii-na 6ip memimMaepinid 6ap 00aybl MEH KUHAKTATYBI TOJIETIE/ICHI, Colikec
KOFapbl JIOPEkKEN IKUHAKTATY JKbUITAMJIBIFBI ajblHAIbl. AWTa KETCEK, HBIOTOHJIBIK eMecC
CYMBIKTBIKTBIH ~CTAIMOHAPJBIK CHI3BIKCHI3 IMIIIMI YIIIH JKaJFaH alMakTap oJIICiHIH OCBI
MOTUGUKAIMACHIHBIH  [4] JKYMBICBIHAA YIKeH KodpduuueHntrep, anm [5] enOeringe Kimi
kod(urmenTTep OONBIHINA XKATFACTHIPBUIFAH TYPJIEPl HET13/IeTCH.

3eprTey dicHaMachl

1. bBacmanxkpl ecenmiy KOUbLIbIMbL

ConbiveH, [0,T|xQ aiimarbinga, R®SQ - menenren, Onapoiia Typili HBIOTOHIBIK €MEC
CBIFBIIMANHTBIH CYWBIKTBIKTBIH CTAIIMOHAPIIBIK €MEC ChI3bIKChI3 Oip MIMIiMiH KapacThIpaibK [6]:

Re(v, +(V-VIV)+VP=(1-a)Av+V-S+ f, (1)
S+We(S +(v-V)S) = 2aD, 2
diw =0, ©)

6aCTaHKLI'HIeKapaHBIK HIapTTapsbl
VL:O = VO(X)’ qtzo = S)(X)’ V|G = O’ (4)

myHna: te[0,T], xeQ, v=v(t,x)— CYHBIKTBIKTBIH *BULIAMIBIK BEKTOPHI, P = P(t,X)- KBICBIMBI,
S=S(t,x)- KepHEy TEH30pBIHBIH cepmimai Oemiri, D= (VV+(VV)T )/2 —  nmedopmanus
KBITAMIBIFBIHBIH TEH30PJIBIK QYHKIUACH, Re=uL/y xoHe We = A,u/L - coiikec PeiiHonbac xKoHe
BencenOepr cannmapbl, o =1-1,/A, - CaHABIK MapaMeTp, A,- pelakcalus yakbITbl, A,- KEIIiry
yakbIThl, 0< A, <A,. U,L- MmIIiMHIH MIHE3AEMENIK XbUIAAMABIFEI MEH eojmemi, f = f(t,x) -
MaccaJblK KYIITEP BEKTOPHI.

[7] xymbiceiana (1)-(4) eceOiHIH MIEMIIMAUTITT KaNMbLUIbIMa (QYHKIUSJIAD KEHICTITIHIAE >KaH-
KakThl 3epTTeninred. An [8] »xymbicbiHaa (1)-(4) ecebi yuriH yiakeH kodpduuueHTrep O0HBIHIIA
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KAJIFACTBIPBUIFAH JKaJFaH aliMaKTap QJICIHIH IIAPTTHI TYPJE «KJIACCHKAJIBIK» JIEN aTalaThlH TYpi
HETi3/Ie/ITeH JKOHE KYIITI MM YIITiH

Ve —V \VARSAY

LoT@)

. _ %
+|S q|Lw(O,T:L2(Q)) =Ce’” (5)

LZ(O,T;Wzl(Q)) |

’KMHAKTAJTY JKbIIIaM/IBIFBI Oarachl ajbIHFaH.
biznin xymbicta 3eprreneridn JKAO-HIH MomuduKanuscel yuiH (5)-eH calbICThIPFaHaa
aHaFYPIIBIM XKAKCHI Oara abIHAbI.

2. Kemexuwi ecenmiy Kotiblibimbl

Xanran aiiMakrap omici umesceiHa coiikec, (1)-(4) merisri ece6i ymin [0,T]xD, aiimarbinja,
D, o Q, KeJeci KeMeKI ecell TypiHae OepuireH yiakeH Kod(p(UIUMEHTTEPMEH KallFacThIPbUIFaH
KAO-HiH 6ip MOAUPHUKAIHUACHIH KapacThIpaMbl3:

Re(V? + (v - VIV )+ VP* = div(K*(vF WV )+ V- + £7, (6)
5 0l + (v Vs )< 220" 0
diw’ =0, ©)

|, =Vvo¥), S| =S (%) v|g =0, 9)

meKapaaarbl YHICCIMIUIIK IIapTTaphl:

] =0, [K(vs)avg —PN+S n} -0, [s°] =0, (10)

on

G
MyH7a: 0< <1, G, - D,aliMarbIHbIH IEeKapacel, G, NG =0, &>0,N— G, meKapacbIHbIH HOPMaJb
BEKTOPHI,

l-a, ecep XeQ,

f(t X) erep XeQ

& — ) ) & & — 1_a

f (t’X {0’ erep XEDl K (V) g”VT, O<ﬂ<1, erep Xe DlZDO/Q,
L2(Dy)

Erep (6)-(10) ecebinne S =0 nmen ancak, onma 0i3aiH ecen KAO-HIH «KIIaCCHKAIBIK» TYPiH
6epeni[5]. Apsl Kapaii Kommameumatein J(D,) kome J'(D,) kemictiktepi [9] ymbIchHIA
CHIIATTAJIFaH.

1-Anvigmama. (6)-(10) xomexwii ecebiniy omcamnvirama wewini den ®(T,x)=0, ¢(T,x)=0

Gonamon  D(t)e Cl(O,T; J'(D, )) sexmop-pynryusicor  men  (t,x)e Cl(O,T;V\lzl(DO )) MEeH30PIbIK
dynKryuscol yuin

.
| { Relv, @, +(v* 'V)‘D)LZ(DO) -(1- a)(VVg7V(D)L2<o) (87 VD), o) +
0

(1,0 + e (V0 V) 1t~ RE{V, () D(0, X)), ) = O (12)
vVl
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TS 0)so ~ V(S (3, + (v - FY)) o P~ (S0,0(0) o~ 2] (D) oyt =0 (12)

0 0

UHmMe2panobiK menOiKkmepiH KAHAa2ammanoblpambiH S°(t,x)e L (0,T;L,(D,)),
ve(t,x)eL, (0,T;3(D,))NL, (O,T; J'(D, )) pynxyuanap sxncyowin aiimaovl. MyHza, MbICaIIBL:

3 3
(s: (o)LZ(DO) = IZ S, - ¢,dx - L,(D,)-na¥rel TeH30pIAp KUHAFEI, (fé',cD)LZ(DO) = IZ feodx - L,(D,)-

Dyl j=1 D i=1

JaFbl BEKTOPJIApABIH cKajsip keOewTinmici. (11) sxone (12)-meri KanFaH Mymiesaepi Ae OChIFaH yKcac
aHBIKTAJIA/IbI.

2-Anvikmama. (6)-(10) xomexwi ecebiniy kywmi wewimi den (6)-(7) menoeyrep owcyiiecine
Kipemin 6apivlk Oepbec myblHObLIAPLIMEH Oipee Keaopammuvl KOCbIHObLIaHamblH dcone (6)-(8)
arcytieci men (9)-(10)wemmix wapmmapoir  [0,T]x D, -0e catikec onwem botiviiuia 6apaviy scepoe
Oepnix Kanasammanowvipamoin V°(t,x), S (t,x), P* (t,X) yuxyusnap mobvin aiimaowt.

Mynna (1)-(4) eceOiniH e colKec mIemiMIepi )KoFapbliail aHbIKTaIa/Ibl.

3. Hezizei Homuoicenep.

by 6enimae kemexkii (6)-(10) ecebinin xanmbiiama mernrimMidig 6ap 6omysl MeH Herisri (1)-(4)
eceOiHIH ColKec allbulaMa MIeHIiMiHe XUHAKTanybl aonenaeHeHai. CoHbIMeH Oipre, >KOFapblaa
aTaJFaH eCenTepAiH KYIITI MIeNIMIEPiHiH )KUHAKTAITY KbUIIAMIBIFbI aTbIHA/IbI.

1-Teopema. Erep f(t,x)e LZ(O,T, L, (Q)J, Vo(x)e 3'(Q), S(x)eCHQ) 6omca, ouma (6)-(10)
5
KOMEKIII eceOiHIH KeM JiereH e 0ip jkalmbuiaMa menrimMi 6ap 60oaibl )KoHE 01 YIIiH

2
L. (0,T;L2(Dg))

2

L. (0,T;L2(Dg

2-p

L2(Dy)

& &

2 ‘ "

dt<C<w (13)

l T
+—||IVVv*

LZ(O,T;WZl(Q)) ) g J;H

Oaranaynapbl OpbIH anajgsl. MyHna »oHe Keiiin ge oprypni C  apkpuibl memiv MeH &
MapaMeTpiHEeH TAyeJIC13 YHUBEPCAIAbl OH MOH/1 TYPAKThIIap/Ibl KaIbUIal Oenriienmis.

Ionenoeyi. Annpimen, (6)-(10) ece6i yurin (13) 6aranapbeIHBIH aJbIHYBIH KOPCETEHIK. (6) TEHIEYIH
vg(t,x) -ke L,(D,)-ne ckansap keGeliTin, maiiza GonaTbiH OpHEKTIH Mymenepin (8)-(9) maprrapsin
€CKEPE OTBIPBIII )KEKEIIE KapacTbIPaMBbl3:

Re 0 Re 0
Re(vf,vg)Lz(Do) =?eED (vg)zdx=7ea \

iz(oo)’ ReDfo("g VN vidx=0, [VP*-vidx=0,

Do

&

Re [div(K*(v*)- vv* )-vedx= - [K* (v Vv Pdx+ [K*(v*)- wv* -n-vedl =
Do Do G

2-p
L(Dy)

U-ahgy

=~ -

IV .S vedx= —IS" - Vvedx.
Do Do
Conpa 613

1—

2 2
+
La(Q) &

L2(Dy)

2-p

Lo(Do

&

Reg

— a ||Vv£
2 ot

+{1-a)vv*

= [f7vidx— [S: Vvidx (14)
) Do Do

TEHIITH ajJaMBbI3.
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Apsl Kapail, (7) TeHaeyin S° -re keOelTin, D, aiiMarbIH/1a HHTETpaJlailbIK:

s

Enni (14) men (15) xocelm, maiiga OojaThiH TEHIIKTIH OH arblH ['empaep, FOHT, THicTimik
TeopeManapbl TEHCI3AIKTEpiH koHe [ poHyoIuT TeMMachiH [9]-1aFbl CUSKTHI KOJAaHa OThIphI, (13)
OaranayiapblH alaMbl3.

ConbimeH Oipre, vg(t, x) yurin (13) GaraaybIMeH Koca KeJieci JeMMa OpbIH aJlajibl:

Jlemma. V6 <(0,T - &) yuin

2 We 0
+__
L2(Do) 2 ot

s

):Za.[D‘T :Sfdx (15)
Do

2
Lo(Do

T-6

l

byn nemmanbiH gonenneyi e [9] CHsIKTHI Kyprizuie.
Teopemanbl apbl Kapait monenaey yuriH [anepkun omiciH Kosmmanambiz[9]. (6)-(10) xemekiri
eceOiHiH memiMaepin

11
Ve (t+8)-ve(t) dt<Cs? 2, C=const>0 (16)

vit)= 2 (o, () a7)

TypiHzae i3aerimi3z. MyHa {a)j (X)} - Lz(DO)-I[e OpTOHOpPMaJIaHFaH Jl(DO) KEeHICTIrHIH 0a3UCTIK

BekTOpIapsl, an « (t) ckansp QpyHKUMsIapbI

L>(Do)

R({ﬁg/ti +(vi -V)\/E,wij Ha-afwi Ve, ), +
l-a

(18)
(Wi, ) i, + (S Ve, ) = () o 121N
NllLa(y)
N
Vi, = Z:(vo(x), o, )a)j, SAFHU aJ.NL:O = (VO(X),a)j ),
an S (t,x) QyHKIMATApHI
£ aSrfl £ £ & &
S +We( ot +(VN 'V)SNJZ 20Dy, Sy o So(x) (19)

eceOlHEeH TaObUICHIH.

(17)-(19) ecebinin memimainiri [7] enGeringe cuaKTs Kopcerinemi. Apsl Kapaid, (18)-1i o] (t)
keOelTin  j =1...,N OoiiblHIIa KOChIHIBIIAcaK xkoHe (19) S -re xkeOeiitin, cocelH D,-z1e
MHTErpaiaiiMbl3 Ja >KOFapblAarbl amainfapisl Kaitamail oTelpein V,, S Tiz0ekTepi yuriH (13)
OaranaynapslH anambi3. ConbiMeH Oipre, V,, yuriH (15) Oaranays! na opbiHabl 6omaasl. Onga (13),

(16) baranaymapsl Vi, S Ti30ekTepiHeH N — oo OOJFaHAa
Vi, —>V° *ancis L, (0,T;L,(D,))-me, VW — VWV anciz L,(0,T;L,(Q))-ze,
S, >S *ocis L, (0,T;L,(D,))-1e, VWi —W* ancis L, ,(0,T;L,(D,))-ze, (20)
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v, = Vv° xymrri L,(0,T;L,(D,)) -1e xunakranatsis Tizoekimenep 6edin anyra 6onausl. Apsl Kapaii,
[9] cumakTel oOCBHI TaHmam ajdblHFAH Ti3Oekmenep OoubiHma (18)-ge  xome (19)-miH
go(t, X)e Cl(O,T;V\IZl(DO )) -re kebelTimin D, GOWbIHIIA HHTETpaJIJaHFaH TYPIHAE HIEKKE KOIIE OTHIPHII
meKkTik V°, S° ¢ynkuusapseiabH (6)-(10) kemekii eceOiHiH KalmbliaMa IIenriMi eKeHiH Kepyre
0omanel. 1-TeopeMa gonenIeH .

2-meopema. 1-meopemanviy 6apaviK wapmmapsl OpbIHOAICHIH, OHOA & — 0 6oazanda (6)-(10)
komexwi ecebiniy scamnvirama wewimi (1)-(4) nezizei ecebiniy colkec HCAINbLIAMA WEWIMIHE
HCUHAKMANAODL.

Honenoeyi. (13), (16) 6aranaynapeiHan V°, S° Ti30ekTepiHeH & — O OoiFaHaa

V¢ =V *ancis L, (0,T;L,(D,))-ne, VW = Vv ancis L,(0,T;L,(Q))-xe,
S —S *ancis L,(0,T;L,(D,))-ze, v¥ =0 xymri L,(0,T;L,(D,))-ze, (21)

Vi, =V kymti L,(0,T;L,(D,))-1e Typinme »KuHAKTaJaThiH Ti30eKuienep Gomin amyra Gojabl.
Apbl Kapaii, [9] CHAKTBI COWKeC MHTETPAIABIK TCHIIKTEPAE & —> 0 MICKKE KOIIe OTBIPHIIM, IIEKTIK
v(t,x), S(tx) pynxuusnapasin (1)-(4) Herisri ece6iHin kKanmbuIama menriMi eKeHiH Kopyre 0oapL.

Enmi 613 (6)-(10) kemekmii eceOiHIH KYIITI MENNMIHIH XUHAKTATY XbULAAMIIBIFIH aTYIbl
kepcereliik. Keneci mapT opeIHIAJICHIH I €CeNTEHIK:

1- wapm. (1)-(4) ocone (6)-(10) ecenmepiniy Kywmi wewimoepi 6ap 60iCbIH dHcoHe & — 0
bonzanoa (6)-(10) ecebiniy kywmi wewimi (1)-(4) ecebiniy caiikec Kywmi wewiMine HCUHAKMAJICHIH.
Convimen Oipee

v(t)e LOTWAQ)NH(Q)), v, e LOT;L(Q)), Pt)eL,(0T:W:(Q)),
S1)eL,OT:L Q) SeLOTWI(Q), v, eL. OT:L, (@)

v (1) e LOTW(D,)NH(D,)) vi(t)eLOT:L(D,)) P (t)eL,(0T:Wi(D,)),
Vv, € Loo(O’T; Lz(Do))1 S ('[)e LZ(O'T; Lz(Do))1 Sg(t)e Lz(oiT;\N?,l(Do))
OO0JICBIH.

3-Tteopema. l-wapmur opvinoancein dcone & — 0 6oneanda (6)-(10) kemexwii ecebiniy Kywmi
wewimi (1)-(4) nHezizei ecebiniy catikec Kyuimi uwiewiMine HCUHAKMAACHIH, OHOA 01Ap YUliH

2
Ve —V +S‘E—S|

L, (0,T;L>(Dg)) |

1+p
2 P

< Cg7) (22)

2

+ SS—S|

HCUHAKMATY HCHLIOAMOBIEL OpbIH anaovl. ( Mynoa S —1 ywin &€ - a3 wamanivl napamempoiy

2 |

) + ||Vv€ -Vv

L. (0,T;L2(Do Lo(0.T;L2(2)) Lo(0.T;L2())

0apednceci © YMMbLIAObL).
[Monendeyi. Anpbiven (1) Terneyin kanaaiina 6ip y : divy =0, v/ o, =0 dynkumscoHa L, (Q)-na

CKaJISAPJIbl KOOEHTEHIK:

Re [ vydx—Re|[((v-V )yv)dx+(1- a)j'Vv-prdx—(l—a)j%y/dl +
+[S:Vydx—[S-n-ydl + [P-n-ydl - [ fydx=0. (23)

CocbiH (6) TeHICYIH i€ OCBI  -T€ LZ(DO) -J1a CKaJsp KebenTemis:
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Re [vipdx—Re [((v* -V e Jax+(1-a) [Vv* -V yx+ [ S* 1V ypddx—

J'(va —VV)-Vydx=0. (24)
D,

— [ foydx+
Do g”Vv‘g -Vv

B
Lo(Dy)

Engi v(t,x) men S(t,x)-Ti Q-HbIH CHIpThIHA 0-MEH KaIFacThipa koHe w=V’ -V, 0=5-S, y=w
aen oenrineit oTeipbin (24) neH (23) allbIpbIMBIH KapacThIPaMBbI3:

B ol = Re (o Vo o G-Vl , +6[00:dex—
—ana;dI+1 aj a;d|+j5na;d|+—||v o = (25)
Apsr Kapaii (7)-Hi KaHgait qa 6ip ¢ GyHKUMsACHIHA KOOe#Tin, D, -1e HHTerpalIaibIK;
We S’ :gdx+ [S* :¢dx—\/\/ej(v" V)p-Sedx= 20 [ D : X, (26)
CocoiH (2)-Hi 1e ;O-Fa Ke6el“;;in, D,-ne H:Terpanz[aﬁMHs: "’
We[S :gdx+ [ S: gdx—We[(v-V)g- Sdx=20[ D : gdix, (27)
o o o o

Opnan Keiid Vv, S-Ti Q-1iH ChIPThIHA HOJIMEH KaJIFacThIpa OTHIPHIN, ¢ =6 e ajaMbi3 1a, (26)
nieH (27) aiibIpbIMbIHAH

2 o Dol + o -we J (-V)0- Sdx =2 Dj (D* - D): ix. (28)

TEHJIT1H ajambl3. Apbl Kapail (28)-H1 2« OeneMis 1ie (25)-1ieH KocaMbl3:
2 Rl o+ 2l [Nl o+ A -

=ZIwV€de+Rej(wV v Jdx— 1aj wdl—ana;deindl (29)

Do Do

(29)-nin on kareiH ['enbaep TeHCI3AITiH, THiCTUTK Teopemanapsl[9] men FOHT TeHci3mirid
KOJIIAHBII OarajaiiMbI3.

—4wV9$*~—JwVS@“—Wﬂ%WLHd%—

20 Do
< C1||VQ|L3(Q)”0”L2(Q)q|a)”L2(Q) + "Va)”LZ(Q))S C2||0||L2(Do)||V3|L3 "a)”Lz(DO) + C3||0||L2(DO)||VS" L3 "Va)”LZ(Q) <
<J01;, 0 *+ CoolV I, el ) + SV @ + ol 0, VS, <

l-«
< o101} o + 5Vl + CoIVSTE o el o #101,)
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Rej(w V )ov )dx Rej @-V)av dx < Re||v|| ||Va)||L2(Q)||w”L4(Q) <

ol || <
L(Q L>(Do)

<c, agpuvvn-||w||LZ(Q)(||wan(m+||Vw||sz<m||w||;m)jscsnw»n ol + Cval,

l1-«a a
<2Vl gy + Gl ) T2Vl o+ G0l + 01 o)

R +||P||L2<G>j||w||Lz<G> <
2

1/2 || 1/2
| <
Lo(Dy) L2(Do)

sj( _-a)¥ s nja)dI<C
s an anL

e e 1Pl Vel <CAOITol”
1/2 1/2 1/2 71 i
<CLAVOl, splval”, < mAﬁ{nv o, e ]

MyHJa A(t)=||v||W22(Q)+||3|W21(Q)+||P||W21(Q). Apbl Kapai, COHBIHIAFbBI, JKaKIIa IMIIHJETI OPHEKKE

KOpCETKIITEPT p=(2-p), q:% O0onateiH FOHTr TEHCI3MIriH KOJJaHCaK, OHAA V& >0 YIIiH

S 2-8 i i
I < CllA(t{—”V | 2oy TCp0” " | Garanaybin anambis. OHjla, Xalllbl XUHAKTal Kene (29) —nan
€

d 1 : Sie 2
T NS N I8 2 N A 2% AR 0 22

1 i
<C AL e +(C VS o+ Ca el o 161 o)

TEHCI3/IITH aJlaMbI3.
Copnan con [10] cusakTel amangapabl KaiTanai OThIPBII

B
Joll. oo I oo IV 0l #1607 < €™

OaranaysiH, sFHH (22) OaFachlH allaMbl3. 3-TeopemMa JISIeNACH/II.

3eprTey HITHAKETEPi

Mynna Onnpoiia Typili HbIOTOHABIK €MEC ChIFBUIMANTBIH CYMBIKTBIKTBIH CTAllMOHAPJIBIK €Mec
CBI3BIKCHI3 MIIIIMI YIILIIH JKaJiFaH ailMaKTap 9/1iCiHIH A -MoauduKalMsIChIHAA KajlbliaMa MIeIiMHIH
Oap Oomybl MeH kuHaKTanybl nanenneHni. omennaey [9] >KyMbIChIHAA HETI3ZEIreH anmpUOpPIIbI
Oaranay oficl apKbUIbl JKy3ere achlppliabl. CoHbIMeH Oipre, Oyyn Monudukanus YIIiH KYIITI
HISHTIMIEPIIH JKOFaphI IOpexkei )KUHAKTATY KbIJIIaMIbIFbI aJbIH/IbI.

Juckyccus

Bbyn xymbicta Onpoi Typii HbIOTOHIBIK €MEC ChIFbUIMAMTBIH CYMUBIKTBIKTBIH CTAI[MOHAPIIBIK
€MEC CBI3BIKCHI3 MIlIiMi YIIiH YJIKEeH KO3((UIMEHTTEpMEH >KaJIFacThIPbUIFAH JKalfaH aiiMakrap
OMIICIHIH [ -MOAU(UKAIMACHIH Heri3ey OapbIChIHIa KYIITI MIemiMaep yiuiH S —1 OonraHaa ¢ - a3
IIaMaJIbl HapaMeTP/IiH IOpekeci o« YMTHIIATHIH )KHHAKTATY JKbIIIaMIbIFbI QJIBIHFAH. ATalFaH MiliM
YIIIH «KJIACCUKAJBIK) KaJlFaH aiiMakTap 9/ici [8] :KyMbIChIHAA 3€PTTEITEH XKoHe 013 KOPCETKEeH f3 -

MoubuKausaHbH S =0 aepOec jkarnaiiblHa colikec KeJelli, COHbIMEH Oipre, OHAAFbl KUHAKTATY
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KBUTAM/IBIFBIHIIAFBL & - a3 IaMaibl mapameTpAid aopexeci 0.5-TeH KOTepiTIMEHTIHI aHBIKTAIIFaH.
JKanran aiiMakTap OJiCi YIIH YJIKEH IOPEKE KUHAKTATY KbUIIAM/IBIFBIH Iy MAHBI3IbI OOJIBII
keneni, cebebi, aepOec karmaima, Oy OmICTI ecenTey MaTeMaTHUKAachl TYPFBICHI OOWBIHIIIA
MIPAKTUKAJIBIK ICKE achIpy OaFbITHIHIA YTHIMABI QITOPUTMACPAL TYPFBI3Y YIIiH Kaxer. COHbIMEH
Oipre, Oyl JKYMBICTa YCHIHBUIFAH [ -MOJAM(HUKAIMS >KOHE YCBIHBUIFAH JicTeMesepi

MaTEeMaTHKAIBIK (DM3MKAHBIH 0acKa J1a ChI3BIKCHI3 MIMTIMAEP] YIIiH KOJIJaHyFa 00JaIbl.

KopsIThIHABI

byn >xympicTa mieHenreH 3-enmiemi aiiMakTa HBIOTOHJIBIK €MEC CHIFBUIMAWTBIH CYHBIKTHIK
KO3FaJIBICBIHBIH CBHI3BIKCHI3 CTAIlMOHAPJIBIK €MeC MilIiMi YIIH YIKeH KO3((UIMEHTEp apKbUIbI
YKAIFACTBIPBUIFAH JKaJIFaH alMakTap OIICIHIH Oip MOAU(UKAIUSCHIHBIH TEOPHSUIBIK HeTi3neMeci
Oepinren. MyH/ia >xairaH aiMakTap SJICiH CUTIATTAYIIBI KOMEKII €CeNTiH JKaIMbUIaMa MenrMiHIH
Oap 6oybl MeH OacTankbl (PU3UKAIBIK €CEMNTIH JKaJIbuIaMa MenIiMiHe KUHAKTAIybl JTJICACHT CH.
Kanmemama memiMHiH 6ap O0iybl KYyBIK memiMaep Tiz0eriH Kypymbl [anepkuH oIici apKbLIbl
JKYy3ere acajpl.

Kybix memimaep yuria ['enaspnep, FOHT xoHE THICTUTIK Teopemanapbl TEHCI3AIKTepiH, COHBIMEH
Oipre, KOMIIAKTBUIBIK JIEMMAacChlH KOJJaHy apKbUIbl KaKeTTI (YHKIUOHAIABIK KEHICTIKTEpIe
KOFapbllaH  OipKanbINThl Oaranmap aiublHFaH. by Oaramap OSKybIK IIemnMaep Ti3OeriHeH
KUHAKTANAThIH Tiz0ekienep Oeminm amyra MyMKIHIIK Oepefi, al COCBIH OChl Ti30eKIIeTIepIiH
IIeKTepl JKalmpulamMa memiM Oona amaTeiHbl Kepcerineni. CoHbIMeH Oipre, >KYMBICTa KYIITI
HIeIIiMEP YILIiH XKOFapbl ISPEKeNi )KUHAKTAY KbUTIaM/IbIFbI aJIbIHFaH.
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A CLASSOF INVERSE PROBLEMSFOR THE HEAT EQUATION
WITH INVOLUTIVE PERTURBATION

Abstract
Inverse problems for the equation of deflected thermal conductivity with involution are one of the most
relevant research topicsin the field of mathematical physics. This study is devoted to the study of solutions of
deviating eguations characterizing the process of thermal conductivity, and the development of methods for
solving inverse problems, taking into account their involutional properties. Such tasks are widely used in
practical applications such as studies of thermal properties of materials, problems of reverse distribution, and
engineering tasks for managing thermal processes. The equations of deflected thermal conductivity with
involution are a genera modified version of the problem of thermal conductivity, which allows us to more
accurately describe various physical processes. In such equations, higher sequences of time derivatives or
additional involutive terms are introduced, which complicates the model, but brings it closer to real processes.
The theory of inverse problems includes important questions in the search for solutions to the equations of
thermal conductivity. By determining unknown coefficients, initial or boundary conditions based on actua
data, these tasks allow a deeper understanding of thermal processes. The specificity of deviating equationsis
due to the need to preserve the stability and uniqueness of their solutions. The purpose of thiswork isto study
inverse problems for equations of deflected thermal conductivity with involution, and to develop anaytical
methods for their solution. The paper considers the issues of setting inverse problems, studying the conditions
for their correct formulation, proving loneliness and stability of solutions. In addition, effective methods for
solving problems are proposed. The novelty of the work liesin the presentation of anew formulation of inverse
problems for equations with involution and the study of their analytical solutions. These models alow us to
describe specific physical phenomena, such as the thermal conductivity of complex materials or changes
caused by external factors. In addition, the results of the study contribute to improving the accuracy of the
model in solving many engineering and scientific problems. The results of the work make a significant
contribution to the development of the theory of inverse problems, as well as to the construction of new
mathematical models of thermal conductivity processes. The results of the research can be used in scientific
research, engineering reports and optimization of technological processes. A class of inverse problems for the
equation of deflected thermal conductivity with involution is considered using four different boundary
conditions. The solutions were obtained in the form of series classification using sets orthogonal to each report.
The completeness of the solutions received was al so discussed.
Keywords: Inverse Problems, Heat Equation, Involution Perturbation, Boundary Condition, Equation.

3. Mycipenosal, A. Ypmarosa !, III. Antein6exost
M.Oyes08 areigarel Ourycrik Kasakcran yausepcuteti, Llsivkent, Kazakcran
KEPI ECEIITEP KJIACHI YIIIH HHBOJIOHUSAJIBIK AYBITKYbI AP
KBLTY OTKI3I'IUTIK TEHAEYI

Anoamna

WuBonronmscel 06ap aybITKbIFAH JKBUTy OTKI3TINITIK TEHJEYIHEe apHalFaH Kepi ecenrTep MaTeMaTHKabIK
¢u3nKa canacelHAArbl ©3€KTi 3€pTTeYy TaKbIPBINTAPBIHBIH Oipi Oombinm TaObUIagsl. byn 3eprrey sxbuty
OTKI3TIIITIK MPOLECIH CUNATTANTBIH ayBITKBIFAH TEHJEYJICPAiH MICHIIMIEpiH 3epTTeyre >KoHE OJaplblH
WHBOJIIOIMSIIBIK KACHUETTEPIH €CKepe OTBIPBIN Kepi ecenTepii IIelry dJiCTEMECiH JaMbITyFa apHallFaH.
MyHzali ecenTep NpaKkTUKAJIbIK KoyigaHOanmapia KEHIHEH Ke3Jeceli, MbICajbl, MaTepHaapAblH KbLTY
KAaCHETTEpiH 3epTTey, Kepi TapaTy Macelesiepi, KoHE >KbUIYNBIK MpouecTepAi 0acKkapyAarbl WH)KEHEPIiK
ecentep. MHBOMONMSACH 0ap aybITKBIFAH JKbUTY OTKI3TIMITIK TEHJAEYJepi — JKbUTYy OTKI3TIIITIK MaceleciHiH
JKQIbl TYPJCHIIPUINCH HYCKACHI, OJI OpTYpJl (U3MKANBIK IPOIECTEPAl JJIPeK CHUIlaTTayFa MYMKIHJIIK
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Oepeni. MyHaii TeHIeyIepe YaKbITTHIK TYBIHIBIIAPABIH XKOFapbl PETTUIIN HeMece KOChIMIIIa HHBOJIOTHBTI
MYIIIeNIep eHri3iieni, Oy1 Moaenbai KypAeIeHaipeni, Oipak HaKTHI poIlecTepre kakpIHaaTaasl. Kepi ecenrep
TEOPUSCHI JKBUTy OTKI3TIMITIK TEHACYJICPIHIH IIENIIMIH Ta0yIarbl MaHBI3IbI Maceienep/li KaMTuabl. HakTel
JepeKTep Herizinae Oenrici3 ko3 pUIMeHTTep i, 6acTanKpl HeMece METTIK MAPTTapAbl aHBIKTAY apKbLUTBI Oy
ecenTep JKBUIYNBIK TPOLECTepAi TEPeHIpeK TYCIHyre MYyMKIHIIK Oepefi. AYBITKbIFaH TEHICYIepIiH
€PEeKIIeNiri oNapAblH MIeUTiMAEPIHIH TYPaKThUIBIFBI MEH OipereillliriH cakTay KaKeTTUTITiHEH TYbIHIANIbI.
By KyMBICTBIH MakcaThl — HMHBOJIOLMSICH Oap aybITKBIFAH JKbUTYy OTKI3TIIITIK TEHJAEyJepi YLIiH Kepi
€CenTepi 3epTTIey, ONapAbl MIEHIYAIH aHATUTHUKAJIBIK SHiCTepiH mambITy. JKyMbICTa Kepi ecemTepii Koo,
OJIapJIBIH JYPHIC KOWBUIBIM MAPTTAPBIH 3€PTTEY, MICMIIMACPIiH JKAJFBI3/IBIFBl MCH OPHBIKTBUIBIFBIH JIOJIEIICY
Mocenenepi KapacTeipbuiapl. COHBIMEH KaTap, ecenTep/i ey JiH THIMAL 9IicTepl YChIHBIIaAbL. JKYMBICTHIH
YKaHAJBIFbl — MHBOJIIOLMSICHL Oap TEHACYJIEp YILUiH Kepi ecenTepiiH jkaHa KOMBUIBIMBIH YCBIHY JKOHE OJIapblH
AHAIMTUKAIBIK WICNIiMAEpiH 3epTTey. bynm mopempaep HakThl (M3MKANBIK KYOBUIBICTApAbl CHIIATTayFa
MYMKIHIIK Oepeai, MbIcaibl, Kypaeli MaTepuanaapAblH JKbUTY OTKI3TIIITIrT HeMece ChIPTKBI (haKTopiapaby
ocepineH OonateiH e3repictep. COHBIMEH KaTap, 3epTTEY/iH HOTHKENepi KONTereH NHKEHEPIIK jK9HE FhITBIMU
ecenTepIi MeNTy Ke3iHe MOIEbIIH ISJIITiH apTThIpyFa bIKNaI eTesi. JKyMBICTBIH HOTHXKeNepi Kepi ecentep
TEOPHUSCHIH JTAMBITYFa, COHAANW-aK XbUTy OTKI3TIIITIK MPOIECTEPiHIH KaHA MaTEeMaTHKAIBIK MOJEIbIEPiH
KYpyFa eleyi ylec Kocaapl. 3epTTey HOTIKeNepi FhUTBIMU-3ePTTEY KYMBICTAPBIH/AA, HHKEHEPIIIK ecenTeple
KOHE TEXHOJIOTHSUIBIK MPOLIECTEP Il OHTAIaHABIPYAa KOJJAaHBUTYbl MYMKiH. IHBOMOIMSICEl Oap aybITKBIFaH
KBUTY OTKITIIITIK TEHJEYiHEe apHAIFaH Kepi ecenTep KJIAchl TOPT TYPIi MIeKapaiblK MApTTapblH KOIJaHy
apKbUIbl KapacTeipeuianbl. Llenrimaep opOip ecemke colikec OpPTOrOHAN OOJATHIH JKUBIHIAPILI KOJJIaHa
OTBIPBIT KaTapra KIiKTey TYpiHAe allbIHABI. AJBIHFAH HICIIIMACPAiH XUHAKTHUIBIFBI 13 TATKbIIAHIbI.
Tyiiin ce3aep: kepi ecenrep, )KBUTYOTKI3TIIITIK TeH/EY1, MHBOJIOIUSUIIBIK ayBITKY, IIETTIK MIapT, TEHLY .

D. Mycipenosal, A. Ypmarosal, I1I. Antein6ekos
lM.8y6:3013 ateiHgarbl OHTYCTiK Kazakcran yHuBepcuteti, LllsiMkenT, Kazakcran
YPABHEHHME TEILJIOIMPOBOJHOCTHU C HHBOJKOIUOHHbBIM BOSMYIIEHUEM
JJI51 KIACCA OBPATHBIX 3AJIAY

Annomayus

OOpaTHble 32/1a4¥ TS OTKIIOHSFOIIETOCs YPaBHEHUS TETUTOTPOBOTHOCTH C MHBOJIOIUEH SBIISIOTCS OMHON
W3 aKTyaJbHBIX TEM HCCIIEIOBaHWH B OONacTH Maremarmueckoil ¢usnku. JlaHHas pabota mocBsIeHa
WCCIIEIOBAHNIO pEUIeHUH YpaBHEHWH OTKJIOHEHHH, OIMUCHIBAIONIMX TPOIECC TEIUIONPOBOJAHOCTH, U
pa3paboTKe METOAMKH pPeIIeHrs 00paTHBIX 33/1a4 C YI€TOM X WHBOIIOIMOHHBIX CBOUCTB. Takue mpooieMsbl
pacIpOCTpaHEHbl B MPAKTUUECKUX MPUIOKEHUSIX, TAKUX KaK MU3yUYE€HUE TEPMUUYECKUX CBOMCTB MAaTepHasOB,
npobaeMbl 00paTHOTO paclpoCTpaHEHUs] OMUOKW ¥ WH)KEHEPHBIE MPOOJIeMbl YIPABICHUS TEPMHYCCKHUMHU
nporieccamu. OTKJIIOHEHHBIC YPaBHEHUS TEIJIONPOBOJAHOCTH C WHBOJIIOIMEH MPEICTABIISAIOT COOOW OOIIMi
MOaU(UIIMPOBAHHBIA BaPHAHT 33J]a4d TETUIOTIPOBOIHOCTH, TIO3BOJISIONINN OOJIee TOYHO OMUCATh Pa3INIHbIC
¢usnydeckue nporiecchl. B Takue ypaBHEHHs BBOJSTCS ITPOU3BOHBIE TIO BpEMEHHU 00Jiee BEICOKOTO MOpsIKa
WIN JOTIOJHUTENbHBIE WHBOJIOTHBHBIC WICHBI, YTO YCIOXKHIET MOJIENb, HO MPUOIIIKAET €€ K peabHbIM
mporieccam. Teopus oOOpaTHBIX 3a7ad CBA3aHA C BaXXHBIMH MpoOJeMaMu pelIeHUus YpaBHEHUN
TeIIonpoBoAHOCTH. llyTeM ormpeneneHns HEW3BECTHBIX KOI(D(DHUIMEHTOB, HAYaNbHBIX WM TPAHUIHBIX
YCIIOBHH Ha OCHOBE PEAbHBIX JAHHBIX 3TH 3aJauyd IO3BOJISIOT TIIyOXe IMOHATH TEMJIOBBIE MPOIECCHI.
CBocobOpasue auddepeHIManbHbIX YpaBHEHUH BO3HUKACT U3 HEOOXOIUMOCTH COXPAHEHHUS YCTOHYMBOCTH U
€JIMHCTBEHHOCTH WX perieHnid. Llenpro maHHOW paboOThI SIBISIETCS HWCCIIEOBaHUE OOpAaTHBIX 3ajad s
NEBUAIMOHHBIX YPaBHEHWH TETUIONMPOBOJHOCTH C MHBOJIOIMEH, pa3paboTKa aHAJIUTHYECKHUX METOJIOB HX
pemeHus. Pabora mocesiieHa mpoOiieMaM TOCTAHOBKM OOpaTHBIX 3aja4, UCCICIOBAHUIO YCIOBHH HX
KOPPEKTHOM IOCTAaHOBKH, J0KAa3aTENbCTBY €IMHCTBEHHOCTM M YycToWumMBOCTH peuieHuidl. Kpome Toro,
npenaratoTcs 3¢ GeKTUBHBIC METObI penieHus npobiem. HoBru3Ha paGoOThI 3aKTFOYAETCS B MPEICTABICHUN
HOBOU CepUH 0OpATHBIX 3aJ1a4 JJIs YPaBHEHHIA C HHBOJIIOIIMEH U HCCIICIOBAHUN UX aHAJIUTHUECKUX PEIICHUH.
OTH MOJENH TIO3BOJISIIOT OIKCHIBATH pEabHbIC (U3UYECKHUE SIBIICHUS, HAIpUMEp, TEIUIONPOBOTHOCTH
CJIOKHBIX MAaTEpPHaJiOB WM W3MEHEHUs, BhI3BaHHbIE BHENMIHMMH (akTopamu. Kpome Toro, pesynbTaThl
HCCIIEAOBAHUMA CITOCOOCTBYIOT TOBBIIMICHHUIO TOYHOCTH MOJENH TPH PEIICHHH MHOTHX HWH)XCHEPHBIX M
HAYYHBIX 3a/la4. Pe3ynbraTel paboThl BHOCST CYIIECTBEHHBIN BKIJIAJ B pa3BUTHE TEOPUHM OOpaTHBIX 3a/1a4, a
TaKkK€ B CO3JaHUE HOBBIX MATEMAaTUYECKUX MOJENEH MpOLECCOB TEIUIONPOBOAHOCTU. Pe3ynbpTaTh
HCCIICIOBAHUNA MOTYT OBITH HCIIOJIb30BaHbl B HAyYHBIX HCCIICIOBAHUSAX, HHXCHEPHBIX OTYETax U
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ONITUMHU3AIUN TEXHOJOTHYECKUX TPOIECCOB. PaccMOTpeH Kiace OOpaTHBIX 3aday s JCBHATOPHOTO
YPaBHEHHUS TETLIONPOBOIHOCTH C HHBOJIIOLUEH C UCTIONB30BAHUEM YETHIPEX PA3IIHUHBIX IPAHUYHBIX YCIIOBUI.
Perirenust ObUTH MOMYYECHBI B BUJC PAHTOBOW KJIACCH(DUKAIIMK C UCIIOIBb30BAaHHEM HAOOPOB, OPTOTOHATBHBIX
Kaxa0My oTuery. OOCyKaanach TakKe MOCIeA0BATEILHOCTh PEIICHUI.

KiawueBble ciaoBa: oOpaTHble 3ajaud, YpaBHEHHE TEIUIONPOBOJHOCTH, OTKIIOHEHHE WHBOJOIINH,
TpaHWYHbBIC YCIIOBHUS, YPABHCHHE.

Main provisions

Equations involving an unknown function and its derivatives, taken generally at different values
of the argument, are called nonlocal differential equations. Equations with an involutive shift of the
argument, a special case of nonloca differential equations [1]. The transformation S is called an

involution if az(t) = a(a(t)) =1. Differentia equations with an involutive shift in the unknown

function or its derivative are known to be model equations with a variable shift of the argument. In
general, such equations can be classified as functional-differential equations. This article considers
aninverse problem for the heat equation with an invol ution, subject to Neumann boundary conditions.
Theorems on the existence and uniqueness of the solution to this problem are presented. It is known
that inverse problems in mathematical physics include problems of determining coefficients or the
right-hand side of a given differential equation.

Introduction
Problem statement
Shall now proceed with the problem statement.

Q={—n<x<m 0<t<T}, |e] <1locatedinarectangular region
ue(X, 1) — Uy (%, 1) + eugy (=%, 1) = f(x), (x,)eQ 1)
consider the linear heat conduction equation.

Inver se problem with Neumann boundary conditions
The solvability problems of the following inverse problem are studied €2 grea (1) equation and

u(x,0)=9(X),ux0) = 9, uxT) = ¢x), x € [-m,1] )
Condition and

u(—mt) =0, u(mt) =0, te[0,T] 3

Determine the functions U(X,t) and f (X) that fulfill the homogeneous Neumann boundary
condition.
Here, (o(X) and w(x) are given sufficiently smooth functions.

In the systematic solution of the inverse problem, we denote the functions u(X,t) and f (X)
belonging to the class as U(X,t) € C51 (L),
Resear ch methodology

Solution Method
We seek a solution to the inverse problem in the form of a series expansion using a system of

orthogonal basis functionson L(-7,7) . To find the system of functions, we solve the corresponding
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homogeneous equation with boundary conditions given by equation (1) using the method of
separation of variables.

Soectral Problem

Using the method of separation of variables, the inverse problem is reduced to the following
spectral problem:

X"x) —eX"xX)+ X)) =0, X'(—m) =X'(m) =0 4

(4) the eigenvalue problems are self-adjoint and therefore have real eigenvalues. The
corresponding eigenfunctions form an orthogonal basison L, (-7, 7). The eigenvalues[2]

M = (1= K2, Ao = (1 + &) (k+3)? (5)
will be the eigenvalues, and the corresponding eigenfunctions are defined as follows:
Xo =1, Xk = coskx, keNX,, = sin (k + %) x, keN (6)

(6) The function is complete and orthogonal for L,(—7, 7).
Existence of a solution:
Solutions of theinverse problem U(X,t) and f(X) can be represented as series expansions using

the corresponding set of eigenfunctions. Using the orthogonal system (6), functions u(x,t) and

f (X) can be written asfollows
u(x ) = o Ui (Dcoskx + + T wep (Osin (k +3) x (7)
f(x) = 2o fric cos kx + Ti, fesin (k+3) x 8)

Here, Uy (1), Uy (1), Ty, f, areunknown coefficients.
Substituting functions (7) and (8) into equation (1), we obtain the following equations Uy (t),

Uy (t) and constants fy,, T, .
ui(® + (1 — e)k? - ug(t) = iy €)

W) + (L4 8) (k+2) -1 (®) = B (10)

By solving this system of equations and applying condition (2), we can determine the values of
the unknown constants C,, , C,,, f,., T,

flk 2
t) = ———— + ¢ e (1OKE
ulk( ) (1 _ 8)1(2 1k
f —(1+s)(k+1)2t
u(t) = —2— = t Cke A
a+e)(k+3)

Let's say that the coefficients @, , ;. ,1 =1,2 arerespectively (p(X) and w(x),isexpanded into
aseries, namely

1 gl
Ok = —J @(x) cos kxdx
T T
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= [ o0osin(1c+3)xd
Par = — TIcpx sin > ) xdx

Pk = %f_}p(x) cos kxdx

Yo = %.[:Lp(x) sin (k + %) xdx

Then condition (2) leads to the following expressions:

fik B
A=K + Cik = Q1k
f1c —(1-e)K?T _
-0k + cixe = Y1k

fox

+ =
(1+¢) (k+%)2 e

2

f _ 1
2k e a+e)(k+3) T _ .

(1+£)(k+%)

By solving this system of algebraic equations, we obtain the following expressions:
@1k — W1k
1— e—(l—s)kZT

Cik =

fix = (1 — &)k*(@1x — C1x)
©2x — Pk

1— e—(1+s)(k+%)2T

Cok =

1 2
fac = (1+2) (k+3) (0= e

@1k — Uik
1— e—(l—s)kZT

fic = (1 = ©k*(@1x — )

2

1 @2x — Yok
fac = (1+8) (k+3) (@ —

1— e—(1+s)(k+%)2T

From this, for the coefficients U, (t) y Uy, (t) , we obtain the following equalities:

P1x — Y1k n @1 — W1k e-(1-OK%t _

Ugk(t) = @1k — 1 — e~ (1-9)K2T 1 — e~ (1-9K2T

Pk — Lplk (1 . e_(l_s)th)

= P~ 1— e—(l—s)sz
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®2x — Wk ®2x — Wak - ki ’
Uz (V) = @2 = —+ ——e (re)(keg) € _
1— e_(1+£)(k+7) T 1— e_(1+s)(k+7) T
_ 172
— P2k llJzk1 _ (1 _ e_(1+£)(k+7) t)
1— e_(1+£)(k+7) T

Now, substituting functions Uy, (t), Uy, (t), f,, f,. into(7) and (8), we obtain aformal solution
to the inverse problem.

u(x, t) = Z [(plk — - _(p“i(:_gi; (1 - e‘(l‘g)kzt)] coskx +
k=0 €

[00]

— 142 1
+ z O — P2k lIJzkl)2 <1 _ e—(1+£)(k+§) t) sin (k N _) <=
T

k=1 1— e_(1+8)(k+5 2

o

N @1k — Y1k —(1-g)K2
= Z (1, COSKxX — T GooeT (1—e (=9 t) coskx +
k=0 kot~ €

c 1
+Z PokSin (k + E)X -

k=1

oo _ 12 1
B Z @2k — Wk )2 <1 _ o te)(kt) t) sin (k + E) <=
T

k=11 — e—(1+s)(k+%

_ N @1k — Pk —(1-8)K2t
= ¢(x) kZ: ot (1—e ) coskx
=

Ie) _ 2 1
_Z P21k — Yok _ (1 _ e—(1+£)(k+§) t> sin (k + §>X

= e—(1+s)(k+%) T
and

[0e]

f(x) = Z [(1 ) (g — — 2k~ Wk )] coskx +

_ a-(1-8)k2
e 1 e (1—-¢)K2T
- 1,2 - 1
+Z (1+s)(k+—) (@ — — 22K ¢2k12 ) sin(k+—)x
= 2 1— e—(1+s)(k+§) T 2

From the obtained series, when k — oo, the expression's

—(1-e)k2t_
L 7 Tl e~ (1-9KA(t-T) i
1—e—(1-8)K2T Ce - 00 if k—>oo,t—-T<0,
(1—g)k? .
W - f koo, T>0
1-e~(1-
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both the function U(X,t) and the function f(X) have first terms that form divergent series.
Therefore, it is necessary to require that the equality @, — ¥, = 0,k=0,1,.... holds. To ensure that
these equalities hold, it is sufficient to require that the functions (D(X) and W(X) areodd. If thisisthe
case, then...

0

1 (" 1
@1k = —f @(x) coskxdx = —f @(x) coskxdx +
T _q T

—Tt
T

1 1"
+—f @(x) cos kxdx =—f @(—x) coskxdx +
TJo TJo

1 T
+Ef @) coskxdx =0, k=0
0

Indeed, if that is the case, then

T

1 (™ 1 (0 1
©1x = —j @ (x) coskxdx = —j ©(x) coskxdx + —f @(x) coskxdx
m)_, m)_, ),

Further, after substituting X =—t, for the first integral
1(° 1 (°
—f @(x) coskxdx = —j @(—t) cosk (—t)d(—t) =
T _g mJ_,

= if;q)(—t) cosktdt = —%f;cp(x) cos k xdx.
Thereis ¢, =0.
Accordingly’ W_’]_k = O! k = 0111---- iSShOWﬂ.

Then, the formal solution to the problem is as follows

[0e]

— 142 1
u(x,t) = @(x) — Z Pk qJZkl > <1 _ e wre)(k+3) t) sin (k + E) X
k=11 — e_(1+€)(k+7) T

and

© 2

f(x)=z (1+s)(k+%) (@ — — 22k =Wk, sin(

1
- k + —) X
= 1— e_(1+8)(k+7) T

2

Convergence of a series
To establish the correctness of the obtained formal solutions, we must demonstrate the uniform

convergence on the domain Q of the series involving the functions U(X,t)and f(X),, aswell as

the derivatives of U, (X,t) and U (Xt). To this end, we require the following conditions:

o (-7)= o (7)=0, i=0,2,
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y(-z)=y"(z)=0, i=02
Consequently, Cy, C2k can be expressed as follows:

3 3
o 42

Cik = 1 — e-(1-9)k2T|3

3) 3)
_ P — Wik
CZk - = 3

2
1— e_(1+£)(k+5) T (k 4 %)

here,
3 _ 1 " " 1
P = @ (x) cos |k + > xdx

—Tt

1 T
cpgi) = n] @' (x) sin k xdx
-7
(3) " 1
qJ (%) cos (k + )xdx
-7

(3) = j P’ (x) sin k xdx

From this, it follows that the functions U(X,t) and f (X) can be expressed as follows:
u(x,t) = @(x) +

1 2
© —(1+e)(k+5) t 3) 3)
+ 1-e ( 12)2 Puic — 13k sin<k+%>x
k=11 — e‘“*”(“i) T (k + 1)
21 — e—(1-9K?t (pg?l’() - ¢(3) )
_ kz L (P cosiex

and
3) 3)
1+¢ 1
Pk ~ 1k1 5 sin <k + E) X
(k + 2) 1— e—(1+£)(k+§) T

001—8 (PS() —4’(3) "
_Z - [ -0k coskx

k=0

() =~ (x) + 29" (- x)+2

To investigate the convergence of these series, we employ the following estimates for u(x,t) and
f(x)
lux, | < [ +
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00} oo

z (3)| + lIJ(3) Z (3) (3)

k=1 — k=0

and

[0e]

|f(x)|§|(p"(x)|+|(p"(—x)|+cz |(p<3>| +|¢<3>| 4
k

k=1

vy (ol ol + 2)

k=0

2

+
N =
~—

Here, C is some positive constant.

Here, we have used the inequality 2ab < a?+b? for estimation f(x). For the function U(X,t) inthe

3,0 i _
k ’l/jl I

is guaranteed. This condition is satisfied if we consider ¢"(X) and y"(X) € L,(-7,7) . Additionally,
for trigonometric series, the following series converge according to Bessdl's inequality:

estimate, if the terms of the series ¢, 1,2 are bounded, then the convergence of the series

Z|@13)| <Clle"®I,_ .., =12
Z|¢(3) <C ||L|J”’(X)“%2(_n_n)’ i=1,2.

Consequently, according to the Weierstrass M-test, the series u(xt) and f(X) converge
absolutely and uniformly on the domain Q . Similarly, the series U(X,t) obtained by term-by-term

differentiation of theseries U, (X,t) and U (X,!) itsderivatives can be shown to convergein asimilar
manner.

Results of the study
Main Results
Let us formulate the main result related to problems (1)-(3).

Theorem 3.1. Let @(X),w(X) be odd functions, ¢(x),y(X)eC?*[-7,7], ¢"(X)
TR0 L(77) and o) (47) =y () =0, 1012

Therefore, the fact that the inverse problem (3.1)-(3.3) has a unique solution can be expressed as
follows:

ux, ) = @(x) — Z P2k — Wok )2 <1 _ e—(1+s)(k+%)2t> sin (k + %) «

= e—(1+s)(k+% T

® 2

f(x)=z (1+s)<k+1) (o — — 2k~ W2k, sin(k+%>x
1

= _ e—(1+s)(k+%) T
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here
-2 cosn(i )
(pzk—ﬂ_ncpx sin 2xx

1(" 1
Yo = E_f P(x) sin (k + E) xdx
-T
To prove the theorem, it is necessary to verify that the conditions of the problem are satisfied.
Let's take the next one
u(x,0) = ex) —

oo . 1 2. 1
_z P2k llJzk1 i (1 . e_(1+£)(k+?) 0) sin (k + _) x = @(x)
k=11 — e_(1+£)(k+7) T 2

ux,T) = @(x) =

© _ 1\2. 1
_ z Pox ~ Wak ~ <1 — e_(1+£)(k+i) T) sin (k + E) X =

k=11 — e—(1+s)(k+%) T

= @(x) — kZ:(pzksin (k + %) X+ kZ.:;LIJstin (k + %) x=@x) —

—p(x) + i Warsin 1+ %) X = (%)
k=1

Therefore, the initial and final conditions of the redefinition are satisfied.

Conclusion
Moreover, according to the theorem's condition, (p(ﬂ) = (0(—7[) =0, therefore,

u(mt) = e(x) —

o _ 1 2. 1
_ P2k ¢2k1 2 <1_e_<1+£>(k+5) t> sin (k +_)X _
=i e_(1+8)(k+7) T 2

x=1
=¢@(mM=0
u(-mt) = @(x) -
- i Pak ~ Wak ~ <1 - e_(“?’)(k%)z't) sin (k + 1) X =
1 e okag) T 2 e

=@(-m) =0

that is, the boundary condition is also satisfied.
The theorem has been proven.
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CYUBIKTHIK AFBIHBIH ECENITEYJE CAHJIBIK OICTEP MEH KACAHJIBI
HUHTEJUVIEKTTI KOJJAHY

Anoamna

Byn 3eprrey Oactamkbl KoHE MIETKI MAPTTapbl KOPCETIATeH TIKOYPHIITH aliMaKTaFbl CHIFBUTMANWTBHIH
CYMBIKTBIK aFbIHBIH MOZECJBACY MIHACTTEPIHICTI COHFbI albIPMAIIBUIBIKTAP/IBIH CAHABIK SJICIH JKaKcapTy
YILiH ’KacaH/Ibl HHTEIUIEKTTI KoJiaHyFa apHairad. CaHAbBIK o/licTep THAPOIUHAMUKA MACcEIesIepiH ey yIiH
KEeHIHeH KOJJIAaHBUIAAbI, Oipak MYHIAll omiCTEepHAiH IONMAITT MEH THIMIUITIH MAaIlWHAJBIK OKBITY >KOHE
HEHPOHBIK JKEJIIep CHUAKTHI JKacaH/bl MHTEIICKT OICTEPIH KOJAAaHY apKbUIbl XakcapTyra Oosaisl. By
3€pTTEY TIKOYPBIINITHI aliMaKTaFbl CYHMBIKTHIK aFbIHBIH JQJIIPEK JKOHE THIMZII MOJEJBJCY YIIIH JKacaHIbl
WHTEJUICKT OJIICTEPIMEH COHFBI ailbIpMAIlbIIBIKTAPBIH KOMOWHAIMICHIH YCBIHAIbBI. HoTwkenep skacanspl
WHTEJUIEKT apKbUTbI JKETUMIPUITCH CaHIBIK OICTEP CYHBIKTHIK aFbIHBIHBIH OPEKETIH JKbIIIAMBIPAK KOHE
JIQITIPEK MOZEIBACY/Il KAMTaMachl3 €T€ OTBIPHII, KYPACl THAPOIUHAMHUKAIIBIK €CeNTePAl NSy TiH THIMILUTIr
MEH CEHIMUIrIH apTThIPpaThIHBIH KOpCeTedl. 3epTTey JKacaHIbl HMHTEIUICKTTIH KJIACCHKAIIBIK CaHIBIK
omicTepi KeTUIipyAeri alleyeTiH KepceTe i, OYJI TiNTi ecenrtey pecypcrapsl MeKTey 0oJica Aa, CYHBIKTHIK
aFBIHBIHBIH JIOJIIPEK YATUIEPIH jKacayra MYMKIHIIK Oepeli. Byl »KYMBICTBIH >KaHAJIBIFBl MalldHAIBIK
OKBITYJIBIH JIOCTYPJII 9JICTEPACH aChIll TYCETIH aJalITHBTI TACILI OOJBIN TaObUIATHIH COHFBI AMbIPMAIIIBLIBIK
O/liCiMEH HAKThl MHTETPALMSICHIH/IA )KAThIP. Bys1 MHTErparus Kypaesi ruApoMHAMHKAIBIK ClICHAPUITIEpMEH
KYMBIC 1CTEYiH )KaHa MYMKIHIIKTEepiH amaapl. 3epTTey HOTHKENEPl opTYpPJli HHXKEHEPIIIK KOChIMIIATapAarbl
CYMBIKTBIK aFbIHAAPBIH MOJICIIBICY/IIH ASTIPEK KOHE THIMJII 9JICTEePIiH yKacay YIIiH Makiaiibl.

Tyitin ce3ep: CYHBIKTHIK aFbIHbI, CYHBIKTBIK aFbIHBIH MOJCTIBJICY, CAHIBIK dMIICTED, HKACAH/IbI HHTEIIICKT,
CBHIFBUIMANTBIH CYHBIKTBIK aFBIHBI, COHFBI aWbIPMAIIIBUTBIK,
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HCITIOJBb30OBAHUE YUCJIEHHBIX METOJ0B U UCKYCCTBEHHOI'O MHTEJIJIEKTA B
PACYETAX IOTOKOB KUJAKOCTH

AnHomayus
JlanHOE HCCcreI0BaHME TTOCBSIIICHO TPUMEHEHHIO MICKYCCTBEHHOTO HHTEIUICKTA VISl YCOBEPIICHCTBOBAHUS
YUCJICHHOTO METOJla KOHEUYHBIX pAa3HOCTEH B MOJEITUPOBAHWHM HEC)KMMAEMOTO IIOTOKA KHUAKOCTH B
MPSMOYTOJILHOW 00JIACTH C OIpPE/EICHHBIMA HAYaJbHBIMU M KPAEBBIMHU YCIOBHSMHU. UWCIEHHBIC METOIBI
IIUPOKO MPUMEHSIOTCS B THAPOJUHAMUKE, OJJHAKO TOYHOCTh M 3PPEKTUBHOCTh TAKUX METOJIOB MOTYT OBITh
YIIYUIIeHBI 33 CUET UCTIOIB30BaHMS METOI0B UCKYCCTBEHHOTO MHTEIJICKTA, TAKMX KaK MAITUHHOE 00yUIeHHUE U
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rIyOOKre HEeHpOHHBIE ceTH. B MaHHOM HCCIIEeIOBaHUU MPEAJIaracTcsl COBMEIICHUE KOHEYHBIX pa3HOCTEH C
METOJIaMH HMCKYCCTBEHHOI'O HWHTEIIeKTa IjIsi Oonee ToyHOro W 3(G(EKTHBHOTO MOIEIMPOBAaHUS IOTOKA
KUJKOCTH B TPSIMOYTOJBHON 00JacTH. Pe3ynbTaThl MOKA3hIBAIOT, YTO YMCICHHBIE METOJIbI, JTOTIOJIHCHHBIC
WCKYCCTBCHHBIM HHTCIJICKTOM, TIOBBINAIOT 3(PQPEKTUBHOCT, ¥  HAACKHOCTh PEIICHHS CJIOXKHBIX
THAPOIUHAMHYECKUX 3a/1ad, oOecriednBas Ooiee OBICTPOE M TOYHOE MOJIEIHPOBAHWE IMOBEICHUS IMOTOKA
XKUAKOCTH. VccnemoBaHne NEMOHCTPUPYET MOTEHIHAT HCKYCCTBEHHOTO HWHTEIUIEKTa U yIy4IIeHUs
KJIACCUYECKUX YHCIICHHBIX METOIOB, I03BOJISAS CO3/1aBaTh 00JICE TOUHBIC MOCIU MOTOKA KUIAKOCTHU JTAXKE TIPU
OTPaHWYEHHBIX BBIYHCIUTEIBHBIX pecypcax. HoBu3Ha 3TO# paboThI 3aKIFOYaeTcsi B TOYHOW HHTETPAIlUl
MAaIIMHHOTO 00yYeHUs C METO/IOM KOHEYHBIX Pa3HOCTEH, KOTOPHIH MPEACTaBISET COOOH aJalTHBHEIN OIXO0/,
MPEBOCXOAINNN TPAAUIIMOHHBIE METOMIbI. Takash HHTErpaius OTKPHIBAET HOBBIC BO3MOXKHOCTH JIIsl paObOThHI
CO CJIOXHBIMU THIPOAMHAMUYECCKUMH ClieHapusMu. [loiaydeHHbIE pe3ysbTaThl MOTYT OBITH TOJIC3HBI IS
pa3paboTku 6ojee TOYHBIX U A(P(DEKTUBHBIX METOAOB MOJICIHPOBAHUS ITOTOKOB JKHIKOCTH B Pa3IMIHBIX
WHXCHEPHBIX MPUIOKCHUAX.

KaroueBbie ci10Ba: TOTOK KHJIKOCTH, MOJCIIMPOBAHUE IOTOKA JKUAKOCTH, YHCICHHBIE METOIBI,
HCKYCCTBEHHBIN HHTEIIIEKT, IOTOK HEC)KMMAaeMOM KUIKOCTH, KOHEYHAST Pa3HOCTb.
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USE OF NUMERICAL METHODSAND ARTIFICIAL INTELLIGENCE IN FLUID FLOW
CALCULATIONS

Abstract

Thisresearch focuses on leveraging artificial intelligence to augment the finite difference numerical method
for modeling incompressible fluid flow in a defined rectangular area with specified initial and boundary
conditions. While numerical methods are extensively utilized in addressing hydrodynamics challenges, their
precision and effectiveness can be heightened through theincorporation of artificial intelligence methodol ogies
like machine learning and deep neural networks. This study introduces a fusion of finite differences with
artificial intelligence techniques to achieve enhanced precision and efficiency in fluid flow modeing within a
rectangular domain. The results show that numerical methods enhanced by artificial intelligence can improve
the efficiency and rdiability of solving complex hydrodynamic problems, providing faster and more accurate
modeling of fluid flow behavior. The study demonstrates the potential of artificial intelligence to improve
classical numerical methods, allowing for more accurate fluid flow models, even with limited computational
resources. The novelty of thiswork liesin the specific integration of machinelearning with the finite difference
method, an adaptive approach that outperforms traditional methods. Thisintegration opensup new possibilities
for working with complex hydrodynamic scenarios. The outcomes of this investigation offer valuable insights
for refining fluid flow modeling methodol ogiesin diverse engineering contexts.

K eywor ds: fluid flow, fluid flow modeling, numerical methods, artificial intelligence, incompressible fluid
flow, finite difference.

Heri3sri epesxkesiep

CaHpgpIK omicTep OpTYpii (PU3MKANBIK MPOLECTEP/li, COHBIH IMIIHAE CYHBIKTBIK AaFbIHIapbIH
MOJIeTIB/ICY YIIiH KeHIHEH KOJJIaHbUIaAbl. AJaiia, CBIFBIIMANTBIH CYHBIKTBIK aFbIHBIHBIH KYpaesi
MOcCeJIeNIepiH JIoJT IeNy YIIIH dPTYPJIi JKaFAainapibl eckepe anaTbiH THIMII oicTep KakeT. COHFbBI
KBITAPBI JKACaH/IbBl WHTEIUICKT FBUIBIM MEH TEXHUKAHBIH OPTYPJI CallalapblHJIa, COHBIH INIiHIC
THApOJMHAMUKana OenceHni KoimaHputa Oactanbl. CHIFBIMANTBIH  CYWBIKTHIK — aFbIHBIH
MOJCNBJICYAIH CaHIBIK OJICTEPIH 3€epTTEy THAPOJAMHAMHUKA JKOHE KOMIBIOTEPIIK MOJEThIALY
caJlachIHJIaFbl ©3€KTI Macelne 0okl TadbiIaabl. KeHiHeH KOoNIaHbUIAThIH diCTepAiH Oipi-Topaars
CYMBIKTBIK aFbIHBIH CUMATTaWThIH AU PEepeHInanIblK TeHACYIepAl KybIKTayFa MyMKIHIK OepeTiH
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COHFBI aWBIPMAIIBUTBIK ofici. Byn 3eprreyme 013 COHFBI aWBIPMAIIBUIBIKTAPABIH CAHIBIK OJICIH
JKaKCcapTy YIIiH jKacaH bl HHTCIICKTTI KOJIJaHY/ bl KApacThIPaMBbI3.

Kipicne

MamuHanbelK OKBITY JKOHE TepeH HEHpPOHIBIK KeNiIep CHUSAKTHI jKacaHIIbl MHTEUIEKT dJICTEpiH
KOJIZIaHy CaHJBIK ONICTIH JONIIrT MEH THIMIUITIH akKcapTyFa MYMKIHIIK Oepemdi, ocipece
CYMBIKTBIKTBIH KYpJENi arblHAapblH MOJENbAeY Ke3iHnme. byn 3epTreynin MakcaTsl OepiireH
OacTamkpl KOHE WIETKI >Karjaiymapbl Oap TIKOYPBIITHI aiiMaKTarbl CHIFBUIMANHTBIH CYHBIKTBIK
arbIHBIHBIH €CENTEPIH IICNTy YIIiH COHFBl albIPMAIIBIIBIKTAPBIH CAHJIBIK JIICIH JKaKcapTy OOJIBII
tabbutanpl. JKacaHAbl WHTEIUIEKTTI KOJNJAHY CYWBIKTBIK aFbIHBIHA TOH KYpAedl (U3UKAIBIK
MPOIIECTEP/Il €CKepe OTBIPHIN, CaHABIK OMICTIH AN MEH THIMJAUITIH apTThIpyFa MYMKIHJIK
Oepeni. 3eprreyne OacTamkpl KOHE IIETKI MIAPTTaphl KOPCETUITeH TiKOYPBITH aiMaKTarbl
CBIFBIJIMANTBIH CYHBIKTBHIK aFbIHBIHBIH ©CENTEePiH IIelly VIIiH >KacaHJbl HMHTEUICKTTI KOJIJaHa
OTBIPHIT, COHFBI AP PMAIBUTBIKTAPIBIH CAHJIBIK SIICIHE TaNIay jKacanaabl. bi3 Moaenbaey mpoiecin
OHTAMJIaH/IBIPYyFa JKOHE HOTHIKEJIEPIiH JQJIITH apTThIpyFa Ha3ap aylapaMbi3.

By 3epTTey MammHAIIBIK OKBITY JKOHE TEPSH HEHPOHJBIK JKEJIUIep CHUSKTHI KacaH Ibl HHTCIICKT
OMICTEpIMEH COHFBI albIPMAIIIBUIBIK 9JIICIHIH KOMOMHAIMACHIH YChIHAIBI. BYJT TOCLT CHIFBUIMANTHIH
CYWBIKTHIK AaFBIHBIHBIH TCHJCYJICPIH JKYBIKTAyAbl JKaKCapTaJbl XKOHE CaHIBIK OICTIH IOJIITIH
aptThipansl [1]. Ockl 3epTTeyliH HOTHXKEIEPI WHIKEHEPIIK JKOHE FhUIBIMH KOCHIMINAIAP/IBIH KEH
ayKbIMBI YIIIH MaHBI3bl OOJIBINT TaOBUIATBIH CYWBIKTBHIK aFBIHIAPBIH MOJICIBICY/IIH TATIPEK JKOHE
TUIM/I1 9/IICTEPIH JKacay YIIiH Maigansl 00Iybl MYMKIiH.

3eprrey dicHaMachl

Bacrankpl oHE MIETKI Xarmaiiaapel 0ap TiKOYpPHIITH alMaKTaFbl CHIFBUIMANTBIH CYHWBIKTHIK
arblHBIHBIH ~€CeNTepiH INemly YILIIH >KacaHJIbl HHTEJUIEKTTI KOJIJaHa OTBIPBIN, COHFBI
aBIPMaIIBUTBIKTAPABIH CAaHABIK O/IICIH 3€PTTEY YIUIIH KeJeci 9icTep KOJIIaHbLUIa/Ibl.

- Conzvl autvipmawviawiy 20ici (MKP). Kenictik neH yakbiTTarbl HaBbe-CTOKC TeHzeysepiH
IpIKTEY YIIIH CTaHIaPTThI COHFbI allbIpMAILIbUIBIK 9/IICIH €HT13y. ByJ1 o11ic TybIHABLIAPBI )KYBIKTAYAbI
KOHE oJapibl JUCKPETTI Topja IIemryai KamMTuabl. byn Garmapiamana ekiHIN peTTi KeHICTIKTIK
TYBIHJIBLIAP YIIiH OPTAIBIK albIPMAIIBUTBIK CXeMaslaphl )KOHE YaKbITIA TYBIH/IbI YIIIiH aiKBIH CXeMa
KongaHbulabl. JKbUIJaMIBIKTapAbIH IIeKapalblK IIapTTapbl CHUHYCOMAANbl (YHKUMSAIApMEH, all
OacTamnkpl MAapTTap KOCUHYCOUIabl QYHKIUSIIApMEH O€NriIeH Il.

- JKacanowr unmennexm (AI). CanHAbIK OIICTI KaKcapTy YIIIH HEMPOHIBIK Kelijiep Hemece
TCHETHKAIBIK AJITOPUTM/IEP CUSKTH MalllnHAIIBIK OKBITY SAICTEPiH KOIIaHy. MbIcaibl, HEHPOH/IBIK
KEJTiHI aJJBIHFbl MOHJEp MEH WIeTKI JKaFjaillapra HETI3JeNreH KeJecl YakblT KaJaMbIHJa
KBUTTAMIBIK TIEH KBICKIM MOHJIEpIH OoipKayFa yiiperyre 6omaast [2].

- Tepenoen oxwvimy. CyYMUBIKTBIK aFbIHBIHBIH JI€PEKTEpIH Tajjay >KOHE aFblHIaFbl KypAemi
3aHJIBUTBIKTAp MEH KaThIHACTAP/IbI €CKEPETiH MOJIENbCp KYPY YIIiH TepeH OKBITYIBI Konmany [3].

- Oymaiinanovipy aneopummoepi. llleniMHIH AN HEMece KOHBEPreHIMs >KbUIIAMIIBIFBI
CUSIKTBI OepiIreH MakcaTThl (PYHKIMsUIApFa HET13/IeIreH CaHbIK SJIC MMapaMeTpiiepiH peTTey YUIiH
OHTalNIaHABIPy ANTOPUTMIEPIH Naiganany [4].

- Homuowcenepoi manoay. YATUIEpAl aHBIKTAYy, TapaMmeTpiepial OHTAWIaHABIPY KOHE MOJIEh
camachlH JKaKcapTy YILIIH JKacaHJbl HWHTEIUIEKTTI KOJIJaHa OTBIPHIN, CaHABIK MOJEIbICY
HOTWIKEJIEPIHE Talay KYprizy.

- backa adicmepmen canvicmeipy. lllemiMHIH THIMAUTITT MEH JAONAIriH Oaramay yIIiH
CBIFBUIMAMTBIH CYMBIKTHIK aFbIHJIAPBIH MOJCNBJCYMIH Oacka oiCTEepiMEH >KacaHJIbl MHTEJJIEKTTI
KOJIJaHa OTBIPHII, CAHBIK S/ICKE CABICTHIPMAIIBI TAJIJIAy KYPri3y.

- Homuoiwcenepoi  suzyanusayusnay. TikOypbelIITHl —ailMakTarbl CYWBIKTBIK  aFbIHBIHBIH
JMHAMUKAChIH KOPHEKI TYpJle KOpCeTy YIIH albIHFAaH MOJEIb/AEY HOTIDKEIEepiH BU3yalu3auusiay
OMICTEPIH 31IpIIey.
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- Ouimoinixmi oymainanoeipy. lllemiMHIH >KOFapbl JQJAINIH CaKTall OTBIPBIN, €CENTey
OHIMJIUTITIH apTTHIPY YIIIH )KacaHbl MHTEIUICKT KOMETIMEH CaHBIK 9J1ICTI OHTANIAHABIPY 9/IICTEPiH
3eprrey [S].

Mamepuanoap. barnapiaamana xeneci KitTanxaHajaap KOJJaHBUIIbL:

- MACCHBTEPMEH JKYMBIC ICTEY KOHE €CeNTey YILIiH «numpy»;

- HOTIOKeJep i rpad UK TypiHJe KepceTy yiuiH «matplotliby;

- «ipywidgets» xone «I[Python.naTepakTuBTI Naiiaananymsl naTepdeicin xacay yuin display».

TikOypbIITH aliMaKTarbl CHIFBUIMANTBIH CYHBIKTBIKTBIH €Ki OJIIIeMi aFbIHbI KapacThIPbUIAIbI.
ArpiHapl cunarray ymiH Haeee-Ctokc TeHzeysnepi Kompganbuiansl. JKbUIIaMIBIK IE€H KBICHIM
KOMIIOHEHTIHIH OacTamkbl MIAPTTapbl, COHJAi-aK >KbUIAAMIBIKTBIH IIETKI MIapTTapbl Oenrimi.
MakcaT-COHFBI allbIpMAaIIBbUIBIK 9JIICIH KoJ1aHa OTHIpbIN, HaBbe-CTOKC TeHaeyIepiH caHAbIK TYpAe
HICTy JKOHE HOTHXKEJIepAl YIII eJeMal rpaduKkTepMeH BU3yanuzanusiay [6].

3eprTey HITHAKETEPi
TyTKBIp, CHIFBUIMANUTBIH CYHBIKTHIKTBIH KO3FaJBIChI Typajibl ecenn HaBbe-CTOKC TeHueyepiHiy
iminapa auddepeHnmanabIK KyileciMeH cunartanansl. Exi emmemai karmaiiaa on Kemecinei
0omanpl. Y3AIKCI3IIK TEHACYI:
ou , dv
—4+—==0 1
ox dy (1)
Kosranbic TeHIeymepi:

ou 6u+ ou 16p+ 62u+62u
at 0x vay_ p 0x U\ ox2 dy?

6v+ 0v+ ov 16p+ 62v+62v
ot " Yax " Vay T " pay U\oxz T ay?

Kyit Tenneyi (Ilyaccon Tenueyi):

2

Pp ) Bp_ (e p2ude, vy

d0x? W dx 0x dxdy 0y oy

MYH/IaFbI U KOHE V-CcoiikeciHIe X jKoHEe Y OChbTepiHAeT KbULAAM/IBIK KOMIIOHEHTTEP1, P-KBICHIM,
P-CYWBIKTBIKTHIH THIFBI3/BIFBI, U -KHHEMATUKAJIBIK TYTKBIPIIBIK [7].

Bacrankp! jkoHe MIETKI MapTTap TanchlpMa MIapTTapbiHa coiikec Oepinyl MyMmKkiH. barmapmama
COHFBI alBIPMANIBUTBIKTAP 9JIICIH KOJIaHA OTBIPHIT, €Ki OJIIIeM I alMaKTa TYTKBIP CHIFBUIMAWTHIH
CYMBIKTHIKTBIH KO3Fajbichl yIIiH HaBee-CTokc TeHaeynepiH Imiemeai. bacrtamkpl >koHE MIETKi
mapTTap Kenecijaen oepiuireH.

1. bBacranksl mapTtrap:

- U xpu1aMIbIFBIHBIH KOMIIOHEHT1 KeJleciieit Oepiiarex

u(0,x,y) = cos(mx/L) * sin(mx/L)

- Kbu1maMapIKTeIH v KOMIIOHEHTI kenecineit 6epinren v(0,x,y) = —sin(mx /L) * cos(mx/L).

- Kbiceim p 6acranker Hosre TeH p(0,x,y) = 0

MyHzarbl U )KOHE V- X JK9HE Y OChTepi OOMBIHIIA KbIIAAMIBIK KOMIIOHEHTTEP1, COlKeciHIIe, p -
KBICBIM, I-yaKBIT, X J)KOHE Y - KEHICTIKTIK KOOpuHarTap, L -aliMak emmemi, v -6araapiamanarsl nu '
napaMerpimMeH OepiireH KMHEMaTUKabIK TYTKBIPAbIK, NX, Ny sxoHe Nt - X, y OoiibIHIIa TYHIHIED
CaHbl )KOHE YaKBIT, coiikecinie, dx, dy skoHe dt - coiikecinmie X, y ®oHe YaKbIT KaJaM/Iaphl.

2. XKeImaamMapIKTap IbIH MIETKI IIapTTaphl:
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- KBazparTeiH OapiblK >KarblHIA CHHYCOMAANbl (DYHKIUMsUIAp TYpIHAE MIEKapajblK ILIapTTap
OepinreH.
u(t,0,y) = sin(my)
u(t,L,y) = sin(my)
u(t,x,0) = sin(mx)
u(t,x,L) = sin(mx)
v(t,0,y) = sin(my)
v(t,L,y) = sin(my)
v(t,x,0) = sin(mx)
v(t,x,L) = sin(mx)

3. CaHbIK IIENTiM:

-HaBbe-CToKC TeHIeynepiH MICHTy 9p YaKbIT KaJaMbl YIIiH KBapaT iIIiH/e KY3ere achIpbLIaIbl.

4. Buzyanuzanusi.

- Hotmxkenep ym emmemai rpaduk TypiHae kepceriteni, myHaa X koHe Y 0OCI KEHICTIKTIK
aitHpIManbLIapFa, an Z oci U )KbULIaMIBIFbIHA COMKEC KeNe/Il.

- UnTepaktuBTi nHTEpdEiic apKpUIbl TPAQUKTIH KOpy OYyphIIITapBIH 63repTyre 00aIbl.

Tyractail anranna, barmapnama HaBbe-CTokc TeHaeynepiH KoOJJaHa OTBIPBIN, CYMBIKTHIK
aFBIHBIHBIH HET13T1 MOJICNIBJICYIH KOPCETEe Il )KOHE MOJICNbICY HOTHIKEICPIH BU3yalu3alusiay KoHe
Tajjaay yIIiH UHTEPaKTUBTI OacKapy/ibl YChIHAIBI.

barmapiamaHbIH HET13T1 KaJaMIaphbl:

1. Hnuyuanuzayus. Top eniemi, yakpIT KaaMIapbIHBIH CaHbl, CYHBIKTHIKTBIH TYTKBIPJIBIFBI dKOHE
KBUITAMJIBIK TI€H KBICBIM OPICIHIH OacTankpl MapTTapbl CHUSKTBI MOJEIBACY MapaMmerpiiepi
OpHATBLIA/IBI.

2. Canovig wewim. HaBbe-CTOKC TEHICYNEPIH JKYBIKTay YIIiH COHFBI albIPMAIIBUIBIK OJICiH
KOJI/IaHa OTBIPBIN, CYHBIKTHIK KbIIAAM/IBIFBI OPICIHIH YaKbIT OOWBIHINA YBOIOLMSICHI €CETTEeNe Il

3. Anumayus. «Matplotlib» kiTarmxanacel apKbUIBI aHUMALWS JKacallabl.op YaKbIT KaJaMbIHIA
KBITAMJIBIK ©PICTEPiH KOPCETETIH «animationy.

4. Uumepaxmuemi 6ackapy. OWHaATy )KoHE aHUMAIUSIHBI KiIIPTy TyWMenepl, CoOHIaii-aK Oenriii
0ip yakbIT KaJaMbIH TaHJay YIIiH KYTipTKiI KOCBLIAIbI.

byn Oarmapmama Habe-CTokc TeHAEyNepiH WICHIYAIH CaHIBIK OIICIH KOJIJaHA OTBIPHIIL,
CYMBIKTHIKTBIH KO3FANBICHIH €Ki elieMe MoAenbaeiiai. barmapnamMa cyHBIKTBIKTBIH >KbUTIAM/IBIK
OPICIHIH YaKbIT OOUBIHIIIA HBOJIIOIUACHIH OeHHENeHIl KoHEe OMHATY KOHE KIIIPTy TyhMenepl MeH
yaKpIT KaJaMblH TaHJayFa apHaliFaH XYTIPTKI apKbUIbl aHUMAIUSHBl HHTEPAKTUBTI OacKapyabl
KamTamacsI3 etefi [8], [9].

ExiHII perTi KeHICTIKTIK TYBIHIBUIAP/AbI KYBIKTAY YIIIH OPTaJbIK albIpMaIIbUIBIK CXeMalapblH
KOJIZIaHY JKYBIKTAYIbIH KETKUTIKTI )KOFaphl JAJJIITH KaMTaMackl3 eTefi. Anaiiia, yakpITIa TYbIHbI
VIIIH HAaKThl CXEMaHbl KOJJaHy YaKbIT OOMBIHINA Kagamabl HIEKTEHTIH TYPAaKTHUIBIK IIAPTHIH
OPBIHJIAY BT TANIAI eTe/li. TYPaKThUIBIKTHI KAMTAMAChI3 €Ty YIIIiH YaKbIT 6T¢ a3 KaJaMm TaHIaJabl, Oy
JKOFaphbl €CeNTey IIbIFbIHapbIHA oKelyl MyMKiH [10].

HaBne-CTokc TeHIeylepiH COHFbI albIpMAIIbUIBIK OJICIMEH MIeNTy YIIH 013 Keleci cCXeMaHbI
KOJI/IaHa aJlaMbI3:

1. Keyicmixmix myvlHObLIAPObL ipiKmMey:

- X )KOHE Y TYBIHJBLIAPHI JONIIKTIH €KIHII PETTI OPTANIBIK AlbIPMAIITBITBIKTAPBIMEH JKYBIKTAIAIBI.

- Mbicanel, U QyHKIMSICHI YIIIH X TYbIHABICHIH KeJIeC11el KybIKTayFa 00a bl

U Uyr,j — Ui,
0x 2Ax
2. YVaxvimwua myvinowinsl ipikmey:

- YakpIT TYBIH/JBICHI €KIHIIII PETTI OPTAJIBIK allbIPMAIIBUIBIKICH JI€ JKYBIKTaJIAIbI.
- Meicasbl, \(U\) GyHKIMSACHIHBIH YaKbIT TYBIHABICBIH KeJIECiieH )KybIKTayFa O0JIaIbl:
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n+1 n-1
ou N Ujj " — U

ot 2AL

3. Tymxwip mywenepoi ipikmey:
- TyTKblpibIFbl U 0ap TEpPMUHACP EKIHII PETTi aWbIpMAIIBUIBIKTAPIbl KOJIJAHA OTBIPHII

JKYBIKTAJIAaAbI.
d?u . .
- MBICEUIBI, v E MYIICCIH KC€JICC1ACH XYBIKTayra 60Ha,[[BI:

2

d“u Uitq,j Zui,j + Uy
> ~ PV 2

dx AXx

v

4. Coi31KmulK emec myutenepoi ipikmey:
du du . .
" U, KOHE U CHISBIKTDI EMEC MYILIENEp] arbIMAAF bl yaKbIT Ka0aTbIHAFbI )KbUIIaMIBIK MOHIEPIH

KOJIIaHa OTBIPBIII XXYbIKTAJIaAbI.
du . .
- MBICEIJ'ILI, u E MYHICCIH KCJICCIACH KYbIKTayra 60J‘Ia,I[LIZ

du Uy~ Uiy
Y T U 2Ax

5. Kvicbimovl ipikmey:

- Kpiceim [lyaccon TeHaeyi apKbUIbl )KBUIIAMIBIKTBIH TUBEPTeHINACHIMEH OailIaHBICTHI.

- XKputgamMapIK MEeH KBICHIM JHBEPIEHIMSACHIH JKYBIKTAy albIpMAlIbUIBIK CXEMAachblH KOJAAaHY
apKBUIBI XKY3€Te aChIPbUTYbl MYMKIH.

6. Kyvikmay:

Hagswe-Crokc Tenaeynepinaeri qudQepeHnnanibk onepaTopiaapIsl )KybIKTay YIIIH eKiHII peTTi
COHFBI AMBIPMAIIBUIBIKTAPBIH aWKBIH 9iCi KOJIaHBUIABL. TeHpaeydepaeri onepaTopiapablH
KYBIKTaybIH KapacCTBIPBIHBI3:

a 1
£+(uV)u=;Vp+vV2u (3
Vu=20
MYH/IaFbl U-)KbUIIaM/IBIK BEKTOPBI, P-KBICBIM, P -ThIFBI3IBIK, \(\NU\) - KHHEMATHKAJIBIK TYTKBIPIBIK.

VYakpITIIa TYBIH/BI )KOHE KEHICTIKTIK KOOpJMHATTap OOMBIHIIA TYBIHABUIAP YIIIH €KiHIII PeTTi
OPTAaJIBIK aHBIPMAIITBUTBIK CXEMaChl KOJTaHbIIa Ib:

n+1 n
ou U, — U,
ot At
n n
U Uppr,j — Uiy,
0x 2AX
2 n _ n n
du  Wipqj — 22U Uiy

dx? Ax?

(u V)u epHeri yIiH Keneci )KybIKTay KOJIaHbLIA/IbL:

n n n n
Uity — Ui—q,j . Ujj+r1 — Ujj—

Viu = \V4 =~
wVu = (uVyu A 25y

KpIChIM IpaieHTIHIH KYBIKTaybl OPTAJIBIK allbIPMAIIbUIBIK aPKBLIBI YKacalla bl
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n n n n

Dit1,j7Di—1,j Pij+17Pij-1

Vp= , 4
2AX 2Ay

v V2 U TYTKBIp MyIlECi YIIIH €KiHIII TYBIH/bI KYBIKTaY KOJIaHbLIAIbL:

n n n n n n
Uipyj — 22U U q ) U — 2Up 5+ U5
szuz< j j ) j j

Ax? Ay?

Ocpinaiiia, KOPCeTUITeH KYBIKTaYIap bl KOJAaHa OTeIpkI, HaBbe-CTOKC TEHICYIEPIH JOIIKTIH
EKIHIII PeTTI albIPBIMIBIK CXEMaJIaPBIMEH JKYBIKTayFa 00JIaIbl.

AnpuopnbIk Oaranay:

HaBbe-CTokce TeHaeyepiH MenTye COHFbI albIPBIMIBIK CXeMa dICIHIH AQNIIriH Oaranay yuIiH
aTnpUOPIBIK Katenep/i Oaranmaynsl Konnanambid. On ymia HaBee-CTokc TeHaeynepiHiH OipiH Oip
©JIIIIEM/IC )KYBIKTAY Il KApaCThIPANBIK:

ou 0%u
—_— =y —
ot 0x?
JIonaiKTiH €Ki eNmeM/Il KeHICTIrt OOMbIHIIA eKIHII TYBIHBIHBIH JKYBIKTAYhI KeJleCiIei:

62_u _ ulxe+h)—2u(x)+ux—h) 2
ax2 h2 + O(h ) (5)

MyHarbl h-keHicTikreri kagam. ComaH KediH OChl KYBIKTay YIIiH KAaTCeHI alnpuOpIbIK Oaraiay
Kenecineil 0onapl:
— 2
le| = |uexact - uapproxl <Ch

MyHJarel C-IIeIiMHIH KacueTTepiHe Toyenai TypakTel. Ocbuiaiiina, XybIKTay KaTeci KagaMHaH
KBazpaT perinzae h kagaMbIHbIH ToMeHAeyiMeH a3asabl [11]. COHFBI DIEeMEHTTEp SJIICI YIIIH COHFBI
AJIEMEHTTEP SICIHIH XYBIKTAybIH JXKOHE O€pUIreH >KybIKTay YIIIH COWKEC amnpuopiblK KaTelepii
Oaranmay/Jpl KOJJaHa OTBIPBIN, YKcac Haibimpaynap >kacayra Oomanel. Ocbuiaiiina, anmpuOpIIbIK
Oaranay CaHJBIK OMICTIH JOJAITIH aljblH-ana OarajiayFa *oHE IICHIIMHIH KaKETT1 JOJIIriHE KO
KETKI3y YILIiH OHTalJIBI TOp apaMeTpiepiH TaHAayFa MYMKIHIIK Oepei.

OpubIkThUIBIK mapThl: HaBbe-CTOKC TeHAEyNepiH ILIeHIyAe CaHAbIK SICTIH TYPaKTbUIBIFbIH
Oaranay ymris KkypanT-®punpuxc-Jlesu (CFL) mapTsin Konanyra 6omazsl. bepiiren 6arnapiamana
KOJITAaHBUTATBIH COHFBI albIPMAIIBUTBIKTAP IBIH alKBIH CXEMAChl YIIIiH OyJT apT KeJecinei 0omampr:

VAL 4 VAL < 1
(ax)?  (ay)? ™ 2

MYHJaFbl V -KHHEMAaTUKAJIbIK TYTKBIPJIBIK, BpEMEHH At -yaKbIT KaJaMbl, AX OHE Ay - KEHICTIK
Kagamapbl. by mapTt keneci yakbIT KaJlaMbIHIaFbl KATEHIH 3KCIIOHEHIUAABI TYPJIE ©CHEYiH KoHe
OMIC TYpaKThl OOJTYBIH KaMTaMachl3 eTteni. Erep mapT opblHaanMaca, OHIA 9MIIiC TYPAKCHI3 OOJYBI
MYMKIH oHE eCenTey HOTIKeNepi aypbic 0oamaybl MyMKiH. COHFBI 3JIEMEHTTEp 9/IiC1 YILIiH €CeNTiH
HaKThl TYKBIPBIMBIHA JKOHE CAHJIBIK IICHIIM 9JIICiHEe OaiJIaHBICTBI TYPAKTBUIBIK IIApTTaphl 1a Oap.
HaBbe-CTokc TeHeyNepiH COHFbI 3JIEMEHTTEP ICIMEH JKYBIKTAy VIIIH CaHIBIK TYPAKCHI3IBIKTHI
OonaplpMay YVIIH TYpPaKTBUIBIK IMIAPTTapblH cakTay MaHbI3Abl. Ochulaiiina, CaHIBIK OMICTIH
TypakTeUIbIFBI HaBbe-CTOKC TeH Iy IepiH MIenTy e IyPhIC HOTHKEIepre KO )KeTKi3y YIIiH MaHBI3 bl
KOHE ecerTey napaMeTpIiepiH TaHay Ke3iHJle TYPAKThUIBIK IApTTapblH €CKEPYy KaXkKeT.

barnapnamanbl oppIHIAy HOTHXKECIH/E OEpIIreH yaKbIT HYKTEJEpiHAeri OapiblK TOp HYKTenepl
YIIIH U >KoHE V XKbUIIAMJABIK MOHAEpi anbiHaabl. HoTmkenepal Buiyaluzanusiay ailMakTarbl
KBUITAMIIBIKTBIH TapajdyblH KOpPHEKI TYyple KepCceTyre J>KOHE aFblH JIMHAMHUKACBHIH 3epTTeyre
MYMKIHJIIK Oepei.
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Hasve-Cmoxc meyoeynepi scane onapovl wieutyOiy caHowix a20icmepi.

Conrbl alibIpMalIbUIBIKTAP 9/IICIH KOJIAaHa OTHIPHIIN, eKi emmem 1l HaBbe-CTOKC TeHIeY1H CaH IbIK
Imienryre apHanraH OarmapiaMa jkacaiabl. TYTKBIP CHIFBUIMAUTHIH CYWBIKTHIKTBIH KO3FaJIBICHIH
cunarraidTeiH HaBbe-CTOKC TeH ey epi FhUIBIMU JK9HE HHKEHEPIIIK MIceseNep/IiH KeH ayKbIMbIHIA
KoJIJaHbUIa bl baFaapiaMaHbly HeTi3iH1e CaHAbIK IIeIIiM/II )KY3eTre achIpy/IbIH KapanaibIMIbUIbIFbI
MEH THIMIUIITIHIH apKachlH/Ia TaHJAJIFaH COHFbI albIPMAIIBIIBIK CXEMaIaphl 9fici xaTelp. by omic
g depeHIMAIIBIK TeHISYIEP/Ii TOPAAFbl aHBIPMAIBUTBIK OPHEKTEPIMEH JKYBIKTANTbI 5KOHE OJTapbI
UTEPAIHSUIBIK AITOPUTMICPMEH HIeNTyre MYMKIHIIK Oepeni. KeHiCTIKTIK TybIHIBUIAP €KIHII PeTTi
OpTaJblK  aWBIPMAIIBUIBIK  CXEMaJIapbIMEH, all  yaKbIT  TYBIHIBUIApBI ~ OIpiHII  peTTi
allBIPMAIIBUTBIKTAPMEH JKYBIKTANaAbl. MOJIETh JO1 J)KOHE TYPAKThl CAaHIBIK IMICHIIMII KaMTaMachl3
€TEeTIH TIKOYPBIIITHI TOP/IA XKYy3€ere achipbiaaab [12].

BacTtankpl jxoHE HIeKapalbIK IMApTTap aHAJIUTUKAIBIK Typle OepiiareH, Oyi1 KYHeHIH TYpaKThl
Kyiire Oipkenki eTyiHe bIKnan ereni. Hotmwkenepai Bu3yanusanusiay YIIiH YaKbIT IEH KeHICTIKTEr1
CYMBIKTBIK KBUIIAMIBIFBIHBIH TapallyblH KOPHEKI TypHae KepceTyre MyMKIHIIK OepetiH matplotlib
KiTanmxaHachl KOJJIAaHBUIAABI. YIII eNIeMal rpauKTep aFbIHHBIH CUIIATTaMalapblH, COHBIH iIIHJE
MiMIiHIH, KYWBIHIBIIAPBIH J)KOHE TYpOYICHTTUIIK aiiMaKTapbiH kepceteni [13].

AJBIHFaH JEpEKTepll Tajjay CaHAbIK MIEeHIMAEpAlH OepuireH maprrap YUIH aHAIUTHUKAIBIK
HOTIDKEJIEPre COWKECTITiHIH JKOFaphl JIOPEKECIH KOPCeTTi, Oy COHFBI allbIpMAaIIBUIBIKTap OMiCIH
KOJIJIaHY/IbIH JYPBICTBIFBIH pacTaiiipl. O3ipieHreH OaraapiaMaHbl CYHBIKTBIK TUHAMHKACBIHA
KATBICTBl TUIPOAMHAMHKAIBIK TPOIECTEPl KoHE 0acka FRUIBIMU TarChIpMaliaplbl 3epTTEy YIIiH
naigananyra 0oyajsl.

Heri3ri motmwkenep:

- barnapnama exi emmemi HaBbe-CToke TeHI€yiH COTTI HICIIE/].

- Hormwxkenep opTypii OacTankpl jKOHE MICKAPAIBIK IMAPTTAP YIIH CAHIBIK OICTIH OJIITIH
pacTau/ibl.

- Icke aceIpy TUapOoIMHAMEKA XKOHE cabaKTac MOHAEP CANAaChIHIAFbl OJIaH dpi 3epTTeylep YIIiH
KOJIJIaHBLTYBl MYMKiH [14].

barnapnamanst o3ipney yurin HaBbe-CTOKC TeHIEyNepiH KaMTHUTBIH €CEMNTIH MaTeMaTHKAJIbIK
MOJIEJIIH KeJecl TYpie pacimMaey Kypri3uiii:

Z—L:+ (uV)uz—%Vp+vV2u (6)

V-u=0

MYHJIaFbl U-KbUIIAM/IBIK BEKTOPBI, P-KbICBIM, P-THIFBI3/BIK, V' U - KHHEMAaTUKAJbIK TYTKBIPJIBIK.

Tenneynepai caHIbIK MIEMIy YIIIH COHFbI albIpMAIIBUIBIKTAp 9MiCi KOJAaHbLIAbI. KeHICTIKTIK
aillmak Topanka OejiHe/l, OHbIH TYWIHJEPIHJE KbUIIAMABIK IE€H KbICBIM MoHAepl ecenteneni [15].
JuddepeHunaniplk oneparopiap COHFbI albIPMAIIBIIBIKTAPMEH JKYBIKTANAIbl, HOTHXKECIHE
KaliTaJllaHaThIH QJIICTEpPMEH ILICIIIIETIH TeHJeysep *Kyieci maiiaa Oonaapl. HoTmxkenep yakpbIT mneH
KEHICTIKTET1 CYHBIKTBIK >KbUIIaMIBIFBIHBIH TapajlyblH KOPCETETIH YII eJeM/l rpapuk TypiHzae
KepiHemi. byn Tocinm aFbIHHBIH JMHAMHUKACBIH KOPHEKI TYpA€ KepceTyre J>KOHE OHBIH
cUmnarraMasapblHa, COHBIH IIIIHJE aFbIH KYPBUIBIMBIHBIH ©3repyiHe >KoHEe Maiija OonaThiH
THJIPOAMHAMUKANIBIK €peKIIeTiKTepre Tajjay acayra MyMKIHAIK Oepeni. O3ipieHreH Oaraapiama
CYWBIKTBIK AaFBIHIAPBIH CAHIBIK TANAAYABIH THIMAI Kypadbl OOJBII TaObUIAIBl JKOHE OHBI
THJIPOAMHAMHUKAIBIK MPOLIECTEPAIH KEH ayKbIMBIH MOJIENb/IEY YILiH KOJIaHyFa 00Ja ibl.

Juckyccust
CyYHBIKTBIKTBIH KO3FaJIBICHIH CUMTATTAUTHIH TEHACYJIEP/Il MIETTy OJIAPABIH ChI3BIKTHIK TEHCI3IITHE
0aiiTaHBICTHI TPUBHAIBIBI €Mec Macene 0ombin Tabbuiasl. HaBbe-CTOKC TeHACYIEpiH MIeyre KoHe
HOTWDKEJIEp/Il  BU3yalu3alusulayFa apHajFaH Oarmapiama  Jkacay  YOIIH — Ci3T€  COHFBI
allBIpMAIIIBUTBIKTAp 9/iCi HEMECEe COHFBI JIEMEHTTEP JIICI CHSIKTBI CAaHBIK 9iCTepAl KOJIaHy KaKeT
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Oomansl. Anaiina, KapanailbiMabuiblK yinin 013 HaBse-Ctoke Tenaeyin Oip emmemzue (Oip emmemui
CYHBIKTBIK AaFbIHBI) COHFBI ANBIPBIMIBIK CXeMa OJICiH KOJJaHa OTBIPHIN IIEIIyre apHaJFaH
Oarmapiama xacait anmamsi3 (Cyper 1).

Cypem 1. Bip enuemoi Kyovipoazel CYubIKmMbIKMblY KO32AIbICL

Barnapnama 6ip enmem i KyObIpIaFbl CYHBIKTBIKTHIH KO3FAIIBICHIH TYPAKTHI TYTKBIPIIBIKIICH XKOHE
Kipic Ke3lHIe TYpPaKThl KbUITAMIBIKIEH MoOJeabAcial. HoTuxenep KeHICTIKKE OaiIaHBICTBI
KBUIIAMJIBIK Tpaduri apKeLIsl KepceTinei. HerypibiM Kypaesi skaFiaiiap MeH eKi eJIeM/Ii Hemece
YII eJIIeMAl CYHBIKTBIK aFbIHAapHhl YIIiH HEFYPIIBIM KYp/esli KaliTallaHaThIH CaH/IBIK d/1iC KaXeT.

BacTankpl jxoHe miekapaiblK maprrapMeH eki enmemai HaBee-CToke TeHaeyiH memry ymriH 0i3
COHFBI alBIPBIMIBIK C3e€Majlap 9MICiH KoJJaHa anambl3. TeMeHzeri 2-cyperTe COHFbI albIPbIM/BIK
ONIiCiH KOJIJaHa OTBIPBII, MIAPIIBI aifMaKTaFbl €Ki eJIeM/i CYWBIKTHIK aFbiHbl yiIiH HaBse-CToke
Oactankpl MAPTTHI TeHZACYiH miemryre apHanraH Python OGarmaprmamachelHBIH HOTHXKeci Tpaduk
TYpiH/AE KeATipUIreH.

Speed u

Cypem 2. Hasve-Cmoxc menoeynep dHCyiiecin uweutyoiy Homuiceci

2-cypeTrTe >KbUITAMJIBIKTap/AbIH HOJIIK MIeKapalblK IIapTTapbl Oap IMapmibl ailMaKTarbl €Ki
eJIIeMIl CYWBIKTHIK afbIHbl YIIiH HaBbe-CTOKC TeHACYNepiHiH >KYHeCiH MIemy HOTHXKecl
KepceTinren. HoTwkenep U KpUIIaMIbIFBIHBIH X JKOHE Y KOOpAMHATAJIAphIHA TOYEUIITIHIH
rpaduri typinge OepinreH. HerypibIM Kypaeni >karfaiiiap HeMmece IoIipeK MOJENbJey YIIiH
KYPACMIPEK CaHIBIK 9/IICTEP MEH aITOPUTMJIEP KAKET OOJybl MYMKIH. bacTamnkpl koHE IIeKapasblK
maptrapsl (5)-(8) 6omnarein (1)-(4) exi exmemai HaBbe-CToke TeHaeyiH QYHKIUS TYpiHIE IIEHTY
YIIIIH COHFBI allBIPBIM 9IICIH KOJIITaHyFa 00JIa IbI.

Haswe-Crokc TeHaeyi xyienepit *KbplIIaMabIKTap YIIiH 0acTamKbl jKoHE HIeKapallblK MIapTTaphbl
Oap mapmibl alfMakTarbl €Kl eJIIeM/l CYWBIKTBIK aFblHbl YIIIH MIEHIyAiH HoTHXkeci X koHe Y
KOOp/AMHATTAapblHA HETI3AENTeH U XKbUIIAMABIK Tpaduri apkpuibl kepceriieni. OyHKIUS peTiHzae
OacTanKbl JKOHE IIeKapaJIbIK ImapTTapsel Oap eki emmemMal HaBbe-CTOoKC TeHCYIHIH HOTHIKEIEPIH
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BU3yanu3anusuiayaa 0i3 rpadukTepi Typrbi3yaa «matplotlib» kitanmxanacsiH, rpaduKTi alHAIIBIPY
KOHE ayJapy/la MHTEPaKTUBTI MaijanaHymbl HHTepdeicin kacay ymiiH «ipywidgetsy KoimgaHa
anambi3. barmapiama rpaguKTiH Kepy OYpBIIITapblH ©3repTyre MYMKIHJIIK OEpPETiH €Ki CHIPFBITIACHI
Oap MHTEPAKTUBTI MakgaIanyIbl HHTEPQEHCIH jxacaiapl. HoTmkeHiH rpadurin op TYp:l KarbIHaH
Kapay YIIIiH OypyFa jkoHe aifHaIIpIpyFa 00Jabl.

CoHFBI allBIPBIMIIBIK CXEMaJiap SJICIH KOJIZaHa OTHIPHII, 0ACTAIKbI KOHE NMICKApAIbIK MIaAPTTaPhI
6ap eki emmemai HaBbe-CTOKC TeHjEyiH HICUIy >KOHE OPTYpPJi TYCTEPMEH dp TYpJi KaFblHAH
HOTIDKEJIEpIl  BU3yalm3almsuiay yorH 013 «numpy», «matplotliby, xoHe «ipywidgets»
KiTalxaHaJapblH KOJI/IaHa ajjaMbl3. 3epTTENETIH TallChIpMa HOTUKECIHIH MBICAIIBI:

Exi emmemai HaBbe-CTOKC TEHJEYIH COHFBI alBIPBIMIBIK CXEMallap OICIH KOJIJaHA OTBIPBIIL,
OacTarnKpl )KOHE MEKapabIK MapTTapMEH MICITY KOHE TYCTEP/Il 03repTy kKoHE TpapUKTI alHAIIBIPY
MYMKIHJIITIMEH 9p TYPJIi )KaFbIHAH HOTHKEEPIl BU3yalu3aisuiay Y 613 «numpy», «matplotliby,
XoHe «ipywidgets» KiTamxaHanapblH KOJIJaHa ajnambl3. barmapiama Tyc cXeMachlH ©3repTy JKOHE
rpaduKTi alfHAIIBIPy MYMKIHIAITT Oap WHTEpaKTUBTI MalfamaHylmibl WHTEpQEenci >KacibIHaIbL.
JluarpaMMaHbIH Kepy OYpBIIITapbIH ©3repTy YIIIH JKYTIPTKUIEPl KOJIaHy JXKOHE TYC CXEMAacChIH
TaHJay YUIH ambIMansl Ti3iM. MyHzna OGactankbl KOCHHYC (DYHKUIUSUTApBl JKOHE CHHYC
GbyHKIUsIapel peTiHAe mieKapaiblk Imaprrapbl 6ap 2D HaBbe-CTOKC TeHEYJEpiH COHFBI
alBIPBIMIBIK CXeMaap OIICi apKbUIbl MICHICTIH Oaraapiamaia HOTHKEIEpIl dpPTYypii TyCTepMeH
Oeiinenen rpadukTi ailHaNABIpyFa MYMKIHIIK Oepeni. byn kon kepy OyphIlITapblH €3repTy YIIiH
KYTIpTKizepi O6ap MHTEpaKTUBTI MaifanaHylibl HHTEp(ENCIH KoHe TyC KapTachlH ©3TepTy YIIiH
aIIbLIMAITBI MO3IpJIi JKacaiiabl. ByphlmTapapl peTTey YIIiH CHIPFBITHANAPIBI XKOHE BU3YaTU3aIlHsI
YIIiH TYC KapTachblH ©3TrepTy YIIiH ambIMalibl Ma3ipli maiganaHyra O0omansl. byn cunarramana
OarjapiiaMaHblH HETI3rl KagamaapblH KaMTuabl. HoTwxkecinae 013 TIKOYPBIINITH aiiMaKTaFbl
KBUITAMJIBIKTapABIH KaJaMJIIbIK ©3repyiH ajambl3. YakbIT OOWBIHINA €Ki ©JIIeMIl aiMaKTarbl
TEeMIIEpaTypa, KbICHIM >KOHE JKbUIIAMABIK apKbLIbl 3- CypeTTe Oenriii Oip ailHbIMalbIHBIH ©3repyiH
KOpCeTeTiH OeTTepliH ym emmemai rpadukTepiHiH cepuschl KepcerinreH. byn rpaduxrep
MOJIEJIbJICY MEH IKCIIEPUMEHTTIK JePEKTeP )KUBIHTHIFBIHBIH OPTYPJIl YaKbIT KaJlaMIapbIH/a.

Cypem 3. Benzini 6ip atinbimanvinly e32epyin kopcememin bemmepoiy
yui onuemoi epaghukmepiniy cepuscol

OpOip aumarpamma >KyHeHiH KyHiH Oenrimi Oip yakbITTa KepceTeli, Oyl e3repicTepliH
JMHAMHKAChIH OaKplIayFa MyYMKiHIK Oepeni. ['padukreri TycTep 3epTTeNeTiH aMaHblH MOHEpiHe
coliKkec Kenei, al OCbTep/Ieri caHAap KeHICTIKTIK KOOPAWHATTAp MEH YaKbIT KaJaMAapblH Oiaipei.
By Tanaaynbl KepHEKi KoHe TYCIHIIpyre KOJ KeTiMJli €TeTiH AepeKTep i BU3yaau3alusuiay ToCii.

3eptTey OaphIChIHIA MBIHAJAP AHBIKTAIIBI. AJIIBIMEH OHBIH €Ki OJIIeM Il aiMaKTarbl OpeKeTIH
Tanjgay YLiH TeMIepaTypa, KbICBIM HEMeCe KbUIIaMABIK CHUSKTHI (PU3MKAJBIK I1aMa aHBIKTaJabl.
ConaH keliiH OacTalKpbl JKOHE IIEKApaNbIK IIApTTapbl €CKEPe OTHIPHII, OChI IIaMaHbIH ©3repyiH
CUMATTAThIH MaTeMaTHUKAJBIK MOJEb jKacanaibl. backapy TeHjeynepiH Hiemy YIIiH CaHAbIK
o/icTep KOJJIAaHbUIAJBl, COAAH KEWIH HaKThl NPOLECTI KalTajgayFa »OHE YaKbITTBIH OpTYpJl
HYKTEJIepiHAE JepeKTepli ajdyFa MYMKIHIIK OepeTiH KOMIBIOTEPINIIK MOJENbACY KYpriziiesi.
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ATBIHFAaH HOTWKENEp YakKbIT OOMBIHIIA MIaMaHBIH ©3TepyiH OakblIayFa KOHE 3aHIBUTBIKTapIbI,
aybITKyJapabl HEMECEe TYPAKCBI3IbIKTApAbl aHBIKTAYFa KOMEKTECEeTiH TrpadHUKTep apKbLIbI
kepineni [15] (Cyper 4).
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Cypem 4. 3epmmey npoyeciniy Kaoamoapwl

Opi Kapaii, MoJIeNIb/Iey HOTHXKENEP1 931pIAeHIeH MOICIIbA1H AJAITH pacTay YIlliH SKCIIEPUMEHTTIK
JIEpEKTEepMEH HEMECe [QJICNJIEHIeH MOJIENbJIEPMEH CaNbICTHIPhIIAAbL. JlepekTepai TYyCiHAipy
HeTi3iHIe OaKbUIAaHATHIH KYOBUIBICTAP/bI AHBIKTAHTHIH (DU3MKAIIBIK IPOLECTED KOHE OJapIIblH
KYWEHIH MiHe3-KYIKbIHAa ocepi 3eprrenemi. COHFBI KE3€H-MOJIENb/II OHTAMIAHABIPY, ON JJIIKTI
KaKcapTy HeMece KYPri3iireH Taljay HeTi3iHJe OpTYpJi CUeHapuiiIepl 3epTTey YIUiH Ty3eTyl
KAMTH/IBI.

KopsIThIHABI

3eprTey OapbichbiHIa OacTamKkbl JKoHE WIETKI J>Karjaiiapbl Oap TIKOYPBIITHL aiiMakKTarbl
CBHIFBUIMANTBIH CYWBIKTBHIK aFbIHBIHBIH €CENTEPiH IIelly YIIiH >XacaHAbl WHTEIUIEKTTI KOJIaHa
OTBIPBII, COHFbl ANBIPMALIBUIBIKTAPBIH CaHABIK OMICI JKacayl[bl KOHE TalJlaHAbl. 3epTTeyaiH
MaKcaTbl CaHJABIK OMICTIH AQNAITiH, THIMILIITIH >KOHE KOHBEPICHIUS JKbUINAMBIFBIH JKaKCapTy
6011b1. COHFBI aMBIPMAIIBUIBIK OMICIH JKacaHIbl WHTEIUIEKT SJiCTepiMeH OipiKTipy MoJIenbaey
HOTHKENIEpIH alTapibIKTal KakcapTyFa MYMKIHAIK OepeTiHl KepceTuireH. Mbicanbl, Kellecl yakbIT
KaJlaMbIH/Ia KbUIIAMIBIK ME€H KbICBIM MOHJEpiH OoJkay YIIiH HEHpOHJBIK Keluiepal maiaaiany
HIENIIMHIH JJIIITIH )KaKcapTyFa MyMKIHJIK Oep/il.

OMICTIH MapaMeTpiepiH OHTaWIaHIBIPYABIH OPTYpJl alropuTMJIEpi e 3epTTenii, Oyl OHBIH
THIMJIUTIIT MEH JKYMBIC KbUIAAMIBIFBIH JKaKcapTyFa okenal. OHTaiJaHIbIPbUIFaH OJIC dPTYPIIl
CYMBIKTBIK aFbIHJApBIH MOJETbACY Ke31HJIe KaKChl KOHBEPI€HIIUS MEH JIONIIIKTI KepceTTi. 3epTTey
CYWBIKTBHIK aFbIHAAPBIH MOJAENBICY/IH CaHABIK SJICTEpIH KaKCcapTy YILUIH >KacaHAbl MHTEIIEKTTI
KOJIJaHy NePCHEeKTUBAIBIK OaFbIT OOJIBIN TA0BIIA/Ib] )KOHE THPOIMHAMHUKAHBIH KYPAEIl MaceseNepin
LIENYIIH JJIIPEK KOHE TUIM/I 9/1ICTEPIH jKacayFa oKelyl MYMKIH JIeT€H KOPBIThIH/bIFA KeNe/l.

Exi emmemai aiimaktarel HaBbe-CTOKC TeHIEYJEpiH JKYbIKTay YIIIH COHFbI aibIpMallbLIbIK
O/ICIHE HETI3JENTeH CaHBIK CXeMa Kacaybl. ¥ CHIHBUIFAH ofic OepiiareH OacTamkpl jKOHE IIETKI
Karjainapel Oap CBHIFBIIMANTBIH CYHBIKTBHIK aFbIHBIHBIH €CENTEPiH THIMJI IIeNIyre MYMKIHIIK
oepeni. TpuroHoMeTprsUTbIK ~ QYHKOUSUTAPABI  KOJJaHa  OTBIPHIN, OacTamkbl JKOHE  IIETKI
KaFIalIapAbIH JKYBIKTAaybIHA Taj/ay >Kacalbl. ¥ CHIHBUIFAH OJIC KYBIKTAY/AbIH KOFapbl JOJIIITIH
YKOHE CaHBIK IICITIMHIH TYPaKTBUIBIFBIH KAMTAMAaChI3 €TETIHI KOPCETIITEH.

Ecentin opTypii mapameTpiiepi MeH MIapTTapblH KOJJAAaHA OTBIPBIM, 931pJIEHTeH CaH[BIK SIICTIH
THIMJIUTITT 3€pTTeNal. ¥ CHIHBUIFAH OMICTIH apTHIKIIBUIBIKTAPBIH KOPCETETIH CAHMBIK TalAay/bIH
06acka ojicTepiMEH CaJbICTBIPMANbBl Tajjnay Kyprizsuigi. TikOYpwIITH alMakKTaFrbl CYHBIKTHIK
arbIHBIHBIH OPEKETIH BU3YyalIbl TajllayFa MYMKiHAIK OepeTiH Matplotlib kiTanxanacelH naiiagansn
CaHJBIK MOJICNBACY HOTHKENIEPIH BHU3yalM3alMsiay YCHIHbUIFaH. VMIHTEpaKkTHUBTI MaiijagaHyIIbl
uHTEep(deNci HOTWKEIEpl TalJayldsl KOHE MOJENb TapaMmeTpiiepiH ©3TepTydl JKEHUIACTEI].
Ocputaiiia, GacTankbl >KOHE IIETKI >Kargaimapbl O6ap TIKOYpHIITH aliMaKTarbl CHIFBUIMANTBIH
CYHBIKTBIK aFbIHBIHBIH €CENTePiH MMy IiH CaHIBIK COHFbI albIPMAIIBIIBIK /IICiH 3ePTTEy OCHIHIaN
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ecenTepal MOJENbICY/IIH THIM/II XKOHE IO 9MICIH kacayFa MyMKiHIIK Oepai. CaHIbIK MOJAETBACY
HOTWIKEJIEpl KYTUICTIH aHAJUTUKAJIBIK MOHJIEPre CoHWKec Keneli, OWJI COHFBl albIpMaIIbUIBIKTAP
OMICIH JKYy3ere achIpyIbIH IYPBICTBIFBIH pacTaiifpl. HoTwkenepai BU3yanu3anusiiay yakKbIT TEH
KCHICTIKTET1 aFbIHHBIH 3BOJIIOIMSICHIH KOPHEKI Typjae OakpulayFa MYMKIHIIK Oepezi, Oy OHBIH
cUmnarTaMaiapbl MEH MiHE3-KYJIKbIH Talfay YIIiH MaHbI3A6L.OChl callafarbl KOCHIMIIA 3epPTTEyIIep
CYWBIKTBHIK aFbIHJIAPBIHBIH 0acka TYpJICpiH MOJENbJEY YIIIH >KacaHIbl MHTEIUICKTTI KOJJIaHYIbI
KCHEUTYTe jKOHE OJIaH J1a JJJ1 )KOHE THUIMJII CaHIBIK MOJICIIb/ICY YIIiH MapaMeTpiepai OHTAMIAHABIPY
ONiCTEPiH JKaKcapTyFa OaFbITTAybl MYMKIiH.
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HUHTEPHOJIAIUOHHASA TEOPEMA TUIIA MAPIIUHKEBHUYA
JJI51 JIOKAJIBHBIX ITPOCTPAHCTB MOPPU

Annomayus

Hannas paboTa HOCBSIIEHA 10Ka3aTeIbCTBY HHTEPIIOSIIMOHHON TEOPEMBI AJIsl JJOKAIBHBIX POCTPAHCTB
Moppu. Llenpto naHHON pabOTHI ABISETCS N3yYSHNE WHTEPIIOSIUOHHBIX CBOMCTB JOKaIbHBIX POCTPAHCTB
Moppu. AHaMM3UPYIOTCSI XapaKTEepPHblE OCOOCHHOCTH AAaHHBIX IpocTpaHCTB. Ha OCHOBe NIpOBENEHHBIX
WCCIIEIOBAaHUN JT0Ka3aHa MHTEPIOALMOHHAsA TeopeMa Tuna MapuuHkeBHYa AJ JTOKAJIBbHBIX MPOCTPAHCTB
Moppu Ha OJHOPOJHBIX TPyIHax. DTOT pe3yabTaT BaXKEH Kak Uil Teopud QYHKIUH M QYHKIHMOHAIHLHOTO
aHanM3a, TaKk U Ui NPWIOKEHUH. BblsiBieHa 1 000CHOBaHAa MHTEPHOJISILIMOHHAS CIIOCOOHOCTD JIOKAIBHBIX
MIPOCTPAaHCTB MOpPpH B CiIydae JMHEHHBIX ONepaTOpoB. I MOMy4eHns pe3ynbTaTa HCIIOJIb30BaIlCh METOBI
WHTEPIOISAIUHN 11 QYHKIHMOHAIBHBIX MPOCTPAHCTB, CBOWHCTBA BIOXKEHHS W METOJBl (YHKIHMOHAILHOTO
aHanm3a. B xadecTBe MeTONa MHTEPHOIALMM HCIOIB30BANCA BEIECTBEHHBIM MeTox lletpe, a B kauecTBe
OCHOBHBIX HEpPaBEHCTB (YHKIIMOHAILHOTO aHajm3a — HepaBeHcTBa | €mpaepa, MunkoBckoro, Xapam. Ha
OCHOBE ITPOBEJICHHOTO UCCIIE0BAaHUS CIeTyeT OTMETUTh, YTO B CITy4ae JIMHEMHBIX OIepaTOPOB IIKala JaHHbBIX
IMPOCTPAHCTB ABJISACTCA I/IHTGPHOHSIHI/IOHHOﬁ B OTJIMYHUEC OT KIIACCUUCCKUX IMPOCTPAHCTB MOppI/I

KuroueBbie cioBa: npocTpanctBa Moppu, JOKadbHblE IpOCTpaHcTBA MoppH, KBa3H-aJdUTHUBHBIM
ornepaTtop, JIMHEWHBIM OIepaTop, HHTEPIOALMOHHAS TEOpeMa, WHTEPIOMANUOHHAS TeopeMa THma
MapuunkeBuya.

D.K. Chigambayeva
AstanalT University, Astana, Kazakhstan
MARCINKIEWICZ-TYPE INTERPOLATION THEOREM
FOR LOCAL MORREY SPACES

Abstract

This paper is devoted to the proof of the interpolation theorem for local Morrey spaces. The purpose of this
work isto study the interpolation properties of local Morrey spaces. The characteristic features of these spaces
are analyzed. Based on the research carried out, the author proved the Marcinkiewicz-type interpolation
theorem for local Morrey spaces on the homogeneous groups. Thisresult isimportant both for function theory
and functional analysis, and for applications. The interpolation ability of local Morrey spaces in the case of
linear operators is revealed and justified. To obtain the result, interpolation methods for function spaces,
embedding properties, and methods of functional analysis were used. The rea Peetre method was used as an
interpolation method and Holder's, Minkowski's, Hardy's inequalities as the basic inequalities of function
analysiswere used. On the basis of the research, it should be noted that in the case of linear operatorsthe scale
of these spacesisinterpolational in contrast to the classical Morrey spaces.

Keywords: Morrey spaces, local Morrey spaces, quasi-additive operator, linear operator, interpolation
theorem, Marcinkiewicz-type interpolation theorem.

J.K. UurambaeBa
AstanalT University, Acrana k., Kazakcran
JOKAJIAI MOPPU KEHICTIKTEP YIIIH
MAPIIMHKEBHAY TUIITI HHTEPIIOJIALUAJIBIK TEOPEMA

Anoamna
Byt xymbic tokamai Moppu KEHICTIKTEp YIIiH MHTEPIOJISINS TEOPEMaChIH JIAJNeNieyTre apHalFaH. by
KYMBICTBIH MakcaTbl JIOKaIli MoppH KEHICTIKTEpIiH HHTEPHOJSLMIIBIK KACHETTEPiH 3epTTey OOJbII
Tabbutaabl. by keHicTikTepre ToH Oenrinep Tanganansl. JKyprisiireH seprreynep Herizinze sokanai Moppu
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KEHICTIKTep YIIiH MaplIuHKeBUY TUNTI OIpTEKTI TomTapAa MHTEPIOALMSIIBIK TeopeMa AoJenaereH. by
HOTIDKEe (DYHKIUS TEOpHsCHl MeH (ZYHKIIMOHAIIBIK TalAay YIOIiH A€, KOoNAaHOamap YIIiH /e MaHBI3IBL
CBI3BIKTBIK OTIEpaTopiap >KardalbIHAArel JOKanAi MoppH KeHICTIKTEepHIiH HHTEPHIONSIHUAIBIK KalineTi
aIIBUIFaH XoHe HerizaenreH. HoTumkeHi any yuriH (QyHKUMSUIBIK KSHICTIKTEp YIIiH HHTEPHOJSIIUS 9IicTepi,
KipicTipy KacHeTTepi jkoHe (PYHKIIMOHAIABIK Tajaay oSficTepl KojmaHeUAbl. VHTepmosius ofici perinae
meiHalE! [leTpe omici, an GyHKIIMOHANIBIK TaNJayIbIH HETI3r1 TeHci3aikTepi perinae I 'énnep, MuHKOBCKUH
XKoHE Xapau TEHCI3AIKTepi KOJIMaHbUIAbL. 3epTTeyre CylieHe OTBIPHIIN, ChI3BIKTHIK OTIepaTopiap JKarJaibiHaa
KJIACCUKAJIBIK MOppH KEHICTIriHEH albIpMAaNIbUIBLIFEI OYJT KEHICTIKTepAiH MacIITa0bl HHTEPIOJSINAS OOJIBIT
TaOBIIATHIHBIH aTall OTKEH XKOH.

Tyiiin ce3nep: Moppu KeHicTiKTep, JoKanai Moppu KeHICTIKTep, KBa3u-aJAUTUBTI ONEPaTOp, CHI3BIKTHI
OIIepaTop, MHTEPIOILMSIIBIK TeopeMa, MapIHKeBUY THITI HHTEPIOJSIMSIBIK TeOpeMa.

OcHoOBHbBIE TOJIOKEHH S

B l[aHHOf/'I CTaThbeC HpeIICTaBHGH I/IHTepHOJIHI_II/IOHHBIf/i METOAO, paCCMOTpeHHBIX B JIOKAJIbBHBIX
MPOCTpaHCTBaxX THNa Moppu Ha OJHOPOAHBIX rpymmax. VccienoBanue akleHTUPYyeT BHUMAaHKUE Ha
WHTEPIIOJSIIIMOHHON TeopeMe Tuna MapiuHKeBUYa CHEIMU(PUIHO PACCMOTPEHHOW B cliydae
JIOKAJIbHBIX TMPOCTPAaHCTB MoOppu ¢ HPUMEHEHHWEM CBOICTB OJHOPOIHBIX Tpynm. Pe3ympTaTs
HOI[TBep)KIlaIOT HGO6XOIII/IMOCTI) I[aJIBHefIHICFO aHaJIn3a I/IHTepHOJU[III/IOHHI)IX CBOfICTB HpOCTpaHCTB
tuna Moppu ¢ X IPUMEHEHHEM Ha clTy4dail OrpaHHYE€HHOCTH PA3TUYHbBIX HHTErPATbHBIX OIIEPaTOPOB
B HUX. DTO JIaCT MEPCIEKTUBBI IS pa3padOTKH TEOPUU MPOCTPAHCTB THUIIAa MOppH 111 OJJHOPOIHBIX

IpyIIL.

BBenenue
I[Mycth 0<p<oon0<A1< %' [IpoctpanctBa Moppu Mé‘ OTIPEIEIISAIOTCS. KaK MPOCTPAHCTBA

BceX (hyHKIMIA f€ Ll,f ¢(R™), Takux 4TO
1 g = 1 gy = sup SUE 11y a0 <

rae B (x) — oTkpsIThIii miap pamuyca t > 0 ¢ ueHTpom B Touke XeR™ (cm. [1]). Eciiu 4 = 0, To0
Mp(R™) = L,(R™), ecnu A = g, TO M;l/p (R") = Lo (R™). Ecmu A < 0 mom A > g, TO Mz); = 0, rae

© — MHOXECTBO BCEeX (DYHKIIMI, SKBUBAIICHTHBIX HYJIIO Ha R™.

IIpoctpancTBa Moppu U HX pa3indHble 00OOIIEHUS WHTEHCHBHO U3Y4YarOTCsl C TOYKU 3PEHUS
COBPEMEHHOM TEOPUHM MHTEPIIOJSIUN U UTPAIOT BAXKHYIO POJIb B IPWIOKEHUAX K BApUALMOHHOMY
UCYMCIIEHUIO U TEOPHM YPaBHEHHMI B 4YaCTHBIX Npou3BOAHBIX [2]. Kiaccmyeckue mpocTpaHcTBa
Moppu OblIN BBEJIEHBI B CBSI3U C U3YUYEHHEM YpaBHEHUH C YaCTHBIMM Npou3BoaAHbIMU. Kpome Toro,
pocTpaHcTBa MoOppH OKa3zaluch BeCbMa YJOOHBIMU U €CTECTBEHHBIMM JJISi U3YyUEHHUs CIOKHBIX U
BaYKHBIX YpaBHEHUI MaTeMaTHueckoi pusuku. Hakonern, orMeTuM, 4To Teopus npoctpaicts Moppu
B IIOCIIEHEE BpEMs IIOJy4Yusa CBOE €CTECTBEHHOE M MOIIHOE pAa3BUTHE B paMKaX TEOPHUHU
MHTEPIOJSIIMU (PYHKIIMOHATIBHBIX IPOCTPAHCTB.

HHTeprnonsiuoHHbIe Pe3yabTaThl IS MPOCTpaHcTB Moppu Obun nonydeHsl Ctammnaxua [3],
Kammnanaro u Mepdu [4] B 1964 r. bouio gokazaHo B padote [4], 4To asl pg # P1,qo #* g1 4

. Ao -
T:Lg, = M, c HOpMO#L M 1

) A1 .
T: qu - Mp1 ¢ HopMmo# M,, Torga

: 2
T:Ly » M
¢ HopMoit M, < cMytM,° npu 0 < 6 < 1I/Il=ﬂ+i,l=ﬂ+i,ﬂ =1-0)1,+
p Po P1 q qo q1

01,.
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Hanee Ilerpe [5], bmacko, Pym3 u Bera [6,7] B 1995 r. B pabore [7] paccmoTpenu
WHTEPIOJIMOHHYI0 TIPOOJIeMy il MPOCTPAaHCTB MOppH BEIIECTBEHHBIM HHTEPIIOJISIIUMOHHBIM
METOOM H JIOKa3aJH , 4TO

(Mflo’le}l)e’oo c M},
me1$p<oo,o</10<pi,0<,11<p1,/1= (1—80)A+61,,0<6<1.
0 1
B vactHocTh, Ilerpe nokasan, 4ro
Ao g7
(M,°, MyM) g0 # My

Bsuto nipoBeero Gosee moapoOHOE HCCIeOBAaHNE TIPOOIEMBI HHTEPIONISAIMH IS IPOCTPAHCTB
Moppu. B wactaoctu, Jlemapue-Proccet [8] B 2013 r. mokasai ciieayroliee BIOKEeHHE

Ao Aq A
(Myg, My o0 © My,

1_1-6 , 6
rae 1 < pg,pr < © no=—= + - BEPHO TOIa 1 TOIBKO TOTAA, KOT/A Po = P
0 1
JanbHeitmue o000IIeHUs] CBONCTB HMHTEPIONSIUU ObUIM TMOJTy4YeHbl B [9], a uMeHHO ObLia
JI0Ka3aHa MHTEPIIOJSIIIMOHHAs TeopeMa Tua MapuuHkeBrya Jij1si 000011eHHBIX TPOCTPaHCTB Moppu
y)
M) . o [10].
Paccmorpum monsitue omHOpoaHbIX rpymi. ['pynmy Jlu (Ha R™) G Ha30BeM 0JHOPOJHOM, €CIiU
uMeeT Mecto pactpenue D) (x), Takoe 4To

Dy (x) == (A"1xy, ..., A"nxy,), Vi, ., Uy >0, Dyi:R™ - R,

KOTOpoe siBisieTcst aBToMopduzMom rpynmsl G st kaxmoro A > 0. Bonee Toro, map ¢ neHTpoM
B Touke xe€@ u pagnycom t > 0 onpenenum Kak

B(x,t) = {yeG:|xy| < t}.

3ametum, uto Mepa Xaapa Ha G coBnamaer ¢ Mepoii Jlebera, a Mepa mapa UMeeT CIEAYIONIYIO
OLICHKY
C™1t" < |B(x,t)| < Ct".

OpHOpOoJHBIE TPYIIBI MPEIOCTABISAIOT COOOM JIOKaJbHBbIE MOJENU [ MHOTHX BOIIPOCOB
CyO3JUIMITHUECKOTO aHal3a M CyOpMMaHOBOM TeOMETpHH, MX Ba)XKHOCTh IIHUPOKO MpPHU3HAHA,
MOCKOJIBKY CYIIECTBEHHAs! POJIb OHHU CHITPAJIM B BBIBOJIE TOYHBIX CYOIJUIMIITHUECKUX OICHOK IS
muddepeHMaNbHBIX OMEepaTopoB Ha MHOrooOpasusax. [nsg oOcyxkaeHus MOHSTUS W CBOWCTB
OJTHOPOJIHBIX TPYIIIT MOXHO HaTh B KHUTE [11].

B nanHoli paboTe MBI JOKa3bIBaeM HHTEPHOJSLMOHHYIO TeopeMmy Tuna MapluHKeBUYa s
JIOKAJIbHBIX TMPOCTpaHCTB Moppu LM{}((GJ) Ha OJIHOPOAHBIX rpymnmnax. PaccMmorpum LM{}((G:) c
CIIEyIOIEl KOHEUHON HOpMOH 11 Beex xeG

_ 2
1 mzey = S;‘:gt L, B@.o)-

3amMeTUM, 4YTO B3aMMOCBA3b JIOKAJIBHBIX IPOCTPAHCTB Moppu ¢ mpocTpaHCTBaMu Moppu
BBIPA)KAETCsl CIETYIOIUM 00pa3oM

”f”M{;((G) = ilelgllf(x +')||LM{;(G)'
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MeTtopnoJsiorus UCCae10BAHUSA
B nanHOlf paGoTe ans  JOKas3aTenbCTBAa  YTBEPXKIEHUHM  UCIOJB3YIOTCS  M3BECTHBIE
(GyHKIIMOHATBHBIE HEPABEHCTBA, @ MIMEHHO HepaBeHcTBa | &nbaepa, MuHKOBCKOTO, Xapau.

11 1 "
Ecmn 0 < p,pg,p1 S 0o m . + 5, TOT/Ia BEPHO HEPABEHCTBO I'énpnepa
0 1

£y @ < 1F L, @191, @ (1)

nns Beex Gynkumii f € L, (R") u g € L, (R™).
Ecu 0 < p < o0, Torna BepHO HepaBeHCTBO MUHKOBCKOTO

(-1)
I+ 9l <27 “"Ufll,@m + 191l,@) (2

nns Beex Gynkuuit f € L,(R") u g € L,(R™) u a, = max{0, a} nus Bcex a € R.
Ecmn > 0,—0o<v<oou(0<o<1< 00, TOrAa BEpHBI CICAYIONINE aHAJIOTH HEPaBEHCTB
Xapau

U, oy (r—V|g<r)|)“‘i—r>§)f‘;—yﬁ < (uo) o ([ (y-ﬂ-wg(y)nf%y)% 3)

Uy o*d, (r”|g<r)|)“‘i—r>§)f‘;—yﬁ < (uo) o ([ (y”_vlg(y)l)fi}—y)%. (4)

[IpuBeneM CBOMCTBA BJIOKEHUS JOKAJIbHBIX TPOCTPAHCTB Moppu.
Jlemma 1.1 Ilycmo 0 < py < p; < 00, mozoa

A A
LMpll (@) - LMP(‘)’ (@),
_ n(po—p1).
20e Ay = Ag + Erw—

Hokazamenvcmeo. Ilycts f € LM 4 (@). ITpumenss HepaBeHcTBO '€nbaepa (1) u, 3aMeTUB YTO

P19
|B(x,t)| < Ct™, nonaydum cleayrolne HepaBeHCTBA

= —2o <
”f”LM;g(@) Stligt L, Bty <

1 1
< supt % |B(x, t)|ro P fllL,, Bty =
t>0
_(Ao_n(m—po))
= Stligt Pop1 | fllL,, Bty = ”f”LM;i((G)'

A1 Ao
4TO 03HavaeT Bioxenue LM, . (G) < LM, ,(G), 4To n TpeGoBanock 10Ka3arh.

Jlnst  moka3aTenhCTBa OCHOBHOTO BBIBOJA HCIOJB3YIOTCS METOABI TeOpuM (PYHKIIUUA U
(YHKIIMOHATBFHOTO aHAJIM3a, METO/IbI BEIIeCTBEHHOW uHTepnosun [12,13].

Pe3syabTaT nccienoBanus
Teopema 1.2
Ilyems 0 < ag, a1 < 0,0 By, 1 <©, ag #ay, fo#FPL1,0<p, <0, 0<O8<1u

a=(1-0)ay+0a;, =(1-6)B,+ 0p;.
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Ilycmo T — KkeasuadoumusHvlili onepamop Ha UxeG(LMZO (@) + LM;Z ! ((G)), maxou umo 0ns

Hexomopwix My, My > 0 eepubl credyrowue nepaseHcmaa
T 1ty < Mol N (5)
ons ecex xeG, [ € LMgi (@), i = 0,1, mozoa

ITf W ) < AM3=ME 11 f L)

ons ecex f € LMy (G) uc > 0.

Jduckyccus

Jlokazamenvbcmao.

1. Iycts f € LMy (G). dns xeG, s > 0 onpenenum GpyHIuu
£ = { f(y),ecin [x"1y| <s

95 7 10, B mpoTHBHOM CJIy4ae

f _{ f),ecmu [x~ty| > s
15710, B npoTUBHOM Ciyuae.

Torna f = fo s + f1,s ¥ 0 HepaBeHCTBY (2) UMeeM

||Tf||Lq(B(X,t)) = IT(fos + fl,S)IILq(B(X,t)) < Al[ITfos| + 1T fisl L, <
G-1)
< 24 +A(||Tf0,s”Lq(B(x,t)) + T fusllLgBeee))s

rae a, = max{0,a}.
W3 HepaBeHcTBa (5) momyyum

”TfO,S”Lq(B(x,t)) = tﬁot_ﬁolleO,slILq(B(x,t)) <

=< tﬂosupr_ﬁo”TfO,s”Lq(B(x,r)) = tﬁOHTfO,s”LMﬁo(G) < Motﬁollfo,s”LMgO(G) =

r>0 q

= Mot ( sup 7 [Ifoslly (peurr) + supr o fosl iy (o) )
Tr>Ss

Osrss
Ecu 0<r<s wu [x'y|<r, torma |x'y|<su fo,(y)=/f(y), caenosarenpHo
fosll,ary = = fllL,er). Bom r > s u yeG\B(x, ), Toraa fos(¥) = 0, cienoBarensHo
”fo,sl |Lp(B(x,r)) = ||f] |Lp(B(x,s))~ Taxum o6pazom,
SUP T | ol (50er) = SUP T 1F1l )
u
supr = || fosllL,8eer) = I llL,es)supr™ =
r>s r>s
= 1flle,Basys ™ = ||f||Lp(15¢(x,s))5_a°50‘1Slip?”_a1 =
r>s

= s®1~%supr~*||f| |Lp(B(x'S)).
r>s
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CnenoBareibHO,
T foslliy@Be) <

< 1\/101530 sup T ”f”Lp(B(x,r)) + Sal_aosgpr_al”f”Lp(B(x,s))]'
r>s

0=srs<s

AHANOrHYHO, U3 HepaBeHCTBa (5), MOcKoNbKY f1 ¢(¥) = 0, ecm [x~ty| < ru |fis (D] < IfF )],
eciu y € B(x,r) N (G\B(x, s)), momy4nm, 4to

T fuslliy(Beny) = tﬁlt_ﬁlll’rfl,slILq(B(x,t)) <

< Myth ( sup = | fisllL, 8eer) + Slipr_al ”fl,s”Lp(B(x,r))) =
r>s

0<rs<s

M;tPrsupr—a L, Barn@Bes) = M;tPr supr—a 1L, (Beer):
r>s r>s
Tak, g Bcex t > 0 u s > 0 umeem
T FllLy(sxey) < C1AMotPo[ sup 1= ||fll, (s + 5“7 supr™If |, (5ry)]
0<r=<s r>s
+ M, th sgpr““l [f1 |Lp(B(x,r))'
r>Ss

rae ¢; > 0 3aBUCUT OT napamerpa q.

2. peamnonoxuM, 910 @y < 1, < 1 ¥ HONOXKUM S = ct, rme y = gl_ﬁo
1

, 1 ¢ >0 Oynmer
o
BbIOpana nosxe. Toraa

T = supt~P||T <
I f”me(@) Sup T fllLq@ )

< cA(Mol, + Mo, + My13),

rae
I, = suptPo=F sup =], @ar).
t>0 osrsctY
I, = (ct¥)*1~%suptFo=F sup L, Ben)
t>0 r>ctY
u
I3 = supt’=F sup r=*||f]|,, B cery)-
t>0 r>ctY
S Bo-B
Jlenas 3ameHy mnepemeHHoH ct¥ =7y, moiyuum t=cC YYYH TOCKOIbKY — Oy =
_ Bo=(1-0)Bo=6B1 _ 0(ay — ay), 1 — BizB _ _ B1—(1-6)Bo—6B1 _ —(1 - 0)(a; — ay), uMeeM

Y Y 14

L = 69(0&—“0)]1, I, = CH(CH—%)]Z' I; = C—(l—@)(al—ao)]3'

rae J1 = supy~#(@17%) syp 7”_“°||f||L,,(B(x,r))'
y>0 0<r=<y

], = Supy(l—e)(m—“o)sup?‘_“l||f||Lp(B(x,r))
750 >y

Js = Supy(l—e)(“l_“())supr_al||f||Lp(B(x,r))'
y>0 r>y
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3. st uHTErpaibHbIX OLEHOK J1, /5, /3 TPUMEHUM aHanoru HepaBeHcTB Xapau (3) u (4)

J1 < supy I f ey = If1lmg@
y>0
J2 = ||f||LM;;‘(G)

JERS ||f||LM;;‘((G)-
CrnenoBartenbsHO,

”TfllLMf(G) < CA(MOCQ(CH—ao) + Mlc_(l_G)(al_aO))l|f||LMg((G1)'

rjae ¢ > 0 3aBUCHUT TOJIBKO OT P.
1

M —
4. TTonoxuM Teneps ¢ = (M—l)‘z1 “ rtorga
0

ITf 1y < 2AM3 ™ MEIf s

5. Ecmu a1 < ag, o < f1 wnu ag < aq, 1 < Bo wim ay < @, f1 < Py, TOrAA pacCyxaecHUSI

aHaJIOTWYHBI 1aram 2—4, MeHssl TOJIbKO BbIOOp MapaMeTpoB Y U C.
1 1

_ My \a—a- - Mi\ag-a
B nepsom cyuae y = 200 ¢ = (—1) °=1, po BropomM ciyuae y = LFL ¢ = (—1) B
Ao—aA1 Mg a1—xo My
1
- Mi\ag-a
TPETHEM ClIydac y = M; c= (_1) ° 1'
Ao—aAq MO

Teopema 1 nokasana.

3ak/ro4yeHue

MerooM BELIECTBEHHOM MHTEPHOJLSINMU JIOKa3aHa WHTEPIOSALMOHHAA TeopeMa THIa
MapunHkeBrya 1Sl JIOKaJIbHBIX TPOCTPAHCTB MoppH.

3ameuanue. Ecmu T — nuHENHBIN onepaTop, TO yTBepxkaeHue Teopemsl 1 cienyer, UCHOIb3ys
CTaHJIapTHBIC aPIYMEHThI TEOPUH UHTEPIOISALUNA U3 PAaBEHCTBA

A A
(LMpO(G)'LMpl(G))H,T = LMZ/}(G)'
rI[CO <p,TS 00,0 </10,/11 < oo,/lo ¢/11,0 <0< 1, A= (1_9)10"‘911

BaarogapHocth

ABTOp BhIpaxkaet OnarogapHocTh LIeHTpy MeXTyHapoAHbIX TporpaMM bosamak B mpoxoxJIeHUN
HAay4yHOM CTaXXUPOBKM 3a (QUHAHCOBYIO mHojaepxkKy U lleHTpy aHanmza u auddepeHunanbHbIX
ypaBHEHMH JenapTaMeHTa MaTeMaTHuKu [eHTCKkoro yHuBepcuTeTa. Takke aBTOpP BbIpakaeT
OmaromapHocTh ipodeccopy M. PyxxaHckoMy 3a 1IEHHBIE COBETHI.
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APPLICATION OF BAYESIAN ANALYSISFOR COMPREHENSIVE ASSESSMENT OF
THE STATE OF FISH RESOURCESIN FRESHWATER ECOSYSTEMS

Abstract

Water resources, including rivers, lakes and reservoirs, play a key role in maintaining the ecological
balance, devel oping fisheries and preserving biodiversity. To ensure effective management and rational use of
water resources, scientific research is conducted annually, including control fishing, which is aimed at
determining the permissible catch volumes and devel oping strategies for preserving the aquatic environment.
Within the framework of such studies, special attention is paid to water quality, the state of the food supply
and the analysis of fish populations, including species, numbers and age structure. This study uses a Bayesian
approach that reveals complex patterns and dynamic changes in ecosystems that remain invisible when using
traditional statistical methods. This approach contributes to a deeper understanding of processes occurring in
water bodies and to the optimization of fisheries management. Bayesian analysis allows for more accurate
predictions of changesin fish populations and their structures, which contributes to improved management of
aguatic ecosystems and the conservation of biodiversity.

Keywor ds: Bayesian analysis, water resources management, monitoring, biodiversity, fisheries.

K.M. Illanen !, A. Axmenos?, A.T. PaxsimoBa !
JLH. I'ymuiieB ateinnarel Eypasus YITTHIK YHUBEPCUTETI, AcTaHa K., Kazakcran
2 amnac komnemxi, Jannac k., AKII
TYIbI CY 3KO)KYI71EJIEPIHIIEFI BAJIBIK PECYPCTAPBIHBIH, KAF IlAI7II)IH KEIIEHAI
BAFAJIAY YINTH BAMEC TAJIJIAYBIH KOJIJIAHY

Anoamna

Cy pecypcrapbl, COHBIH IIIIHAE ©3CHICD, KOJIep MEH Cy KOWMayapbl SKOJOTHSUIBIK TENe-TeHIIKTI
cakTayja, OalblK IMApyallbUIBIFBIH JaMBITYAa JKOHE OHMOJIOTHSUIBIK OPTYPJIUIIKTI CakTay/a MEmyln pe
atkapazapl. Cy pecypcTapblH THIMII 0acKapyabl jKoHE YThIMABI NaiJanaHyAbl KAaMTaMachl3 €Ty YIIiH KbLI
caiiblH OQJIBIK ayJiayIbIH KOJIAIBI KOJEeMiH aHBIKTayFa JKOHE Cy OpTachlH CaKTay CTPATEeTHSCHIH d3ipieyre
OarpITTaFaH Oakpulay OaJIbIK MIAPYallbUIBIFBIH KOCA alFaH/a, FRUIBIMHU 3epTTeysep >Kyprizinemi. MyHai
3epTTeyiiep/ie Cy carachlHa, a3blK-TYJIKIEH KaMTaMachl3 €Ty JKaf/laiiblHa »oHe OaIbIK IOIYJISIUSCHIHBIH,
OHBIH IMIiHAE TYPJEPiHiH, CAaHBIHBIH JKOHE JKaC KYPBUIBIMBIHBIH TallayblHA epeKile KoHUIT Oemineni. by
3epTTey JOCTYpJi CTaTHCTHKANBIK OSJicTepi KOJJIaHy apKbUIbl KOPIHOSHTIH JKoXyHenepaeri Kypaemi
3aHIBUIBIKTAP MEH JMHAMHUKAJIBIK e3repicTepii amy yiniH baiiec omiciH maiinmamanansl. by Ttocinm cy
00BbeKTiIepiHae OOJIBIN KAaTKaH MPOLECTEPAl TEPEeHIPEeK TYCIHyre >kKoHe OanbIK pecypcTapblH OacKapy.bl
OHTAWNaHJBIpYFa BIKIAN eTeni. badiec Tamgaysl OajbIKTap TMOMYJSIUACHIHBIH —KOHE  OJapJblH
3aHJBUIBIKTAPBIHBIH ©3repyiH JIoipeKk OoipkayFa MYMKIHIIK Oepeli, Oys cy dKoxyHenepiH OacKapybl
KaKCApPTYFa jKoHE OMOJIOTHSUIBIK SPTYPILTIKTI CaKTayFa oKelei.

Tyiiin ce3gep: bailec Tannmaybl, cy pecypcrapblH 0ackapy, MOHUTOPUHT, OHOSPTYPIUIK, OalbIK
MIapyalIbUTBIFBL.
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K.M. llanen %, A. Axmenos?, A.T. PaxsimoBa *
! EBpasuiickuii HaMOHATBHEII yausepcutet umenn JI.H. ['ymunesa, . Acrana, Kazaxcran
2 Jlannac xomnenx, Jamnac, CLIIA
IMPUMEHEHUE BAMECOBCKOI'O AHAJIN3A JJIs1 KOMILJIEKCHOM O EHKHA
COCTOSAHUSA PBIBHBIX PECYPCOB B IITPECHOBOJHBIX 9 KOCUCTEMAX

AHHOTaIUs

BoaHbie pecypchl, BKIIOYas PEKH, O3€pa W BOJIOEMBI, WTPAIOT KIFOYEBYIO pOJb B TOIJIEPKAHUU
AKOJIOTHYIECKOTO OajlaHca, pa3BUTHH PHIOOIOBCTBA M COXpaHeHWH OmopasHooOpasms. s obecreueHms
3G GEKTUBHOTO YNpaBICHUSI M PAlMOHATBHOTO MCIONB30BAaHUS BOAHBIX PECYpPCOB E€KErOAHO MPOBOISATCS
Hay4HbIE MCCIIEIOBAHMUs, BKJIIOYAIONINE KOHTPOJIbHBIC JIOBBI PHIOBI, KOTOpPBIE HAMpPAaBJICHBl HA ONpeAciIeHUE
JOMYCTHUMBIX OOBEMOB BBUIOBA W pa3pabOTKy CTpaTeruii cOXpaHeHHs BOJHOU cpeipl. B pamkax Takmx
HCCIIeIOBaHNH 0c000€ BHUMAHHUE yIENSIETCS KAYeCTBY BOABIL, COCTOSIHUIO KOPMOBO# 0a3bl U aHAIN3Y PHIOHBIX
MOMYJISIIAN, BKIIIOUast BUJbI, YACICHHOCTh M BO3PACTHYIO CTPYKTYpY. B TaHHOM Mccie10BaHUHU UCTIONB3YETCS
0alieCOBCKHU MOJX0T, KOTOPBIH MTO3BOIISICT BBISIBUTH CIIOKHBIC 3aKOHOMEPHOCTH U JJMHAMIUYECKHE H3MCHEHHSI
B DKOCHUCTEMAaX, KOTOPhIE OCTAIOTCS HE3aMETHBIMHU MPU MPUMEHEHUH TPAIUIIMOHHBIX METOJIOB CTATUCTHKH.
JToT MoaXoa crocoOCTByeT OoJiee IIyOOKOMY TMOHHUMAaHHIO IMPOIECCOB, MPOUCXOJAIIMX B BOJOEMAx, U
ONTUMM3ALMKN yNpaBieHUs pPHIOHBIMH pecypcamu. baiiecoBCKMi aHaln3 TO3BOJNSET 0Oojiee TOYHO
MPOTHO3MPOBATh W3MCHEHHS B TOMYJSINUAX PbI0 U UX CTPYKTypax, 4YTO CHOCOOCTBYET YIIyUIIICHHIO
yIpaBJICHHUS BOJAHBIMH SKOCUCTEMaMHU M COXPaHECHUIO OHMOpa3Hoo0pasusl.

KaroueBbie ciaoBa: bailecoBckuil aHanmu3, yIOpaBlieHHE BOJHBIMH pecypcamMH, MOHHUTOPHHT,
6ropazHooOpa3ue, ppIOOJIOBCTBO.

Main provisions

The study analyzes fish population dynamics in Kazakhstan using a Bayesian approach, which
reveals hidden patternsthat are difficult to detect with traditional methods. The results show changes
in fish abundance and age, helping to assess population sustainability and improve water resource
management. Special attention is given to monitoring the food base and water quality, which
influence fish development. Bayesian analysis enhances predictions of changes and optimizes fishery
management, contributing to the preservation of ecosystems and biodiversity.

Introduction

The Republic of Kazakhstan possesses significant water resources, including more than 5,000
rivers, lakes, and other bodies of water, which play a crucial role in maintaining ecologica balance,
developing fisheries, and preserving biodiversity [1]. These aguatic ecosystems are not only vital
natural resources but also play a decisive role in the sustainable socio-economic development of the
region. They provide avariety of ecosystem services, such aswater supply, maintenance of biological
diversity, and play a central role in the fishing industry, which is an important sector of the
economy [2, 3].

To ensure effective management and rational use of water resources, scientific research is
conducted annually, including fish stock assessments, which alow for the evaluation of population
status and resilience [4, 5]. These studies aim to establish permissible catch volumes and devel op and
implement strategies for the conservation of aquatic environments[6]. A crucial part of such research
is the monitoring of fish populations, which provides data on species composition, abundance, and
age structure, as well as identifying changes in their ecosystems. This data forms the basis for
management decisions aimed at the conservation and sustainable use of water resources [7].

One of theimportant aspects of environmental monitoring is the use of modern statistical methods,
including the Bayesian approach. Bayesian analysisisacontemporary method for statistical inference
that alows combining prior information about a parameter with new data to obtain an updated
understanding of the parameter'svalue. Thismethod is particularly useful in conditions of uncertainty
and complexity, asit alows for the consideration of both prior knowledge and newly acquired data.
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The advantages of Bayesian anaysis include the integration of prior knowledge, sequential
learning, flexibility, and adaptability [8-10].

Bayesian analysis allows for modeling and accounting for uncertainties in data, which enables
more accurate predictions of changes in fish populations and the identification of hidden patternsin
the data that are not always apparent when using traditional statistical methods [11-13]. This method
provides a more comprehensive understanding of potential changes in aquatic ecosystems and can
become an important tool in fishery management. The use of the Bayesian approach also allows for
the consideration of changes in population structure and more precise forecasting of their future
development [11, 14].

The application of Bayesian analysis in assessing the dynamics of fish populations and their
ecosystems improves long-term planning in water resource management and provides opportunities
for optimizing fisheries and devel oping measures to conserve the biodiversity of water bodies. It also
contributesto enhancing the quality of scientific forecasts and increasing the accuracy of management
decisions in fisheries and ecology [9, 13]. Thus, the use of the Bayesian approach enhances the
efficiency of monitoring, forecasting, and managing fish resources, promoting the sustainable
development of aquatic ecosystems and ensuring the safety of fisheriesin Kazakhstan.

Resear ch Methods

This study used a Bayesian approach to anal yse data on fisheries catches and age structure of fish
populations. Bayesian analysis was chosen as the main research tool due to its ability to account for
uncertainty in the data and use prior knowledge, which allows for more accurate modeling of trends
and forecasts. The basis of Bayesian statistics is the following formula

P(6|D)P(6)

P(OID) =~

where P(6|D) represents the posterior distribution of parameters 6 for given data D, P(8|D)
describes the likelihood of the data, P(0) isthe prior distribution of the parameters, and P(D) actsas
anormalization constant that ensures the correctness of the probability distribution.

To model the age structure of fish populations, a normal distribution was used, which allows for
flexible description of variable indicators such as mean age:

Age ~ N'(u,02)

where 1 isthe mean age value and ¢2 is the variance characterizing the degree of variability.

Theanalysis of dataon the proportions of different speciesin thetest catches was carried out using
a categorical distribution that can adequately account for the probabilities of proportional
representation of species:

Share of fish species ~ Categorical(p4, Dz, -, Pi)

wherep = [p4, P2, ..., Px] are probabilities corresponding to k different fish species.

The Markov Chain Monte Carlo (MCMC) method was used to estimate the parameters, which
allows iterative generation of samples from complex posterior distributions. The expected value of
the parameter 6 was approximated based on the sample mean:

where N isthe total number of sasmplesand 8; aretheindividual parameter values obtained from the
posterior distribution.
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The main advantage of the Bayesian method lies in its ability to handle uncertainty, which is
crucial when analyzing ecological data, where there can be various sources of errors and variability.
Unlike classical methods such as linear regression, the Bayesian approach alows for the
consideration of probabilistic distributionsfor all model parameters, providing amore comprehensive
understanding of potential trends and changes in fish populations.

To analyze the collected data, a Python script was developed, which automated data processing
and model building. The primary library used for Bayesian analysis was PyMC, which allowsfor the
creation of complex statistical models and sampling from the posterior distribution of parameters
using the Markov Chain Monte Carlo (MCMC) method [10].

The MCMC method alows for obtaining samples of model parameters and estimating their
distributions. Thisis particularly important when datais limited and it is necessary to account for the
variability of parametersin the model.

The main focus was on identifying trends based on two key indicators:

1. Average age of fish — an indicator reflecting the age structure of populations, allowing for
the assessment of reproduction dynamics and generational turnover.

2. Proportion of a specific speciesin control catches — arelative indicator characterizing the
distribution of populations and their dominant position in the ecosystem.

It should be noted that the indicators of average age and quantity in the control catch are
independent and assess the state of fish resources indirectly. The coincidence of trendsin changesin
average age and the share of speciesin catches serves as an additional indicator of the state of fish
resources. For example, an increase in average age combined with adecrease in the share of a specific
fish species in the control catch may indicate a slowdown in population reproduction, while their
opposite dynamics may indicate an improvement in environmental conditions or the effectiveness of
regulatory measures.

The study is based on scientific fishing data conducted on the Y esil River from 2014 to 2023. The
analysisincluded an assessment of the average age of fish in catches and the proportional distribution
of the main speciesin control samples. The tabular materials contain information on such species as
Roach, Bream, Pike, Common bass, and Tench (Tables 1-2). The presented datawere used to perform
analytical calculations and prepare reporting materials intended for submission to the LLP «Fisheries
Research and Production Centery.

Table 1. Average age of fish in the control catch, years

Year Roach Bream Pike Common bass Tench
2014 3.98 4.67 341 3.80 5.92
2015 357 411 3.66 3.64 5.00
2016 293 3.73 2.87 3.09 6.67
2017 2.86 3.48 2.65 3.06 4.70
2018 2.94 2.53 2.40 2.76 3.37
2019 3.17 2.78 2.56 3.17 3.92
2020 3.75 3.67 3.17 3.43 4,07
2021 311 2.99 2.89 2.98 3.37
2022 4.13 391 2.88 4.36 5.30
2023 3.48 4.27 3.69 4.08 6.67
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Table 2. Share of fish in the control catch, %

Year Roach Bream Pike C%rggslon Tench Total

2014 36.01 13.67 6.94 35.14 8.24 100.00
2015 41.80 15.17 5.88 32.51 4.64 100.00
2016 40.10 15.40 3.89 38.07 254 100.00
2017 35.92 24.35 345 34.54 173 100.00
2018 30.29 25.63 6.27 32.97 484 100.00
2019 37.48 21.26 6.29 31.70 3.27 100.00
2020 3194 20.00 5.75 26.64 15.67 100.00
2021 28.38 19.03 7.03 29.26 16.30 100.00
2022 30.71 27.24 8.78 28.34 4.94 100.00
2023 45.39 21.05 4.28 28.29 0.99 100.00

Results

The results of the analysis shown in Figures 1-10, conducted using a Bayesian approach,
demonstrate changes in the average age of fish and the share of each species in the control catches
from 2014 to 2023. These data allow for the identification of key trends in fish populations and the
assessment of the impact of environmental factors on their distribution and age structure.
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The study produced regression lines that reflect the main trend in changes in the average age of
fish and the share of each fish species in the control catches. These indicators are independent, and
their mutual coincidence allows usto judge the consistency and accuracy of the control methods used
to monitor the state of fish populations. Analyzing trends for each of these indicators allows for a
deeper understanding of the dynamics of fish resources and the assessment of the effectiveness of
catch management.

Additionally, it isimportant to consider changes in the average age of fish, which should be within
the desired range to maintain ecosystem stability. Thisindicator aso requires constant monitoring to
promptly identify possible deviations and adjust fishery management measures.

Table 3. Changesin regression line values by year

Fish type 2014 2023 Difference
Age Share % Age Share % Age Share %
Roach 3.19 36.01 3.55 32.88 0.36 -3.13
Bream 3.56 15.75 3.14 24.00 -0.42 8.25
Pike 2.95 531 2.89 6.35 -0.06 1.04
Common bass 3.07 35.82 3.52 27.21 0.45 -8.61
Tench 412 4.77 3.61 7.33 -0.51 2.56

In Table 3, adecrease in the share of roach and perch in the control catches can be observed, while
their age has also increased. This may indicate adecline in the popul ation of these speciesin the water
body. At the same time, the indicators for bream, pike, and tench show a more positive trend: the
share of these species in the catch has increased, and their age in the control catches has become
younger. These changes may indicate improved conditions for these species in the water body and
more effective reproduction.

Discussion

The results of this study highlight the complexity of fisheries management, even with long-term
monitoring data. One of the key problems is the poor quality and incompleteness of the information
collected. Data on the abundance and age structure of fish populations often contain significant errors
and omissions, which significantly limitsthe ability to conduct accurate analysis. This, in turn, makes
it difficult to develop scientifically sound recommendations for catch management.

In addition, traditional methods of analysis are not effective enough to account for the complex
rel ationships between environmental factors and fish popul ation characteristics. High uncertainty and
variability in natural conditions often mean that many key patterns remain hidden. For example,
existing datararely allow direct assessment of thetotal volume of fish in awater body, which requires
more flexible approaches.

In this regard, the use of Bayesian analysis seems to be a promising method. This approach allows
for both uncertainties and complex relationships between variables, making it particularly useful for
assessing the state of fishery resourcesin conditions of incomplete data. The use of this method helps
to obtain more accurate and reliabl e results, which can significantly improve the efficiency of fishery
resource management.

Conclusion

The study analyzed the dynamics of fish populations in the Yesil River based on long-term data
on test catches and the age structure of fish. The Bayesian approach used allowed us to identify key
patterns in changes in the state of fish resources, as well as to assess the impact of various factors on
their numbers and age.

78




Abaii amvinoaser Kaz¥I1Y-uiny XABAPIIIBICHI, « Duszuka-mamemamura sviiimoapsly cepusicol, Ned(88), 2024

The results of the analysis showed that for some fish species, such as roach and perch, thereis an
increase in their age and a decrease in their share in catches, which may indicate a decrease in the
number of these speciesin the reservoir. At the same time, the improvement in indicators for Bream,
Pike and Tench, both in terms of share in catches and in age, indicates more favorable conditions for
these species. These data are important for devel oping recommendations for sustainable fisheries and
preserving water body ecosystems.

As part of the overall fisheries research in the Republic of Kazakhstan, it is necessary to determine
the optimal average age for each fish species depending on the conditions of the water body.

Thus, Bayesian analysis has proven to be an effective tool for ng the state of fish resources
and monitoring their changes, as well as for identifying hidden patterns that would be difficult to
notice using traditional methods. The application of such methods in the future will allow for more
precise regulation of fish catches, which will contribute to maintaining the ecological balance in the
water bodies of Kazakhstan.
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AHADPOBTBI PEKTOPJIAPJAAT'BI BUOT'A3 OHAIPY KbIJITIAM/AbIFbIHBIH
KBAHTTBIK PET'PECCUACBIHA APHAJI'AH MAIIUHAJIBIK OKBITY

Anoamna

AHadpOOTHl  allIBITYy-Ta3apThUIMAFaH TYHOAHBI OHJEYre AapHAIFaH arblHABl Cylapibl Ta3apTy
CTaHIMSJIAPBIHIA JKAKChl KaJbIITACKAH Kypaj, OHBbI aHa’pOoOTHI peakTopiiapja Ouora3 >KMHAY apKbLUIbI
YKaHAPTHLIATHIH SHEPIH YIIIiH A€ Naiaananyra 0onansl. TeMeparypa CUSKThI )KYMBIC TIapaMeTPIIePiH 9JCTTe
KOHBIPFBI ONIEPATOPIIAPHI CapanTaMalbIK OlmiMre coiikec 6enrineiini. OnepannsuiblK 0acKapy SJI€yeTiH TOIBIK
naiiganaHy yioriH Oy 3eprreyde Oi3 anThl JKBUIABIK OMIpJeri YakbIT KaTapblHBIH JEPEKTepi, COHmai-aK
MEMJICKETTIK MEpEKeJIep CHAKThl KaTerOpHsUIBIK CHIaTTamajap HeETi3iHAe JKaHa YaKbITIIa CHUHTE3
TYPASHAIPTIMIH KanmuOpiemik. JocTypii nepekrepre HETi3NelIreH oJicTepleH albIpMAaIIbUIBIFBI, MOJENb
J3aiiHbl OipHere (akTopiaap/sl €Cenke any apKbUIbl HOTIKEIEPiH 63apa alMacThIPbUTYbIH KAMTaMAaChi3
eteni. buora3 eHIIpiCiHIH OpTalla KOPCETKIIITePiH aJiarbl )KETI KYHre OOJDKayMeH Karap, Oi3/iH MOJEIb
CaHJIBIK MOHJICp/l e Oepemi, OyJI OHBbI KYIITI aybITKyJapra a3bipak Oeitim etemi. Hyckaymnbik perinae 0i3
OenNTiI YII CTAaTHCTUKAJIBIK ICTI KOMIaHBIK. bizaiH Oomkay TocimiMi3aiH opramia abCOMOTTI MalbI3IbIK
Karediri 8% - 1aH as.

Tyiiin ce3mep: AHa’poOTHI alIBITy, OMOPEaKTOp, YakKhITIIA OipiKTipy TpaHcOpMaTOpbl, MalIMHAIBIK
OKBITY.

A K. XKymabaepal, B.T. Uman6ek’, 3.M. A6auaxmerosal, I'.A. TronenGepaunosal
Kazaxckuii HaroHaIbHBIN yHUBEpcUTeT UM.anb-Mapadu, r.Anmatel, Kazaxcran
MAIIIAHHOE OBYUEHUE /151 KBAHTUJIbHOM PETPECCUM CKOPOCTEM
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AnHomayus

B aT0Mi cTaThe paccMaTpuBaeTCsl MPUMEHEHHE MAIIMHHOTO OOYYEHHUs K KBAaHTOBOM PErpeccHy CKOPOCTH
MPOM3BOJACTBA OMoOraza B  aHa’pOOHBIX  peakTopax. AHa’poOHas  (QEepMEHTANUA-ITO  XOPOIIO
3apEKOMEH/IOBABIINN ce0si MHCTPYMEHT Ha OYHCTHBIX COOPYXKEHHSX JUisi 00paboTKH chiporo ocanka. Ero
TaK)Ke€ MOXKHO HCIIOJIBh30BaTh JIJIi BO3OOHOBIISIEMBIX HCTOYHUKOB SHEPTHM, coOHMpas Ouora3 B aHadpOOHBIX
kominax. OnepaTopsl YCTAHOBKUA OOBIYHO yCTaHABIMBAIOT paboune mapaMeTpbl, TAKHE KaK TeMIlepaTrypa, B
COOTBE€TCTBUM C OKCIEPTHBIMU 3HAHUSIMMU. Y100Bl MOIHOCTHIO HCIIOIB30BAThH IMOTCHIHAJI OICPATHUBHOI'O
VIOpaBICHHUS, B OTOM HCCICJOBAaHHH Mbl OTKAIMOPOBAIM HOBBIM TEMIIOPAIbHBIH TEPMOSACPHBIN
TpaHchOpMAaTOp HA OCHOBE JAaHHBIX BPEMEHHBIX psJIOB MIIKAIbl JKU3HU 3a IIECTh JIET BMeECTe C
KaTeropuajJbHbIMU MPU3HAKaMH, TAKUMHU KaK TOCYJAapCTBEHHbIE Mpa3aHUKH. J(n3aifH Moaenu obecrieunBaeT
B3aMIMO3aMEHSAEMOCTh BBIXOJHBIX JAHHBIX [0 CPABHEHHIO C TPAAWIIMOHHBIMU METOAAMH JaHHBIX, KOTOPBIC
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WCTIONB3YIOT OOJbIille BHUMaHUs. [IoMMMO MPOrHO3MPOBaHUS CPEIHUX TEMIIOB IMPOU3BOJICTBA OHWOTasa B
TEYEHUE CIICTYIONIX CEMHU JHEH, Hallla MOJIeNTb TAKXKE JaeT KBAaHTHIIM, YTO JIEJIAeT e¢ MeHee TOJIBep KEHHON
CWIBHBIM KOJIeOaHMsIM. B KaduecTBe pyKOBOICTBA MbI UCIIOJIB30BAH TPH U3BECTHBIX CTATHCTUYECCKUX METO/IA.
Cpennsist abCcoMOTHAS MPOLICHTHAS MTOTPELIHOCTh HAIIETO MPOTHO3UPYEMOT0 TIOAX0/1a COCTaBIIsieT MeHee §%.

KuroueBble ciioBa: anadpoOHoOe OpokeHre, OHopeakTop, TEMIIOPATBHBIN TEPMOSIIEPHBIH TpaHchopMaTop,
MaIlInHHOE 00yYeHHeE.

A.K. Zhumabaeva, B.T. Imanbek, Z.M. Abdiakhmetova, G.A. Tyulepberdinova
Al-Farabi Kazakh National University, Almaty, Kazakhstan
MACHINE LEARNING FOR QUANTILE REGRESSION OF BIOGASPRODUCTION RATESIN
ANAEROBIC REACTORS

Abstract

This article discusses the application of machine learning to the quantum regression of biogas production
rate in anaerobic reactors. Anaerobic fermentation is awell-proven tool in wastewater treatment plants for the
treatment of raw sludge. It can also be used for renewable energy sources by collecting biogas in anaerobic
boilers. Installation operators usually set operating parameters, such as temperature, according to expert
knowledge. In order to fully exploit the potential of operational management, in this study we calibrated anew
temporal thermonuclear transformer based on data from the time series of the life scale over six years, aong
with categorical features such as public holidays. The design of the model ensures the interchangeability of
the output data compared to traditional data methods that use more attention. In addition to predicting average
biogas production rates over the next seven days, our model also provides quantiles, which makes it less
susceptible to strong fluctuations. We used three well-known statistical methods as a guide. The average
absolute percentage error of our predicted approach isless than 8%.

K eywor ds: anaerobic fermentation, bioreactor, temporal thermonuclear transformer, machine learning.

Kipicne

AHa’poOThl ambiTy (AA) kemnrereH AFBIHABI Cyjlapasl Tazapty Kouublprbuiapbiaa (ACTK)
TYHOaHBI Ta3apTy LIEHOEPIHAE /1€, )KaHAPTHUIAThIH SHEPTHsI KO31 PETIHAE A€ MaHbI3/Ibl PO aTKAPaIbl.
AnbiHFaH Ouoras, a3 Mmejlepje KocrmajaplaH 0acka, eKeyiHIH Jie TipKeciMi OoJblll TaObliaajbl,
MBICANBI, Ta3 KO3FANTKBIIITAPBIHAAFEl DJEKTP OSHEPrHsCHl TYpiHAE OSHEPrus OHIIpYy YIIiH
naiinananeutysl MyMKiH[1]. Anaiia AFbIHABI CyTIapbl Ta3apTy KOHABIPFBUIAPBIHAA )KYMBIC ICTEHTIH
TONBIK MacmTaOThl memTepae AA  KYMBIC TapaMmMeTpiepiH ToKIpuOe rKacayra IKOHE
KoHUrypauusiayra 6arbuisl Oapmaiiasl. XKanmel memiM — MoJenpAepAl 3epTxaHaga Kaauopiey
HEMece HaKThI JIEPEKTEp JKUBIHTBHIFBIH Nailanany, CoaH KeHiH opTypiii alfHBIMAIIbLIAPBl TY3ETY
Ke3iHJle oJap/bl OaKkbLIay. 3epTTey Ke3iH/1e MHXKEHEePIIIK KOFaMIacThIKTa KeHIHEH TaJIKbUIAaHFaH KoHE
TaHbIMaJl Kol KalaTThl >kacanbl HelpoHabIK xenuiepal (KHX) konmanneik. Ken kabatrsr JKHXK
KenTereH AA JKyYMbIC TapaMmeTpiiepiH eHjaed anajgsl. BHOXMMUMSUIBIK mpolecTep, CBhIPTKBI
napaMeTpJiep KaTThl 9cep €TEeTiH apTypJl aManap apachlHIarbl KYpAesl e3apa dpeKeTTecylepMeH
OaitnanpicTel. Ochlnaiiima, Oyn 3eprreyne 613 OMoras eHAIPICIHIH JKbULAAMIBIFBIH OOJDKay YIIiH
yakbITia OipikTipy Tpanchopmaropsl (YBT) gen atamatein sxaHa MO apXuTeKTypachlH YHPETTIK.
VBT KaTeropusuiblK KOHE Y3/IKCI3 aifHbIMaybLIapAsl eHAel amanel. CoHnmall - ak Hazap ayaapy
Mexanu3Mmi YBT Oomkay ke3iHAe €H Kol CYMEeHETIH JKEeKe epeKILETIKTEpl KopceTyre MYMKIHIIK
Ooepeni. YBT KBaHTTBIK >KOFanTy (YHKIMICH apKbUIbl KanuOpieHenai. buora3 eHaipiciHiH
KBUITAMIBIFBIH ~ HYKTENIK Oaranay IIBIFYAbIH O€NriCi3AiriH  KOepCeTeTiH HHTepBalJapMeH
aybICTBIPBLIA]IBL.

3eprTey dicHaMachl

Bbyn 3eprreyne 613 acaHIbl 3epTXaHAIBIK JEPEKTEP KUHAFBIH €MEC, HAKThl TICIITCH aJbIHFaH
OHEPKACIMNTIK JepeKTep >KUHAFBIH KOJNJAHIBIK. Opl Kapalfbl KaJaMaap YakKbIT CEpHUSCHIHBIH
JIEPEeKTEPIH Ta3apTy MEH alblH-ajla OHACY/l KamThiabl. MammHanblK OoKbITy (MO) MopmeniHiH
ApPXUTEKTypachl >KOHE OHBIH apTHIKIIBUILIKTAPHl cumaTTanran. KamuOpneyneH keifin 6i3 Monenb
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YCHIHFaH OHIMIUTIK TeH Ooypkay KaOiNeTiHIH apTyblH KepCeTy YIIIH allblHFaH HOTHXKeIepai
AHBIKTAMAJTBIK MOJICIIbIIH HOTIHIKEIIEPIMEH CaTbICTBIPABIK [2].

AFBIH/BI cynapsl TazapTy KoHAbIpreUIapsl (ACTK) sxaraaiiiblk 3epTTeyi Ke3iHae 9KOHOMUKACK
allKbIH aybUIIIAPYyalIbUIBIK CHIIATHIHA M€ KOHE MAaHbI3/Ibl SKOHOMHKAIBIK KO3FayIlbl KYII-XKa3Fbl
’KOHE KbICKBI TypH3M OOJIaTBIH ailiMaKThl KapacTblpambl3. TyHOa Typu3M, ©@HEPKACINl KOHE aybll
IapyambUIbIFbl  KaIAbIKTapblHBIH  73% kypaiiael. Kamran 27 %-—b1 10,020 xr d-1 sxanmsl
ouoxuMusIbIK otTeri Kaxkertiniri (BOK) 6ap MmyHunmmanurerTep MeH Yl MIapyallbUIBIKTapbIMEH
oipikripinren. ACTK tuntik eHzey KajamaapbiH, COAaH KeiH eKi caTbuibl OeJICeH I TYHOa mpoleciH
KaMTHABL. BipiHII Ke3eH-eKi peakTopaarbl OSJICEHMIPUITeH CIHIPYAIH aHa aybICTaJIbl KE3€Hi, al
eKIHII KEe3CH-O[ICTTerl AaHOKCUSIIBIK/a3po0Thl emaey. ComaH KeiliH aiblHFaH —KaJJIBIKTap
CYCBI3JIaHIbIPbUIAJIbl JKOHE aHa’pOOTHl alIbITYy IUCTEpHANAPBIHIAA OHJjeenl. AHadpOOTHl alIbITY
nporecinae maiaa OonaTblH OMora3 >KbUly MEH SHEPrusiHbl oHIIpy yiniH KonnaHsutagsl. ACTK
SHEPTHsI TUIMIILTITIH apTTHIPY YIIIH OHTAHIaHIBIPBUIFAH IBIKTaH, KOHABIPFBIHBIH KYMBIC ICTEY1 YIIIIH
TYpaKThl Omoras eHjipici ete MaHbI3aEL Kememi 2500 M3 KypaifThiH aHAdpOOTHI KOpIIAFaH OpTa
xargaiieinga 35 © C temieparypalia )KYMBIC ICTEHTIH KYMBIPTKA TOpi3li eki Oipiaelt KazaHIbIK
KyMbIc icteiai. OnapasiH OmikTiri 24 M xoHe auamerpi 15,4 M koHE apaiacTelpy MakcaTbIHIA
pe3epByapAbIH ilIiHAeri TYHOaHbI KaiiTa OHJIeY YIIIIH OPHATBIIFaH COPFBILI KYOBIPBI 00NaAbl. AIIBITY
asIKTaJIFAHHAH KEeHiH eKi O1pIKTIPUIreH )KbUTYy SHEPTrHsiChbl KOHABIPFBICH 940 KBT Kyat eHzipei.

Kazipri yakpITTa Ta3apTy KOHIBIPFBUIAPBIHBIH KOIIIUIIr Ta3zajay Mpoleci Typajbl IepeKTep/l,
COHJAN-aK Ka3aHABIKTapAbIH 1MIKI KYHl Typajbl AEpeKTepAl KUHAUTBIH 3aMaHayH AaTYUKTEPMEH
wabapikTanran [3]. Jerenmen, Oy enmiey KypajiAapblHbIH KOIIIUIrT ce3iMTal 3JIEKTPOHHKAFa
KapChl KBIIIKBUI, BUIFAJIBl HEMECE BICTHIK OPTaJa >KYMBIC iCTeyiHE OailIaHBICTBI JKAOIBIKTAp TE3
icTeH MIbIFaabl. AJaMHBIH KaTCNIriHEH Oacka, OV JKETICIEHTIH MOHJEpMEH OYJIHICH carachl3
JepeKTep IKUBIHTBIFBIHA okeneni. OchuUlaiiina, anAblH-aIa OHICY KaHJal  MOJCIbICD
KOJIZIaHBUIFAaHBIHA KapaMacTaH, Ke3-KEJITeH JEepeKTepre HEri3JIeATreH TOCUIMIH aXbIpamac OeJiri
0061, AHA’POOTHI AIIBITY JTUHAMUKAJIBIK MPOLIECC OOIFAaHIBIKTaH, KATHICATBIH alHBIMAIBLIAP TEK
TapUXH MOHJIEpre FaHa eMec, COHbIMEH KaTap 0acka aHa’spoOTHI allIbITY MapaMeTpiepiHe Je TOyenIi;
COHJIBIKTaH OTKI3iI alFaH MOHJICP MEH LIBIFAPbIHIBUIAP/IBI OHJICY OJIaH Ja Kypaeni oomnamusl [4].

Op0ip xkeke Oenri OoibIHINA MIBIFAPBIHBIIAPABI Callalbl TajllayFa MyYMKIHIIK OepeTiH 6acTamnKsl
JEPEKTEePIiH TapadyblH BU3YaJAbl TYpJE CAIBICTBIPY YIIIH l-CypeTTe KOpCeTUITeH Iauarpammara
KYT1HEHIK.
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Hazap aynmapeil Kapacak, op HBICAHIBI min-max MacmTa0TaraHHaH KkeitiH omap [0, 1]
WHTEPBAJIbIH/IA OpHAJIACA kI, OYJI rpaUKTEP/Ii Kbl X 0Ci OOHBIHIIIA COUKECTECHAIPYTe MYMKIHIIK
Oepeni. Temneparypa cUaTTaMachlH/Ia COMKECIHIIIE MUHUMAIIIBI KOHE MaKCHUMAaIIIbl MoHAEpi 22,41
° C xone 98,71 © C OonatblH MIBIFAPBIHABLIAPIBIH €H Keml caHbl Ooyiabl. Exi memTiy ne oprama
XKyMbIc Temneparypacel 38,15 °© C GonranabIKTaH, 0i3 OYJI MIBIFAPBIHIBUIAPABI KaTe ©JIIeMAepre
KATKbI3a aJlaMbI3.

[Mafiganany napaMeTpiepiHiH TOyeIAUTIKTepiH Taly yiIiH 0i3 2- CypeTTe KopceTuIreH iei 0apIibiK
KYITHIK Koppemsuusuiapael ecentenik. Exi memrten ne 6i3 Tept Oipueil oH koHe Oip Tepic
KOPPEIIMSUIBIK Kyl Oenritepai TanThlk. TyHOa »KykTeMeci, COHJal-ak INHKI TYHOAHBIH
OpPTraHHUKAIIBIK KYPFaK 3aTHIHBIH KYKTEMECI MUKI TYHOA KYPFaK 3aTBIMEH 6T¢ OH KOPPEIISIHSIIAH JIbI.
TynOa KypambIlHAarbl OpPTaHUKAJBIK KYpFaK 3aTTapAblH Meepi TyHOa KypambIHIarbl KypFak
3aTTapMEH THIFbI3 0aiTaHBICTBI OOIBI. AKBIPBIHAA, THIPABIUKAIIBIK YCTAY YaKbITHI ITUKI TYHOAHBIH
YKl MOJIIIIEPIMEH Tepic Koppersiusianabl. Eki KaTThl Tepic HEMece OH KOPPESIIUSIIBIK Oenriiep
0oJIFaH Ke3e, oapAblH OipeyiH AepeKTep KUBIHTHIFbIHAH aJIBIIT TACTayFa 001a/1bl, OUTKEHI KOCHIMIIIA
aKmapar >KOFaJIMaiiJIbl )KOHE MOJIENb/II Kanuopiey xenenaerineni. Ocpuiaiia, xoFapblia aTalnFraH
(GYHKIUSITAP OKBITY, BATHIANNS XKOHE TECTUTIK JEPEKTEP KUBIHTHIFBIHAH AJTBIHBII TACTaJIIbI.
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Cypem 2. Koppenayusnvix mampuya

bi3 k-NN-ne anaspo0Th1 peakropaarsl Onora3 eHipiCiHIH KbUIaMABIFBIH O0JDKay YIIiH HEris3ri
Heri3Jl  KamMTamachl3  €TETIH  aHBIKTaMallbIK  MOJEJIbAEpP  PETIHAE  aBTOPETrPECCHSIIBIK
MHTETpalusUIaHFaH KbUDKbIMaIbl opTama (ARIMA) xone e3reprinred XKHK mbirapapik.

k-NN 6Gap perpeccus - 6enTisi )oHe )KHUi KOJJAHBLUIATBIH d1ic. bepiireH aepekTep sKUbIHTBIFBI (X],
yj) keitbip yj arpubyTsl Oap Xj Oenrijepi jkKoHE EBKIMITIK KAIIBIKTHIK CHUSKTHI MeTpuka; k-NN
COMKeCTIT1 KeJleciieriieil aHbIKTalIaabl:
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, 1 .
V(%) = XxjeNk (x) V] (1)

myHaarel Nk (X) - OKy JepeKTepiHiH X-T€ €H akblH K HYKTeJIepiHiH KUBIHTBHIFBL K
THIIEepIIapaMEeTPiHiH KOFapbUIaybl MEH TOMEHCY1 COMKECIHIIIE TOMEH JKOHE KaiiTa OKBITYFa 9Kele/l,
COHJIBIKTAH K KoJij1a 0ap JaepekTepre colikec peTTenyl kepek. bi3ain karmaiina 613 K = 8 miamanan
TBIC KOHE JKETKITIKCi3 JaWbIHBIK apaChIHIaFbl OHTANIIBI TENe-TeHIIK eKeHIH aHBIKTAIbIK.

ARIMA-knaccuKanblK CTaTUCTUKAAAH aJIbIHFAaH MOJIeb, KoOiHece 00JpKay MaKcaThIHIIA YaKbIT
CepHUsUIapbIHBIH JIepeKTepiHe Kojmanbiiaael [5]. Mogenp Oakputay MeH KeHOip aijbIH-asia
aHBIKTAIFAH apTTa KaJFaH OakpLiaylap apachblHIAFbl TOYeIJIi OailyIaHBICTHI MMalJaiaHalbl, OHBI
YaKBITTBIH Kelliryi jgem Te ataiael. On yaKbIT KaTapblH TYPaKThl €Ty YIIiH MIMKI OaKbUIayIap/Isl
naiiiananajipl )KOHE KaJIJBIK KaTe MeH Oakbuiayinap apachlHAarbl OaillaHbICTHI MaiiganaHansl. P, d
KOHE (] AHBIMAJIBUIAPHI COUKECIHINIE apTTa KAIFaH OaKblUIayjap CaHbIH, albIPMAIIBUIBIK TOPEKECIH
YKOHE JKBIJDKBIMAJIBI OpTallla TePE3CHIH OJIIeMIH Olmipe/l.

(1 -X, cb,-L") (1-L)9X, =8+ (1 +XL, 6 LJ') & )

biz JIukku-OynnepaiH KeHEHUTUIreH KpUTEpHiH KOJJaHa OTBIPBIN, YaKbIT KaTapbIHBIH
CTallMOHAPIIBIK EeKeHIH 3epTTenik >koHe d = 0 opHarThIK. bacTamkel »oHE capajaHfaH YaKbIT
KaTapJiapblHbIH aBTOKOPPEISIIUSIIBIK TpaduKkTepine Kaparn, 013 P = 5 jxxoHe q = 1 exkeHiH aHBIKTaJIbIK,
HoTmKeciHne Arima(5,0,1) Mozmeni 6i34iH KapHaAMAIIBIK JEPEKTEP JKUBIHTHIFBIMBI3FA KAKCHl COHKEC
keneni. ARIMA courbel Oakputaynapabl OacTankbl JEpPEKTEp JKUHAFbIHAA OKbIFAaH/Aa FaHa aiFa
KBUDKBITYJBI ~ YHPEHIeHIIKTEH, 013 KOChIMIIA QIJIbIH aja eHAey KaJaMmbl peTiHjae
mudepeHIHaIHbI KOCTHIK.

JIum B., Apuk C.O. uHTEpHIpeTalusIIaHFaH KON KOJICHEH YaKbIT CEPUSCHIH OOKAy/ bl OPBIHIAY
yurin Tpanchopmaropra Herizaenred YBT azipieni [10]. Conrbl sHepreTrkanbik 3eprreyiep YBT-
Il KyH coyieciHeH (DOTORNIEKTpPIIiK SHEPrusiHbl Oip KYH OYpBIH HEMece >KENJiH KbUIIAaMJIbIFbIH
OoJpKay YIIH Mmaijananabl.

VBT kareropusuiblK alHBIMAJIbLUIAPABI, COHJANW-aK CTAaTUKAJIBIK METAJIEPEeKTEpal EHIIpye
KoJ1aHapl. OpOip 00BeKT a-1a kepcetineni D-emmemai Bektop, myHnarsl d = 8 0i3iH *argaiiia
KETKUTIKTI YIKeH. OcblgaH KeilH KIpICTIPUITeH CaHABIK €MeC JEepPeKTep 1€, TYPaKThl YaKbIT
Karapiapsl 1a Oipiktipinin, YBT-re xibepineni. bi3 aTTbiFy Ke3iHJe 0Cbl €HAIPY (YHKUIUACBIHBIH
napamerpiiepid YBT canmarbiven Oipre kaauOpieik.

Kipic BekTOpbIHBIH Oapiblk dmemeHTTepi Oipaeit manpiasl emec. Jlemek, YBT 3(a)- cyperte
KOPCETUIreH Iel aKnapaTr arblHbIH 0acKapaThlH CBHI3BIKTHIK OJIOKTap cyileHenl. BekTtop kemnipiiarex,
CBI3BIKTHIK Ka0aT apKbLibl xkibepiireH xoHe [0, 1] uaTepBanbinaa xaty yirH S(x) = (1 + exp (—x))-
1 curma Topi3al (PYHKUHMSACHIMEH KajblllKa KenTipuireH. Heisre »akblH MOHJEp MaHBI3AbI €MeC
OemnikTepal Olnipei xkoHe KepiciHie 60aysl MyMKiH. Hykrenik kebelty YBT-ain kimiripiM kipic
cUTaTTaMajapbliH OJIaH dpi1 OHJAEYTE KO OepMei/Ii, oJlapabl HOJITE OPHATAIBI.

Kipic >xoHe KoChIMIIIa KOHTEKCTIK BEKTOP CHI3BIKTHIK €MEC TYPJICHIPLIIN, ChI3BIKTHIK OJOKTapFa
xi0eputeni. ComaH KeWiH HOTHIXKE OacTamKbl KIpIC BEKTOPBIHA KOCBHUIAIBL. YaKbIT KaTapbIHBIH
KYpAETUIri oJlaH opi CBIBBIKTHIK €MeC OHICYIl KaXeT eTHEeHAl MM ecenTeceK, ChI3BIKTHIK
OJIOKTap/IbIH IIBIFBICTAPhl HOJITE KAKbIH JKOHE CHI3BIKTHIK KaOatTapasl emripeni. Ocbunaiima, YBT
OpTYPIIi JepeKTep KUBIHTHIFbIHA OeHiMIene Il )KoHe MOJIENb/IIH ©31H/IK KYPACTUIIriH peTTeiai, Oy
OHBI KaiiTa OKBITYFa TO3IM/II €TEe/I.

VBT nu3aiiasl softmax GyHKIMACHIH CTATUKAIBIK METaIepeKTepre Jie, allHbIMablIap IblH aFbIH
TaHJay >KeJiiepl I1NIHJAErl yakbIT KaTapbhlHbIH JepeKTepiHe e KOoJiJaHa OTBIPBIN, 9p YaKbIT
KaJaMbIH/1a Colikec (DyHKIMSIIapAbl TAaHIayFa MyMKIHIIK Oepei[7].
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Cypem 3. VIT xypulavic broxmapul

byn Bektop OipiikmeH >KMHAKTalaibl >KOHE OHBI OapiblK KOBApUATTAPABIH MaHbI3IBUIBIK
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XKakpinna BacBanu Tpancdopmaropasl MO apXuTekTypacklH €HII3/1, OJ1 Haszap ayaapy
MEXaHU3MiHE TOJBIFBIMEH CYieHe OTHIPBII, KaliiTalaHAThIH KaThIHACTapaH aynak 6onansi[8]. Hazap
aynapy Mojenbre KakeT OOJFaH »Karjaaiaa Kipic Ti30€riHIH THICTI OejiKTepiHEe Ha3zap ayjaapyra
MYMKIHIIK Oepeni. On MaHBI3ABI GYHKIHSIIAPABI KOJNJANTHIH JKOHE KIMITipiM () yHKIHSIIapAbl TaH
KaJABIPaThIH QHIIBTP PETIHAE SpeKeT eTel. Tapuxu KOBapUAHTTHIK AEPEKTEP/IIH X MACCUBIH €CKepe
otelpbil, 013 Q = XWiycypaysiH, K = XW2 kuitiH xoHe V = XW3 MoHJEpiHIH MaTpHULAChIH
ecenteiMiz. Wj Marpumansapbl peTTENICTIH TapaMmeTpiep OO TaOBLIaAbl JKOHE OJIapAbl OKY
JIepeKTep JKUBIHTBIFBI Heri3iHae kanmuopiey kepek. SoftMax (1) (yHKuusACHIH KonjgaHy 3eliH
yraimapsiH 0epeii, 0JIapIbIH MOHIEP1 KeJleciIeriAei omeHemi:

. QKT
Attention (Q, K, V) = o (—) Vv, 4
Vvn

bi3 ocbl Makaiaza KeNTipiireH caHAbIK HOTHXKeIep i skacay yiiH Python 3.10.8-ne MO kyObIpbIH
opHaTThlK. YDBT oHTalinmanappyablH Heri3ri kitanxaHamapel PyTorch 1.12.1 xome PyTorch
Forecasting 0.10.3 6omapl. bacTankel Ko albiK KOJ KETiM/IL.

VBT runepnapamerpiiepin opHaty yuiH 613 Akuba T., Cano C.-npiH «Optuna» aTThl eHOeriHe
cydenaik, Oyn MamuHanblK OKBITY YIIIH  apHaiibl  JKacajfaH TuUIeprapameTpiaepal
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OHTaWUJAHABIPYABIH aBTOMATTHI OarmapiaManblK raTdopmackl. O KOFapbl MOIYIbIUTIKIICH
epeKIIeNeHeni, Oy 0i3re rurmepnapameTpiepal 137ey KEHICTITIH JMHAMHKAIBIK TYpAEC KypyFa
MyMKiHAiK Oepai [9]. Bapnbirbl 0i3 TOpibl i3[ey OIICIMEH THUIEpIapaMeTpliepiH JpTypIi
KOMOWHanMsuIapeiH cbiHay apkbuibl 200-merH acram  YBT yiiperrik. 1-kecteme 013 keke
napaMmeTpiiepre apHaJFaH AWama3oHIapibl, coHpai-ak coHrbl YBT MopenmiH OKBITY YIIiH
nagalaHbUIFad €H TUIMIICIH TI31MIeHMi3.

Kecme 1. Oxvimoinzan YTT b6onadicay kepcemkiumepin yus aHbIKMAMALbIK MOOelbOIl KopcemKiuimepimeH
canvicmolipy

Peiimune .
T'unepnapamvemp . - Y30ix
Kaiioan Kaii ocaxka
Tlapmus menwepi 1 2048 128
XKacwvipvin enuem 2 12 12
Kacwvipuin y30ikcis onuem 2 12 10
bac xenemine nazap 1 4 1
Tycy 0.0 0.1 0.006
OKy 21cb110aMObIebl 0.001 0.1 0.001
LSTM xabammapwi 1 4 1
bonoicamoap mapuxwel 7 14 14

Bamunanus sxoranysl 16 poyipiieH acnaraH Ke3/Ie OKY JKbULIaMIBIFBI OaKbUIAHIBI XKOHE OH ece
temenaeal. [Taptusubiy Mommepi 128-re TeH aen OenrineH i, OUTKEHI OHBIH YJIFAIOBI J1a, a3alobl Ja
IIBIFBIHIAPFA alTapibIKTall OH ocep eTKeH oK. JloyipnmepaiH Mmakcumanael caHbl 256 pemnm
oenrizeHai, O6ipak 0i3 Bamwaamus NIBIFBIHAAPHI OyIaH ObUTal jkKakcapMaraH HEMece TIINTI KakTa
naspiay HOTHKECIHIC KoOeireH kes3nme 32 MIBIIaMIBUIBIKIICH epTe TOKTayabl KOJIAaHIBIK. bi3 eH
xaKcel YBT jkachIpbIH eJIIeMi OH €Ki, )KachIPbIH Y31KCi3 OJIIIeMi OH, Ha3ap ayaapaTbiH 0ac emeMi
6ip, 0,006, 6ip LSTM kabatsl, 14 perpocnektuBaiblk Kaaam >xkoHe 0,001 oKy KbL1gaMIbIFel O6ap
€KEHIH aHBIKTAJIbIK. MoJenbal OKBITY YIINIH Kol 0acThl Hazap aydapaThiH MapauleTu3alusHbIH
YKOFaphI JIopeskecine OailnaHbIcThl 0ap OonFanbl 1 MuH jkoHEe 20 ceKk KaxeT OO

3eprTTey HITHIKEJIepi

Koraprer OGenmimue cumnartanran wmonaenb YBT-re nmereH ke3kapacbiMbI3ra Heri3 Oosnbl. bi3
MPOAYKT-MOMEHT [IUpCOH KOppensuuschl apKbUIbI MOJIENb IIBIFBICHI MEH MaKCaTThl MOHJIEPAiH
KoppemsuschiH ecentenik. YBT yirin 6apiblk aHbIKTaMalIbIK MOJIEIbAEp CUSAKThI, P-MoH1 p < 0,05-
K€ colikec KenJi, Oy HONIIK ChIHAK T'MIOTE3aChlH JKOKKA IIbIFapabl. bi3 ecenrenreH Koppemsius
OapIBIK TOPT MOJIEIb YIIH 95% CeHiMIUTIK HHTEPBAIBIHA €KeHIH aHBIKTaABIK. Ke3 kenren Moaenb
oTe IKAaKChl JKYMBIC ICTe amampl Jenm OoJbkay MIBIHIBIKKA JKaHACTAWTHIHABIKTAH, dcipece
KapHAMAaJIBIK JIEPEKTEPMEH JKYMBIC icTereHje, 013 OHTaiybl HoTwkeneH +10% xone +25%
aybITKynapael kepceremiz. ARIMA anroputmi €H TeMeHIi Oaul >KHMHalbl, HOTHXKeIepAeri
aybITKyJlap KYTUIETIH OHJIPIC KbUIAAMIBIFBIHBIH Tepic 25% ChI3bIFbIHAH €10yip TOMEH OOJIblI.
Kapamnaiieim K-NN Tocini Tapuxu qepextep/ii opranaianasipy KaoineTiHig apkacbinna ARIMA -nan
acoln TycTi. bi3 gexonep- JKHX np1 HerypibIM Kypieni rpaiueHTTI OHTaIaHABIPY CXeMachIHA KOHE
VBT cusKkTBl Kipic cHUNaTTamajgapblHa YHpeTKeHIMi3re KapamacTaH, HoTWxkenep OypblH
xabapianranHan ja Hamap Oomael. YBT 0,91-re Tey 2 aHBIKTay KOX(pUIMEHTI 2-KecTene
KENTIPUIreH KOPCETKIMTEepAl KopceTeai. 2 MUHYTTaH a3 yaksIT imriHae YBT MaHbI3IbI 9K30T€HIIK
aifHBIMAJIBLIAP/BI, OJApPJBIH apaChIHJAFBl YaKBITTHIK KAThIHACTAPABI TaOyJasl JKOHE Oworas
OHIIPICIHIH JKbUITAMIBIFBI YIIIIH MaHBI3/Ibl KBAHTHIIBJIEP/I1 IIIBIFAPY Bl YHPEH/II.
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Kecme 2. bizoiy oxvimeiizan YBT Oonoicay repcemxiwimepin yul AHbIKIMAMATLIK —MOOENbOIH
KepcemKiumepimeH CaiblCmbipy

MAE MAPE SMAPE RMSE
Ynei
U o U o U o
k-en orcaxvin kopwi 339.58 | 252.98 0.17 0.14 0.16 0.12 423.42
Apuma 420.13 | 384.81 0.15 0.12 0.17 0.12 569.67
Hexooep-’KHIK 27217 | 211.60 0.12 0.10 0.12 0.09 344.72
Vaoimua bipixmipy | 10955 | 15710 | 0,08 0.07 0.08 006 | 246.17
mpancpopmamopwvi
Juckyccus

Kamubpneynen keitin 0i3aiH Oosamak O6uora3z eHIIPICIHIH €H BIKMAIAbl KOPCETKIII COHFBI €Ki
anTaNarel TApUXH KOpceTKim Oonbinm Tadbuiafsl. YBT MaHBI3ABI gen caHANTBIH MIUKI TYHOAHBIH
KYpFaK 3aTIeH KYKTeyl oHe TYTaHy Ke31HJe TYHOAHBIH >KOFaIybl ac KOPHITY YIIiH KOJ XKEeTiM/i
OpPTraHHUKAJIBIK 3aTTapAbIH MOJIIEpiHe Tikenel OaitanbicThl. ONapAblH KUBIHTHIK dcepi mamameH
25 % Kypaiapl, OWI aKplUIFa KOHBIMJIBI OOJBINT TaObLIaabl, OWTKEHI OMora3 memepi OacTarKsl
MIMKI3aT MOJIIEpiHe Typa MPOMOPIUOHANIRL. Ocipece KbICTa >KOHE MepeKe KYHIepi aiMakra
TYPUCTIK aFbIH OFapbl 00jaabl, Oyl TYHEY CaHBIHBIH apTyblHA, COHJAN-aK arbIHIAbI CyJIap/bIH
Ke0OeroiHe xoHe Omoras eHAipiciHiH apTybiHa okenemi. YBT coHbiMeH Katap aHa’spoOTHI peakTop
IIHeT1 TeMrepaTypaHbl MaHBI3/IbI Kipic peTiHIe KapacThIpabl. byl MaHbBI3IbI Kipic allHBIMAIBICHI
periHae 0OJybl MYMKiH, ©TKEHI KEHETTEH OOJAaThIH ©3repicTep €H TOTEHIIE )Karaaiinapaa ouoras
OH/JIIPICIHIH TOJIBIK TOKTAayblHA oKelyl MyMKiH. HyckaynbiK peTinge 013 peMTHHT aiiHbIMalIbLIapbIH
Ban JI., Jlonr ®@. «AHa’poO0THI alIBITY THIMALTITIH 00JDKaY jKOHE MAITMHAIIBIK OKBITY JITOPHUTMIEPIH
KOJI/IaHa OTBIPBIII, MAaHBI3/IbI MAlIaNlaHy MapaMeTpiIepiH aHbIKTAY» aTThl €HOCT1HIH HOTHXKEIepiMeH
caibicThipambi3 [6]. Omap AA yiriH MaHbI3Ibl )KYMBIC HapameTpiepidH Tady yuiiH opTypiai MO
ANTOPUTMJICPIH Tajdaabl. MeTaH OHIIPICIHIH €H BIKIMAJIIbl €Ki CHUIIaTTaMachI-KaJIIbl KOMIpTETi
KYKTEMecl jKoHe Temneparypa 0ombin Tadbinaabl. Iuki mmaMHbIH KypFak 3aThIHBIH JKYKTEMECI Je,
TYTaHy Ke31H/eT1 IIJIAMHBIH KOFATYBI J1a HET131HEH KOMIPTEKTeH TYPaThIH OPraHUKAJbIK 3aTTapMEH
OaiinanbicTel. YBT Moneninae temmneparypa Aa ere MaHbI3abl. Ocbuiaiiina, oJapJblH HOTHXKENepl
MaHbI3/Ibl KipiC TapaMeTpliepiH aHBIKTAayAbIH 1MIKi KaOiaeTTimiriHeH ansiHFaH YBT pelTuHriMeHn
MKaKChl COMKEC Keme.

KopbITbIHABI

3eptrey ke3inae YTT opryprai kepceTkimTepi 6ap aHBIKTaMaJbIK MOJIEIbMEH CallbICThIPFaHAA
aKchl HoTmke KopcerTi. 0,91-re Teq 2 JKHXK, k-NN sxone ARIMA TocinmepiMeH cansICTEIpFaH/a
O0JKayAbIH JKOFapbl HOTHIKEJIEPIH KOPCETTI.

VBT sxaHanmbIKTapsl ym ece. Tek caHABIK €MeC, COHBIMEH KaTap KaTeropHsIIbIK YKOHE PETTIK
Oenrizepal Kocy apKbUibl OipTyTac TocuIi KosgaHyra 6omaasl. YBT-HBI MeMIeKeTTiK Mepekenep
MEH TYHJEPMEH KaMTaMachl3 €Ty JKYKTeMEHIH opTalma JCHI€HiHEeH acaThlH jKaybIH-IIAIILIHHBIH
O6uoras eHJIpICIHIH XbUIJAaMbIFbIHA Kallail ocep eTeTiHIH Kakchl TyciHyre okenni. ExiHmriziew,
KBAaHTTBHIK IIBIFBIH (QYHKIHACHI OOJDKaMIapAblH OENTiCi3IriHIH KOCBIMINA OJIIIEMIH KaMTaMachl3
erenl. YwiHmigeH, YbT-re ToH aliHbIManbuiapibl OakbUIayChl3 aBTOMATThI TYpJE PEUTHHITEY
MYMKIHJIT1 )KoHE OHBIH TYCIHIIPUIETIH HOTHXKeNepl OyJI YIIIH 6Te KaKeT Kypajabl KAMTaMachl3 €TTi.

OxpiThutran YTT Typalibl KOCBIMINIA aKHapaT Ce3IMTANIIBIKThI Tallfiay JKoHE 1IIiHapa ToYeJIUTiK
rpadUKTepIHAEeT HOTHKENEP Al BU3yanu3alusiay apKblibl aJibiHAbBL. bi3 Temneparypansl Hemece pH-
HBI OHTaMIBI Me30( MBI JUala30HHaH ThIC peTTereHie Ouora3 eHAIpiCiHIH TOMEHIeyiH Oalikayra
OonaTeIHBIH aHBIKTAABIK. by VBT Herisri OHOXUMUSIIBIK TMPOIECTEPl KOHE XUMHUSIIBIK
KOMITIOHEHTTEP apachlHAaFbl OaliIaHbICTBI Mypa €Te aJaThIH/BIFbIH KOPCETETIH ceHIMI HoThXke.OChl
Makajaaa KeTIPUITeH HOTIDKEJIep MaJlIMETTep Heri3inae AA-Hbl O/1aH opi 3epTTEeyAlH OacTanKsbl
HYKTeci O0JIbIN TaObUIaIbI.
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MODELING HYDRODYNAMICSAND HEAT TRANSFER IN HEAT EXCHANGERS
WITH TURBULATORS

Abstract

Within the framework of the theory of turbulent gas flows, the most frequently used mathematical models
of gas dynamics and heat exchange in the heat exchanger of power plants have been analyzed. The Navier-
Stokes equations in Helmholtz variables describing the plane flow of incompressible Newtonian viscous fluid
with constant properties in the absence of external forces are taken as a basis for cal culating the dynamics of
gases in recuperative heat exchangers. In order to systematize the analysis of the process of distribution of
hydrodynamic parameters of gasin the inner tube, oscillations of nozzle elements and their influence on heat
transfer, the problemis considered under conditions of gas flow turbulence. The nozzle elements are connected
by an elastic wire through a certain distance. Due to the kinetic energy of the gas flow, the elements of the
nozzle are driven in the longitudinal and transverse directions. At such problem statement, for physical
interpretation of dynamics and heat exchange of gases, data on geometry of flow area, pipe dimensions, gas
flow rate, temperature, physical and chemica parameters, elagticity of wire and oscillation (vibrability) of
nozzle elements are required. Under the assumption that the temperature depends only on time and longitudinal
coordinate, taking into account the heat transfer from the pipewall to the gas, asimplified heat transfer equation
is formulated. Possibilities of realization of the proposed model using computer mathematical systems of
different levels are discussed.

Keywords: mathematical model, gas dynamics, local turbulizer, recuperative heat exchanger, computer
models.

B.P. Ucmawnnos?, P.I1. badaxomxkaer?, JK.T. Aiimenos?, X.B. Ucmamos?, A.C. [Ilam6unosa’
11Oxno0-Kaszaxcranckuii yauepcuter uM. M. Aya3oBa, r. [llsiMkent, Kazaxcran
2 TanKeHTCKUii roOCyIapCTBEHHBIN TeXHUYeCKui yHuBepcuteT um. . Kapumosa, r.Tamkenr,
PecryOnnka Y30ekncran
MOAEJIMPOBAHUE THAPOANHAMUKHU U TEIIVNIOOBMEHA B TEINIOOBMEHHUKAX
C TYPBYJIU3ATOPAMHU

AnHomayus

B pamkax Teopuu TypOyJECHTHBIX I'a30BBIX MOTOKOB IIPOBECH aHAIW3 HauOOJiee 4acTO MPUMEHSIEMbIX
MaTeMaTHYECKUX MOJICICH TUHAMHMKH ra30B M TEIJIOOOMEHA B TEIJIOOOMEHHOM YCTPOMCTBE SHEPreTHYECCKHIX
YCTaHOBOK. B KadecTBe OCHOBBI /ISl pacueTa JAWHAMUKHA Ta30B B PEKyNEPATHBHBIX TEIJIOOOMEHHUKAX
npuHTEl ypaBHeHUs: Hapbe-CTokca B mepeMeHHbIX ['elbMrosiblia, OIMCHIBAIOIIME IIJIOCKOE TEUeHHE
HEC)KMMAEMOW HbIOTOHOBCKOW BA3KOW KUJKOCTH C MOCTOSIHHBIMU CBOHCTBAMH NPU OTCYTCTBHMU BHEIIHMX
cui. C 1enpio CUCTeMaTH3aI[iHN aHaTK3a IIPOIIecca pacpeneIeHus THAPOIMNHAMUYECKIX TTapaMeTPOB raza BO
BHYTPECHHEH TpyOe, KojieOaHHs SJIEMEHTOB HAacaJIOK M BIMSHUS MX Ha TEIIONepeaady, OoCTaBlIeHHas 3a/1a4da
paccMaTpuBaCTCSl B YCIOBHSX TYpPOYJICHTHOCTH Ta30BOT0 MOTOKA. DJIEMEHTHI HACAAKU COCIUHEHBI MEXKITY
c00010 yIpyToii MPOBOJIOKOH Yepe3 OMPESIICHHOE PACCTOsTHIE. 32 CUET KHHETUIECKOW dYHEPTUU TIOTOKA Ta3a,
AJIE€MEHTHI HACAIKU IPUBOJATCA B IBUXKEHUS IO NPOAO0IBLHOMY U IO TONIepeYHOMY HaripaBieHusM. [Ipu takoit
ITOCTAaHOBKE 3aJaud, UId (PU3HUSCKOW HMHTEPIpPETAlMd JWHAMHKH W TEIDIOOOMEHa Ta30B, HEOOXOIMMBI
JAaHHBIC TI0 TEOMETPUHU 00JIaCTH TEUEHUS, pa3MepaM TpyO, pacXxoy rasza, TeMreparype, GU3uKo-XUMHISCKUe
MapaMeTpbl, YIPYrocTH TPOBOJIOKH M KOJIeOaTeNbHOCTH (BUOPHUPYEMOCTH) BIIEMEHTOB Hacalok. [lpwu
JIONYIIIEHWH, YTO TeMIlepaTypa 3aBHUCUT TOJbKO OT BPEMEHHU M TPOJOJBHOM KOOPJAMHATBHI, C Y4E€TOM
TeIUTOTIepeIady OT CTEHKU TPYOBI K Ta3y, COCTABIICHO YIIPOIIIEHHOE YpaBHEHUE Teruionepenadu. O0CyKIeHbBI
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BO3MO)KHOCTH peaju3aly MpeylaracMoi MOJAEIN C HMCIOJIb30BAHMEM KOMITBIOTEPHBIX MaTEMATHYECKHX
CHUCTEM PA3HOTO YPOBHSIL.

KaoueBbie cjoBa: MareMaTudeckas MoOJEib, JUHAMHKA Ta30B, JIOKAJIBHBIA TypOyJImM3aTop,
PEKyIepaTUBHBIN TETII00OMEHHUK, KOMITBIOTEPHBIE MOJICIIH.

B.P. Ucmamnos?, P.I1. babaxomxkaes?, K. T. Aiimenos?, X.b. Mcmamnos?, A.C. lllam6umosa’

M. Oyesos atemaarsl Onrycrik Kasakcran yausepcureri, Illsivkent K., Kazakcran PecryGamkacs
211. KapumoB aTeIHAarbl TalIKEHT MEMJIEKETTIK TEXHUKAJIBIK YHUBEPCHTET, TAIIKEHT K.,
O30ekcTan PecyOmmkacsr
TYPBYJM3ATOPJIAPBI BAP XbIJTY AJIMACTBIPFBIIITAPIAFBI THIPOAUHAMUKA
MEH XbLTY AJIMACYJIBI MOAEJIBJEY

Anoamna

TypOysieHTTI Ta3 aFbIHAApbl TEOPHUSCHl AACHIHIA SHEPIETHKAIBIK KOHIBIPFBUIAPABIH KbULY aJMacy
KYPBUIFBICBIH/IA Ta3 JAWHAMHUKACHI MEH JKbUTYy alMacy[dblH €H KOl KOJJIaHBUIATBIH MAaTeMaTHKAIIbIK
MOJIeTIb/ICpiHE Talfiay >Kacayapl. PereHepaTHBTI KbUTy ajJMacTBIPFBINTAPAArkl Ta3gapblH TAHAMHKACHIH
€CenTey YIIIH HEri3 peTiHJe ChIPTKbI KyIITep OOJIMaraH Ke3Jie TYPAKThl KacCHUEeTTepl 0ap ChIFbUIMANTHIH
HBIOTOH/IBIK TYTKBIP CYHBIKTBIKTBIH Ka3bIK aFbIHBIH CUTIATTANTHIH [ eIbMT0JIbI] aifHbIMaJIbIIapbiHAaFrbl HaBbe-
Crokc TeHneynepi KaObUAaHabl. ImIki KyOBIpIarsl Ta3IblH THAPOIMHAMHKAIBIK ITapaMeTpiIepiHiH Tapairy
MPOLIECIH, canTamaliap/IblH TepOCIIiCiH KOHE OJIapJIbIH KbLIy OepilyiHe ocepiH Tajjay/abl Kykeney YIIiH
KOWBUIFAH MIHAET ra3 arbIHBIHBIH TYypOYJIEHTTLIIr KarJalblHaa KapacTeipbliaabl. Camrama sJIeMEHTTepi
Ocnrimi Oip KAIIBIKTHIK apKBUIBI CEpITIMII CBIMMEH ©3apa OailaHbICTBL. ['a3 aFbIHBIHBIH KHHETHKAJBIK
SHEPTHUACH €CeOIHeH carraMa JJIEMEHTTepi OOMIBIK JKOHE KeJICHEH OarbITTap OOWBIHINA KO3FajIbICKa
KenTipuieai. MyHnai TarcblpMaHbl KOO KE31HJIE T'a3/1ap IblH JUHAMUKACHI MCH JKbLITY aJIMacybIH (PH3UKAIIBIK
TYCIHAIPY YIIiH arblH aiiMarbIHBIH T€OMETPHUSCHI, KYOBIPIApABIH MOIIIepi, ra3 IIbIFBIHBL, TEMIEpaTypa,
(hM3UKATBIK-XUMUSIIBIK,  TTapaMeTpiiep, CBIMHBIH CEPIIMAUIITT JKOHE camTaMa JJIEMEHTTEpiHIH TepOeici
(mipinaimiri) Typajibsl MOJTIMETTEp KaxeT. Temreparypa TeK YakbIT MeH OOMIIBIK KOOpAHHATara OaiaHbICThI
JIeT €CeITereH/Ie, KYObIp KaObIpFachlHAH T'a3Fa )bUTy OepY/li €CKepe OTBIPBIIL, KbUTy OCpPYIiH KEHUIICTUITCH
TeHJeyl kacananbl. ¥ CHIHBUIFaH MOJETBAl SPTYPIIi ACHIeHIeri KOMITBIOTEPIIiK MaTeMaTHKAIIBIK JKyHerep i
KOJIJIaHa OTBIPBIIT )KY3€re achIpy MYMKIHIIKTEPI TaJIKbUIAH/IbI.

Tyiiin ce3mep: mMareMaTHKaNbIK MOJENb, ra3 AMHAMHKACKI, KEPTiKTI TypOyau3aTtop, peKyrnepaTuBTi
YKBLTY aJIMACTBIPFBIIII, KOMITBIOTEPITIK MOAEIBAEP.

Introduction

The problem of rational and efficient use of fuel and energy resources is one of the most important
tasks of the fuel and energy complex of the Republic of Kazakhstan. With the growth of energy
capacities and production volume the dimensions of heat exchangers used are increasing. Creation of
more efficient and compact heat exchangers provides significant savings of fuel, metals and labor
costs. A significant role in solving these problems can be played by the wide introduction of effective
methods of heat exchange intensification in channels in the design and manufacturing of hesat-
exchange apparatuses and devices.

In contact devices (CD) of thermal power plants (TPP) complex dynamic and stationary processes
of interaction of phases at different values of mode, geometric and technological parameters are
realized. At long-term operation of CDsthereis adeviation of parameter values due to corrosion and
erosion of their elements, growth of scale and sediments on their surfaces, which leads to a decrease
in the efficiency of the whole technological line of heat and el ectric energy production.

One of the solutions to this problem is the intensification of hydrodynamic and thermal processes
with the improvement of the design of recuperative heat exchanger and the development of a
mathematical model of heat energy transfer from one coolant to another through the separating wall
of the apparatus, as well as computer modeling and numerica study, which represents the relevance
of the issue under consideration.
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Taking into account the scale of the industry, it can be concluded that there are great reserves for
increasing the saving of fuel and energy resources and reducing the negative impact on the
environmental situation in industrial regions and in the country.

At present, researchers have quite clearly formulated two main approaches to the realization of the
created mathematical models of physical problems arising in finding the dynamic and heat exchange
characteristics of CD of TPP:

1) development of own numerical algorithms and programs for their implementation;

2) use of computer mathematical systems created by well-known developers.

Each of these approaches is characterized by certain advantages and disadvantages. The first
approach analyzes the issues of existence and uniqueness of the solution of differential equations,
convergence, stability and accuracy of the applied numerical algorithms. The mesh designis alabor-
intensive process, especially when solving problems in the complex region of phase motion. In the
second approach, numerical solutions are presented in an easy-to-visualize form, the grid area is
created by the computer program itself.

The application of both methods should be justified by establishing the adequacy of the solution,
for example, by comparison with experimental data and /or/ statistical methods. The aim of the study
is to develop a mathematical model, numerical algorithms and computer programs for their
implementation, used to analyze the dynamics of heat transfer fluid parameters in recuperative heat
exchangers with turbulizing devices.

Resear ch methodology

To achieve the goal of the study, the most effective methods of heat transfer intensification in CD
of TPP were analyzed according to the publications on problems close to the problem formulation.
In work [1] devices for intensification of heat transfer in the form of primary and secondary
corrugated channels are proposed and it is shown that gas flow in them is unsteady. In works [2-5]
different designs of turbulizersin the form of nozzles(cavities), recesses, wellsand metal insertswere
proposed. The characteristics of flow and heat transfer in aslotted jet flow limited by inclined plates
and hitting a flat surface have been studied. The effect of Reynolds number and the angle of
inclination of the retaining plate and the distance between the plates on the pressure distribution is
determined. It is also observed that athough the pressure distribution isindependent of the Reynolds
number, it is affected by the angle of inclination of the holding plate and the distance between the
plates. The standard k-¢ turbulence model used predicts results closer to the experimental data. The
thermal and hydraulic characteristicsin atube with ball turbulators are calculated in [6]. However, in
this work, the theoretical and computational results are not compared with experimental data, which
narrows the application of the created models of balloon nozzle flow with gas flow. In work [7]
numerical experiments were performed and optimal characteristics of heat transfer and pressurefield
distribution in a shell-and-tube heat exchanger were determined. Depending on the velocity of gas
supplied to the heat exchanger, laminar, transient and turbulent modes can be realized, and modeling
of each of these flows involves the use of appropriate mathematical apparatus [7-8]. Works [9-11]
present the results of a comprehensive approach to the creation of shell-and-tube heat exchangers
with surface intensification of heat transfer. In [12], an original method utilizing the radiation-
turbulent component inside the wedge-shaped channel was developed. A mathematical model was
created and the coolant flow and heat transfer were numerically investigated for four-channel
configurations. The results show that the total Nusselt number of the channel using the radiative-
turbulent component increased by more than 48 %. This is due to the expansion of cold surfaces to
improve radiative heat transfer and the change in the distribution of flow perturbations to improve
the homogeneity of convective heat transfer, both of which are induced using the radiative-turbulent
component.

In this paper, the problem of modeling the dynamics of gas flow and heat distribution in achannel
with turbulators consisting of hollow elements with different geometric configurations (ball, oval,
prism, etc.) and strung on elastic wires at a certain distance is posed. The model is based on the
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Navier-Stokes equations describing the flow process of gas and liquid flows averaged over the
Reynolds principle and convective heat transfer. The aim of the study is to find the distribution of
dynamic characteristics of gas (velocity, swirl, kinetic energy and local scale of turbulence) and
temperature change of heat flow in a pipe with turbulators of different shapes.

The principles of derivation of the Navier-Stokes equations (NSE) and their application, numerical
solution and related issues are considered quite comprehensively in work [13]. It should be noted
that only in simple cases it is possible to obtain exact anaytical solutions of the NSE (e.g., in works
[14-15]), but even in these cases there is a need to use numerical methods to calculate the applied
integral relations. It is known that when bodies are streamlined by a gas flow, especialy in the
presence of sharp edges on the surface of bodies, breakaway flows with predominantly unsteady
characteristics arise. In the breakaway zones, as it was shown in [16-17], the intensity of heat and
mass transfer increases significantly and this fact should be taken into account when modeling and
calculating the flow of nozzles with gas flow. It should be noted that in column apparatuses of
chemical technology also widely used periodically arranged nozzles of different shapes (bals,
cylinders, plates, etc.), installed to intensify the interaction of the treated phases [18]. In such cases,
the NSE are nonlinear, and the systems approximating them, consisting of finite-difference equations,
are also nonlinear. For their solution, iterative methods [19] are used to achieve the required accuracy
at large system dimensions.

Various types of external and internal fins are used in industrial power plants to turbulize flows
and increase the efficiency of heat transfer. As internal finning various inserts are applied or
diaphragm tubes are used. The experience of creation and operation of various heat-exchange devices
has shown that the methods of intensification of heat exchange in channels developed in the research
cycle provide reduction of dimensions and weight of these devices in 1,5-2 and more times in
comparison with similar serially produced devices at the same thermal power and power for pumping
of heat carriers, as well as a significant reduction of clogging and salt deposition in their channels.
This reduces costs and labor intensity of operation 2-3 times, increases resource and reliability. The
proposed methods of intensification are technological in production and assembly of heat-exchange
apparatuses, convenient in operation. Below we will consider some methods of heat exchange
intensification: method of purposeful artificial turbulization of flow in the near-wall zone, based on
periodic creation of small vortex zones near the wall, which are the source of additional turbulization
of the flow. This method is realized for tubular and plate-and-ribbed heat exchangers. The numerical
study was carried out using the COM SOL Multiphysics software package. Characteristic dimensions
of tubes: inner diameter - 20 mm; length - 400 mm. Theratio of tube length to diameter L/di = 20. At
theinlet of the tubesthe flow velocity is equal to 0.01 m/s. Different types of local turbulators of four
types are installed in the middle of the tube. In the calculations a model was used, which is designed
to simulate the flow of gas (liquid) at large (turbulent) Reynolds numbers and at small density
changes.

The model of turbulent heat and mass transfer in this pipe-in-pipe type problem includes:

- Navier-Stokes equations (momentum conservation law);

- the equation of continuity (law of conservation of fluid mass);

- thelaw of conservation of energy;

- scalar diffusive transport equation (law of conservation of mass);

-k — w turbulence model.

The turbulent incompressible fluid model is based on the standard turbulence model consisting of
the following system of equations:

2 2
p(u-Vu=V- [—pl + (u + pp)(Vu+ (Vu)7) —3 WA un)(V-wl—opkl| +F,
V- (pu) =0,

p(u-Vk =V [(4+ tro,)Vol + a2 py — pBow?, @
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where k - kinetic turbulent energy; u - velocity of dissipation of turbulent energy; p - density, T -
temperature, and P - pressure.

Inworks[17-18], system (1) is solved numerically for the case of flowing of periodically arranged
nozzles in a multistage channel by the establishment method. Under the assumption that the
temperature depends only on time and longitudinal coordinate, taking into account heat transfer from
the pipe wall to the gas, the heat transfer equation can be written as follows [12]:

oT a oT
pey 5= 2 (k) + houe (Tyan — T, )

where T - gas temperature; t - time; X - longitudinal coordinate; p - gas density; c,, - gas specific heat
capacity; k - gas heat transfer coefficient; - heat transfer coefficient between the pipe wall and gas; -
pipe wall temperature.

The heat transfer coefficient between the pipe wall and gas depends on a number of factorsand is
usually determined experimentally or on the basis of empirical correlations. Important parameters
affecting the heat transfer coefficient are gas vel ocity, gas properties, pipe geometry and other factors.
One way to determine the heat transfer coefficient isto use correlations such as the Nusselt-Numann
equation (Nu-Re-correlation). This equation relates the Reynolds number (Re) and the Nusselt
number (Nu):

Nu = C Re™Pr™ 3

where Re = # - Reynolds criterion, p - density of liquid or gas; u - average flow velocity; u -
dynamic viscosity of the medium. Pr = au — Prandtl criterion, a - heat transfer coefficient of the
medium; C, m, n - coefficients depending on the specific geometry and the considered flow regime.

Nu = % - Nusselt criterion, h - heat transfer coefficient; L - characteristic size of the object or distance

through which heat exchange occurs; k - heat transfer coefficient of the medium.

The value of Nusselt number can be different depending on conditions and systems, so itsvalueis
not fixed and requires calculations or experimental data for a particular problem.

All the above physical quantitiesin the criteriaare determined during problem formulation and are
input data for the computer program. There are different correlations C, m, n for different flow
regimes and pipe configurations.

The information on methods for modeling turbulent flow is based on general knowledge of CFD
(Computationa Fluid Dynamics). To date, various methods have been used to model turbulent flow
in channels of different shapes, each of which has its own advantages and limitations. The most
popular approaches are: RANS (Reynolds-Averaged Navier-Stokes) models. These models average
the turbulent flows over time, which reduces the computational cost. Among the RANS models, the
best known are: k-e model; k- model; SST (Shear Stress Transport) model. They are suitable for a
wide range of problems, but may not accurately reproduce some turbulent flows, especialy in
complex geometries CFD: The Basics with Applications, and LES (Large Eddy Simulation) models.
LES models require more computational resources than RANS, but provide more accurate modeling
of complex flows. DNS (Direct Numerical Simulation) modeling solves the Navier-Stokes equations
without any approximation or simulation. This method requires huge computational power and is
mainly used for research purposes to gain a detailed understanding of turbulent flows. Hybrid
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approaches. There are hybrid methods such as Detached Eddy Simulation (DES) that combine
elements of RANS and LES to balance accuracy and computational cost.

Results of the study

In this paper, the problem of modeling the dynamics of gas flow and heat distribution in a channel
with turbul ators has been solved compl etely enough, and the advantages and disadvantages of modern
approaches to modeling complex physical problems have been shown.

Figures 1-2 show plots of temperature and pressure distribution for four types of turbulators
obtained by realization of model (1) using COMSOL Multiphysics package. Figure 1 shows that for
all types of turbulators the maximum flow velocities are concentrated near the boundary, which isan
important factor for intensification of heat exchange between the el ements of the pipe system. In the

space between the turbulators the velocities are small, especialy for turbulators of the 4th type (lower
garland).
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Figure 1. Distribution of flow velacity in a pipe with turbulators of different shapes
of different shapes, m/s
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Figure 2. Distribution of flow pressure field in a pipe with turbulators of different shapes, A Pa.

Figure 2 showsthat the highest pressure values for turbulators of types 1-3 are achieved at theinlet
(initial) sections of the pipe, due to arather fast establishment of the pressure field.

Figure 3 shows the distribution of gas velocity at the flow around the turbulizer elements obtained
by direct implementation of the turbulence model according to the Patankar model [20], using
Reynolds averaging, compiling a program in an algorithmic language. This approach is more labor-
intensive, but alows obtaining numerical values of hydrodynamic parameters. It can also be observed
(smilar to Figure 1) the increase in velocity in the boundary region of the channel, which ensures
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efficient heat transfer. In the future, we plan to continue our research on this topic, by including in
the model (1) equations to describe the oscillation of turbulizing elements, in order to optimize the
whole process of regenerative heat exchange. Visual observations of the flow of the nozzle systemin
the pipe showed their oscillations with a small amplitude. To account for this effect, as part of the
model development, in future works the oscillation equations will be included in model (1), where
the physical parameters of the elastic wire and other input data of the whole system will be taken into
account.

2,8
2,4
2
1,6
1,2
0,8
0,4
0
-0,4
-0,8

Figure 3. Profiles of the longitudinal gas velocity at the plate streamline,
Re = 2500. x is the distance from the channel entrance, 1-x=0.3; 2-x=0.5; 3-x=0.6; 4 - x=0.8.

The analysis of numerical values of dynamic flow characteristics shows dynamic establishment
(stabilization) of body streamline: as the flow develops, from nozzle to nozzle, through a certain
number of contact stages, the values of velocity and pressure can be considered to be approximately
the same for subsequent stages. This fact can be used to save calculation time: given a permissible
error, we finish the calculation if the values of dynamic parameters in the region of two neighboring
nozzles become the same.

Conclusion

In this paper, the problem of modeling the dynamics of gas flow and heat distribution in achannel
with turbulators has been solved, and the advantages and disadvantages of modern approaches to
modeling complex physical problems have been shown. Model (1) is realized using the COMSOL
Multiphysics software package. Quantitative and qualitative picture of dynamics and heat exchange
in the considered problem formulation; distribution of flow velocity value in a pipe with turbulators
of different shapes, m/s; distribution of flow pressure field in a pipe with turbulators of different
shapes are obtained. The possibility of conducting systematic numerical experiments with input data
in a wide range, to optimize geometric and mode-technological parameters of local turbulizer
operation is evaluated. Using the turbulence model, the computational system allows predicting the
structure of flow in the pipe channel, resolving the details of secondary currents quite precisely.
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Abstract

This study examined using Excel spreadsheets to teach statistics elements in a school mathematics course.
Compared to other software packages, the advantages of using Excel in school mathematics have been
determined. Basic information about Excel was shown, and information was given about its current use in
teaching statistics. The school mathematics course determined the kind of statistical calculations that can be
made. Statistics have a specia place in school mathematics. It is covered in the mathematics textbooks of
grades 5-11 of the general education school. In grades 5-6, they are given subtopics as an introduction to
statistics; in grades 7-11, they are considered a separate section. The issue of digital technologies in teaching
statistics is often discussed in textbooks. The digital tool MS Excdl is used in mathematics textbooks for the
7th grade, 8th grade, and 11th grade of genera education schools in the Republic of Kazakhstan to make
statistical reports. 11th grade in elementary schools of algebra and analysis in the subject: main and sample
sets, basic statistical means (sample mean, arithmetic mean, median, mode), discrete and interval frequency
tables, statistical diagrams (frequency polygon, histogram), and discrete get acquainted with the concepts of
guantitative characteristics of the selection of random variables. In this article, we have given tasks and
instructions for making calculations using the Excel spreadsheet for the topics mentioned in the 11th-grade
Algebraand Analysis Beginnings textbook. It has been shown that all statistical reports at the school level can
be produced using Excel. MS Excel was used to create a frequency table, calculate fundamenta statistical
mean values, and create a frequency polygon, and a histogram was shown with concrete examples.

K eywor ds: school mathematics, elements of statistics, MS Excdl, digital program.

M.T. Uckakosal, A. Kapxay6aii®, JI.JI. Jusposa?
1A6Gait aTeiagarsl Kazax WITTBIK [TEJ]arOTUKAJIBIK YHUBEPCUTETI, ANMaThI K., Kazakcran
2I11.EcenoB aThiHaarsl Kacmuii TeXHOJIOrHsIAP KoHE MHKMHUPUHT YHUBEPCHTETI, AKTay K., Kazakcran
MEKTEII MATEMATUKA KYPCBIHJIA CTATUCTUKA DJIEMEHTTEPIH OKBITYJIA EXCEL
BAFJIAPJIAMACHIH TANJIAJIAHY

Anoamna

Byn 3eprreyne MmexkTenm MaTeMaTHKa KypChIHAA CTaTUCTHKA 3J€MEHTTEpiH okbiTyna Excel kectemik
MPOIIECCOPBIH KOJIJIaHY JKaFIaiibl KapacThIpbUIIBL. backa mporpaMMalbIK MakeTTepMeH canbicTeiprana Excel
MPOTPaMMANIBIK ~ KACaKTaMaChIHBIH ~ MEKTENl MaTeMaTHKachlHAa TMalJanaHylblH  apTHIKIIBUILIKTaPhI
anbIKTanAbl. Excel xaiiipl HErisri aKmapatr KepCeTilil, Kasipri yaKbITTa OHBIH CTaTUCTHKA 3JIEMEHTTEPiH
OKBITY/Ia TaliAaIaHblIyhl Typasibl aKnapar Oepiaai. MekTen MaTeMaTHKa KypChlHAa CTaTUCTHKAHBIH KaHJai
€CernTepiH IIBIFapyFa OOJATHIHBI AHBIKTAIJBL. MEKTEel MaTeMaTHKACBhIH/IA CTATUCTHKAHBIH alaThblH OPHBI
epekme. On >xammel OimiM  OepeTiH MekTenTiH S5-11 CHIHBINTAPBIHBIH MaTE€MaTUKa OKYJIBIKTapPbIHBIH
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OpKalCBICBIH/AAa KAMTBUIFaH. 5-6-ChIHBINTApa ONap CTATUCTHKAFa Kipicre peTiHAe ilIKi TaKbIPBINTap PeTiHAe
Oepince, 7-11 ceiHBINTApaa JKEeKe Tapay peTiHzae KapacTelpbuiaasl. OKyJIBIKTapAa CTATUCTUKAHBI OKBITYIAFbI
TUQPIABIK TEXHOJOTHsIIap Maceneci xkui aiitbuiansl. MS Excel mudpnbik kypansr Kazakcran Pecryomuikackt
Xannel OidiM OepeTiH MEKTEeNTepHiH 7-ChIHBIN, 8-CHIHBIN >KoHE |1-ChIHBIOBIHA apHaJFaH MaTeMaTHKa
OKYJIBIKTapBIHA CTATHCTUKAIBIK €CeTITeP/Ii IIbIFapyaa Koiaanboiansl. JKamms! OiiM GepeTiH MeKTenTepine
11-cempm  anrebpa koHe aHaM3 OacTaMajapbl MOHIHAE: OaCTHI KOHE TaHIAIBIM JKHBIHTBIKTApbIH, HETI3T1
CTaTUCTUKAIBIK OpTa MOHAEP (TaHJAIBIM KYJIalibl, apu(MEeTHKaIBIK OpTa, MeAHaHa, MOJIa), TUCKPETTI KoHe
MHTEPBAIABIK JKAUTIK KECTeNepi, CTAaTUCTUKAIBIK AuarpamMMmanap (KUiTIK ITOJHTOHBI, THCTOTpaMMa) >KOHE
TUCKPETTI KEe3MeHCOK MaManap TaHAaJbIMBIHBIH CaHABIK CHIIaTTaMalaphbl TYCiHIKTEepiMeH TaHbIcambl. Ochl
Makanambiza 11-celHbI anredpa jkoHe aHan3 OacTaMmaiapbl OKYNBIFBIHAA aTalnfaH TakelpeinTapra Excel
KeCTeJliK MPOLECCOPBIH MaiiIaaHbIll, ecenTep LIbIFapyFa TarncekpMaap KoHe HyCKayibIKTap oepaik. Mekren
NeHTeHiHAeT] CTaTUCTUKAIBIK ecenTepIiH OapibireiH Excel kemeriMeH msirapyra 601aThIHBI KopceTingi. MS
Excel xeMeriMeH XWilliK KECTECiH KypyFa, HETi3Ti CTATHCTUKAIBIK OpPTa MOHJICPAl ecemnTeyre, »KHUiTIKTep
MOJIMTOHBIH JKOHE TUCTOTPaMMAaChIH KypyFa HaKThl MbICAIAapPMEH KOPCETiIi.
TyiiiH ce3aep: MEKTEIl MaTeMaTHKAChI, CTaTHCTUKA dIeMeHTTepi, MS Excel, mndpieik 6armapirama.

M.T. Uckakosal, A. Kapsxay6aii®, JI.JI. dJusposa?

!Kazaxckuit HaumonanbHbli e jarorndeckuii ynusepcureT umenu Abas, r.Anmarsl, Kazaxcran
2Kacrmiickuii yHMBEPCHTET TeXHOIOTHH U nHxkeHepuu umenu 111, Ecenosa, r.Akray, Kazaxcran
HNCIIOJIb3OBAHUE MPOT'PAMMbBI EXCEL TP OBYYEHUU DJIEMEHTAM CTATUCTHUKH
B LIKOJIBHOM KYPCE MATEMATHUKHU

ArHomayus

B sTOM HccneioBaHnN U3ydanoch NCTIONb30BaHHE AIEKTPOHHOM Tabmuiel Excel mpu 00ydennn snemMeHTam
CTaTUCTUKH B IIKOJIBHOM Kypce MaTeMaTHKH. OnpeaeneHsl NpeuMyIiecTBa HCIonb30BaHus mporpamMm Excel
B UIKOJbHOM MaTeMaTHKE IO CPAaBHEHHIO C APYIMMH IaKkeTaMd mporpamMm. bpuia mokazaHa OCHOBHas
nHpopmanus o6 Excel u mana mHpopMamust o ero TEKylleM HCIONb30BaHHU B OOYYEHUHM CTaTUCTHKE. B
HIKOJBHOM Kypce MaTeMaTHKH OBUIO OTNpENeNieHO, KAKHE CTATHCTUYECKUE PacdeThl MOKHO MPOU3BOJIHTS.
Cratuctuka 3aHMMaeT 0co00e MEeCTO B IIKOJIHHONW MareMaTuke. EW TOCBAIIEH KaXKIBIH M3 Y4eOHUKOB
MaTeMaTHKH Juist 5-11 kmaccoB o011eo0pa3oBaTeIbHOM MIKOJIBL. B 5-6 Kj1accax OHU Jal0TCS KakK MOJITEMbI KakK
BBEJICHHE B CTATHCTHUKY, a B 7-11 Kilaccax paccMaTpuBaIOTCs Kak OTIENbHBIN paszzien. Bompoc o mudpoBsix
TEXHOJIOTHSIX B OOYYEHHHM CTaTUCTHKE 4acTo obOcyxkpaercss B yueOHHMkax. MS Excel mcmombsyercs kax
nU(pPOBOM MHCTPYMEHT B Y4eOHMKAxX 10 MaTeMaTHuke aisi 7, 8 u 11 kimaccoB o0meo0pa3oBaTeIbHBIX HIKOJ
Pecny6nku Kazaxcran npu penieHun CTaTHCTHIECKUX 3a1a4. B 00meoOpa3zoBarenbHbIX mKoiax B 11 kiiacce
0 IpeAMETY anredpa U Havyajo aHaIn3a MPOXOAST TEMBIL: TJIaBHbIE U BEIOOPOYHBIE COBOKYITHOCTH, OCHOBHBIE
CTaTUCTUYECKUE CPEACTBa (BRIOOPOUYHOE cpelHee, cpeaHee apu(pmMeTnieckoe, MeIuana, MoJia), JUCKPETHbIE
W WHTEpBaJbHBIE TaOJWIBI YaCTOT, CTATHCTUYECKHE JUarpaMMbl (TIOJUTOH YacTOT, TUCTOTPaMMa) |
JTUCKPETHBIN mpreM. O3HAKOMSTCS C IOHATUSAMH O KOJIMYECTBEHHBIX XapaKTEPHUCTHKAX BHIOOPKH CIyYaiHbIX
BeIMYMH. B 3TOi craThe Mbl Jaiyl 33JaHUsl U WHCTPYKLUH IO MPOBEACHHUIO PACUE€TOB C HCIIOJIb30BAHUEM
ANIeKTPOHHOH Tabmuipl Excel mo Temam, ynoMsHyTeIM B yueOHUKe «AJredpa u Hayanmo aHanwzay i 11
knacca. IlouyTm Bce cTaTHCTHYECKHME pacueThl IIKOJIBHOM MporpaMMbl MOTYT OBITH COCTAaBJIEHBI C
ucnons3oBanreM Excel. Mcnons3zoBanue MS Excel mis cosmanust TaGuuIbsl 4acToT, pacdeTa OCHOBHBIX
CTaTUCTUYECKUX CPEIHUX 3HAUYEHHH, MMOCTPOCHMS MOJMIOHA YaCTOT M THCTOrpaMMbl OBIJIO IOKa3aHO Ha
KOHKPETHBIX MTPUMepax.

KiroueBble ci10Ba: NIKOIBHAS MaTeMaTHKA, JJIEMEHTHI cTatucTuku, MS Excel, mudposas nporpamma.

Main provisions

Statisticsis a branch of mathematics that describes the general problems of collecting, measuring,
and analyzing quantitative or qualitative data. Thanks to these data, it is possible to analyze the
activitiesand work of any economic sector. In the current development of society, interest in statistics
as ascience and its widespread use in practical activities has grown significantly.
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Introduction

Statistical data can give a clear picture of the current state of production and economy. Thanks to
this, any deviations or inconsistencies can be detected, severa corrective measures can be taken in
time, and the situation can be significantly improved [1].

As the importance of statistics increased, the demand for statisticians increased. Also, in today's
society, everyone should be competent in statistics because statistical data (average, median, mode,
etc.) can be found in every activity of everyday life. This means that the teaching of statistics has
become an actua issuein the field of education, that is, in the methodology of teaching mathematics.

Using digital technologies in teaching statistics is advisable because applied statistical analyses
are performed on large amounts of data. When performing statistical analysis of big data on paper,
you can face problems such as data confusion and cal culation duration. Digital technologies can solve
such a gap in statistics education. Excel is the most widely used statistical software package in
production. The issue of using digital technologies such as Excel in teaching statistics has not been
fully explored, and collecting information on thisissue is becoming urgent.

Resear ch methodology

The purpose of the study isto review the use of the Excel program in teaching statistics in school
mathematics courses and determine its differences from other software packages [2].

Research methods: theoretical review, comparison, induction.

The study's objectives are to determine the use of digital technologies in teaching statistics
elementsin ageneral education school and the extent to which teachers master them.

Hypotheses

H1: enables students to use knowledge through digital technologies effectively;

H2: helps students to be sociable;

H3: Helps students make quick and correct decisions[3].

Results of the study

Literature review. MS Excel. Excel, the leading spreadsheet program, is a vita tool for
professionals across various fields [4]. Business people, scientists, accountants, and journalists rely
on its versatile capabilities. They use it to manage lists, create catalogs and tables, generate financial
and statistical reports, analyze survey data and trade enterprise status, process scientific experiment
results, and prepare presentation materials. Excel can calculate sums across table columns and rows,
calculate percentages, and calculate the arithmetic mean, bank rate, or variance. The Excel software
package has many financial, mathematical, logical, and statistical standard functions[5].

In the Excel spreadsheet, you can change the design of the cellsin different ways. Asin powerful
word processors, Excel can change fonts, letters' color, background, etc., and functions. In addition,
it allowsyou to create graphs and charts and insert picturesinto the table. The Excel software package
can perform about 400 standard functions of mathematical, logical, accounting, and statistical
functions. Therefore, using Excel to teach mathematics is very effective and provides many
opportunities for the subject teacher. In the process of teaching mathematics, Excel can be used to
study many topics: solving equations; solve the system of equations; function study; draw a graph of
the function; solving statistical problems.

Comparison of Excel with other statistical software packages. In addition to the Excel table
processor, powerful software packages, such as Minitab, STATISTICA, COMSOL, Matlab, and
SPSS Statistics, generate statistical reports (https: //mwww.minitab.conv).

Using the Minitab software package, you can visualize, analyze, and compare data to implement
business tasks (https://www.statistica.com/en). The program offers al the possibilities for creating
reports, has many tools for statistical analysis, and allows you to format tables and graphs
conveniently for a report or a scientific article. The Minitab package includes a large selection of
statistical tools. The program will be helpful for specialistsin various fields of activity. For example,
accountants, financiers, and analysts use large data sets for analysis, macros for process automation,
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and graphical elements for reports. This program is often used during scientific research among
teachers, students, and research workers in higher educational institutions.

StatSoft manufacturer STATISTICA is known for creating robust programs for statistical and
graphic analysis (https.//www.statistica.com/en/). This software package's set of tools alows
prediction and data mining. This program enables users to create applications, install integrations,
and organize Internet access. The user can customize the STATISTICA interface according to their
tasks and needs. The analysis process proceeds interactively by gradually opening dialog windows.
The first tab always contains the most used functions, while the others contain specialized methods
and functions. Therefore, it will be convenient for both beginners and advanced users. The graphics
block contains a set of tools for visualization and graphic design. Y ou have over 10,000 graph types
to edit, interactively rotate, zoom, and control transparency. The main advantages of the
STATISTICA package are its high speed and accuracy of calculations. All calculations are fast,
although applications are massive and database requests are frequent. The program uses proprietary
performance improvement technologies. Initially, StatSoft products were designed with maximum
optimization in mind when working with complex predictive models. In STATISTICA programs,
you can perform exploratory data analysis, determine correlation, create scatter diagrams, calculate
the T-criterion, create frequency tables, and create themes. The program also allows you to define
probability distributions in an interactive calculator. The programs are intended for both private and
corporate users.

COMSOL software products are tools for creating numerical models in various design fields
(https.//www.comsol.conV). COMSOL Multiphysics is a universal platform used in production,
scientific research, and engineering. This software environment alows us to analyze physical
processes and manage models and applications. The program hastoolsfor creating geometric models,
assigning properties to materials, and visualizing the final modeling project. All developed models
are stored in the database. The COMSOL software package has extension modules. COMSOL
Multiphysicsincludes core functionality such as model creation, application development, and model
management. You can group geometric models into patterns by creating geometric models. The
appendix contains interfaces for forming characteristics of models based on mathematical equations.
The COMSOL component is also an application development environment based on computational
models.

Matrix Laboratory, or Matlab for short, is a set of tools for programming, mathematical
calculations, and computer modeling (https://mwww.mathworks.conv). With the help of this software,
data processing is carried out quickly and qualitatively. Matlab products are represented as functions
or scripts. Modeling for data analysis alows the use of matrices, linear equations, and vectors. The
program has a built-in graph gallery for monitoring patterns. All graphica visualizations can be
annotated, and graphs can be manipulated. The application allows you to perform tasks of various
levels, from executing simple interactive commands to building large-scale programs. Differential
equations, partial derivatives, and linear and non-linear equations can be created.

IBM SPSS Statigtics is a software package for complex statistical analysis, planning, and business
accounting (https: //www.ibm.com/products/spss-statistics) [6]. SPSS Statistics has a convenient user
interface that does not require programming. There are various management functions, statistical
commands, and reporting tools. All IBM SPSS products are integrated into a single system, so
switching from one program to another will not be difficult. Built-in Modules increase analytical
capabilities. IBM SPSS works on all operating systems — Windows, MacOS, Linux, Android, and
i0S. Often, this software is used in medicine, marketing, government, and educational institutions.
The software package includes a metadata dictionary, which makes it easier to work with the
documentation. With SPSS, you can measure frequencies, correlations, regressions, and other
statistical products.

Most of the powerful statistical software packages are industrial. There is no specific statistical
software product aimed at education. However, the teacher can use the abovementioned programs to
teach statistics depending on his skills. Besides these, Excel spreadsheets have severa advantages.
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Almost all statistical calculationsin other software products can be performed in Excel [7]. Students
are familiar with the Excel spreadsheet asit is acomponent of Microsoft Office. Excel is accessible,
and its interface is intuitive. In many works, Excel has been used in mathematics courses in higher
educational institutions and schools[8].

MS Excel in teaching elements of statistics. The Excel digital tool can be a powerful learning tool
for elementary and middle school students. Excel provides concrete waysto explore abstract concepts
in math and other subjects. This program contains various formulas that can be used in teaching
mathematics. In addition to using ready-made formulas, students can create formulas to work with
guantities. This paper proposes the use of MS Excel in the teaching and learning of statistics in
secondary schools. This document demonstrates the ability of MS Excel to teach amost all high
school statistics topics. Using Microsoft Excel, you can generate the following types of statistical
elements in a school mathematics course: Creating diagrams and tables; Calculation of central
tendency values (mode, median, arithmetic mean, geometric mean); Construction of frequency range
and polygon; Creating a graphic image of a random variable; Calculation of variance and standard
deviation. Because Microsoft Windows is the standard operating system in many countries
worldwide, most teachers already own Microsoft Office, including Excel. Thus, when using the Excel
software package, an important criterion should be that it is widely available. Despite these
advantages, some scholars recommend the appropriate use of Excel in teaching statistics for several
reasons. For example, they consider some Excel functions complicated, inappropriate, or
inaccurate [9]. For example, in the general education schools of the Republic of Kazakhstan, students
of the 11th grade, within the subject of beginning algebra and analysis, pass the chapter on basic
concepts of mathematical statistics. In this chapter, the main and sample sets, the main statistical
average vaues (sample interval, arithmetic mean, median, mode), discrete and interval frequency
tables, statistical diagrams (frequency polygon, histogram), and numerical characteristics of discrete
random variables are introduced in the chapter. The 11th-grade Algebra and Analysis Beginnings
textbook has tasks and instructions for calculating these topics using the Excel spreadsheet [10, 11].
The following report is given in the textbook. The number of grainsin awheat ear obtained from a
field without fertilizer application is given.

Based on these data, create a frequency table, calculate the slope, mode, median, and arithmetic
mean, and create afrequency polygon and a histogram. First, we enter the datainto atable (Figure 1)
and create a frequency table (Figure 2).
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Figure 1. Entering data into an Excel spreadsheet

When creating afrequency table, you need functionsto count and find the maximum and minimum
values. Fundamental statistical mean values can be calculated using standard functions or formulas
(Figure 2). To create a polygon of frequencies, we select a table of frequencies and draw a graph
(Figure 3). To create a histogram, you must determine the number and length of intervals. After
deciding these, we determine the frequency of each interval. Then, select intervals and frequencies
and create a histogram (Figure 4).
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Figure 2. Calculation of the table of frequencies and basic statistical values using Excel
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Figure 4. Building a histogram using Excel

Discussion

Within the framework of the study, basic information about Excel was provided. Details on using
the Excel table processor in teaching statistics elements in the school mathematics course were
presented. The advantages of using Excel over other statistical software packages have been
identified. Most statistical software packages are not intended for educational use. Because of its
popularity, accessibility, and simplicity, Excel helps teach statistics. Excel is used to teach statistics
in school mathematics courses in many countries. It has been shown that all statistical problems at
the school level can be solved using Excel.
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An example of creating a frequency table, calculating fundamental statistica mean values, and
creating a frequency polygon and histogram was shown using MS Excel. This study will help
mathematics teachers teach the elements of statistics.

Conclusion

This work showed that the Excel software package can teach statistics elements in school
mathematics courses. Researchers agree that using Excel spreadsheets to teach statistics elements
helps students learn the subject easily. MS Excel has advantages over other digital toolsin that it is
affordable and relatively easy to use. The importance of using digital technologies such as Excel to
teach the elements of statistics in school mathematics has been revealed.
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«IUPPEPEHIUAJIABIK TEHAEYJIEP TEOPUACDHI» IOHIHEH CTYAEHTTEPIIH
O3/IIK ’/K¥YMBICTAPBIH YUBIMJIACTBIPY TYPAJIBI

Anoamna

Byt xyMbIcTBIH 6acTBl MakcaThl CTYACHTTEpre Xai auddepeHnuaiIbK TeHACYIep TEOPHSIChIHAH eKiHII
peTTi TypakTel KOA(PPHUIHEHTTI OIpTeKTi *koHe OipTekTi emec AupQepeHaNAbIK TeHaeyIepre KOWbUTFaH
OacTarkbl ecenTepiiH aepOec menrMaepine ananmus jkacamn yipety. JKyMbIcTa cTyIeHTTepAiH OKBITYIIIBIMEH
©3JIiK JKYMBICHIHJAa KapacTHIPbUIFAaH JKAaTTBIFyJIap Ti3iMi OepinreH. TankpulaHFaH >KaTTBIFyJap Ti3IMiHIH
mIenriMi MeH aHanu3i KenripiireH. KapacThIpbiIFaH TakbIpbIll OOMBIHIIA CTYACHTTEPHIH O3MIK KYMBICHIHA
YCHIHBUIFaH TarchlpMaiap Ti3imi yceiHbUFaH. COHIAl-aK, CTYACHTTEPiH TaIlChpMaiIapIsl OPbIHAAYIaphI
OOMBIHIIA KOPBITHIHIBI JKacallFaH. O3MiK KYMBICTapa CTYAEHTTIH OJICEHMAUTIK TaHBITYbl OUTIM alyIlbl
OOlbIHAA FBUIBIMH-3EPTTEY JKYMBICTAPBIH JKYPri3yre JAereH KbI3bIFYIIBUIBIFBIH apTThIpaabl. FhuibiMu
3epTTeyJep/ie eCeNTiH MIemiMiHe aHaIN3 XKYPri3y MeH OoJamakka 0oJbKaM Kacail ary KOFapbl OaFaaHaThIH
KaOiner ekeHpiri Oenrini. bimiM amymsliapapH ©3/iK )KYMBICEIH OpBIH/IAY OapbhICHIHAA anFaH OlmiMaepi MeH
TOKiprbenepi onapAbH KociOn MamMaH OOJIBIN KAJBINITACYbIHA aUTAPIIBIKTAN 9cep eTel el CeHeMis.

Tyiiin ce3nep: Huddepennmanapik TeHaeynep, OipTekTi, OIPTEKTI eMec, ©3/IK JKYMBICTap, MIEIIiMHIH
KaJITIBL, iepOec mIemtiM, 0acTarKpl €cerr, JKajlbl IMIeTiM.

M.M. Hypaxmerosa® , JI.b. Hypaxmeros!”
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Ob OPTAHU3ALIMHU CAMOCTOSITEJIBHOM PABOTbBI CTYAEHTOB 11O IIPEAMETY
«TEOPUSA ITNODOEPEHIINAJIBHBIX YPABHEHUW»

AnHomayus

OcHoBHas 1eNb JaHHOW pabOThl — HAYYHWTh CTYJCHTOB aHAJIM3UPOBATH YACTHBIC PEIICHHsS HAdaIbHBIX
3a7a4 JJ1sl OJJHOPOJIHBIX M HEOJHOPOAHBIX AU (PEpEeHINANBHBIX YPaBHEHHI ¢ TIOCTOSHHBIM KO3 GUIIHEHTOM
BTOPOTO MOPsIIKa TEOPUU OOBIKHOBEHHBIX Iu(depeHunaNbHbIX ypaBHEHHNA. PaboTa colepXuT nepeveHb
yIpaKHEHHH, paCCMATPUBAEMBIX YUAIIIIMUCS B CAMOCTOSATENBHOW paboTe ¢ npenoaasaTeneM. /lano penieHne
W aHau3 MepevHs o0CyKmaeMbIX ynpaxHeHui. [IpeicraBieH mnepeveHb 3afaHui, MpeliaraeMbix s
CaMOCTOSITEIbHOM padOThI CTYAEHTOB IO paccMaTpuBaeMoi Teme. Takxke OblI cliesiaH BBIBOJL O BBIIIOJTHEHUH
3aJaHUi CTyJeHTaMH. AKTUBHOCTb CTY/IE€HTa B CAMOCTOSTENbHBIX paboTax MOBBIIIACT HHTEPEC CTYIAEHTa K
MPOBEICHUIO HAYYHBIX HCCIeNOoBaHWU. M3BeCTHO, YTO yMEHHE aHaJM3MpOBaTh pPEUICHHE MPOOIeMbl M
MIPOTHO3UPOBATH OyAyILEee SBISAETCS BBICOKO LIEHMMbIM HABBIKOM B HAYYHBIX UCCIIEIOBaHUSAX. MBI BEPHM, YTO
3HAHUSI U OIIBIT, NOJyYEeHHBIE CTYJCHTAMH B X0/I€ CAMOCTOSATENILHON PabOThI, OKaXKyT CYLIECTBEHHOE BIMSHUE
Ha WX MPOECCUOHANBHOE Pa3BUTHE.

Karouesbie cioBa: JluddepeHnuanbapie ypaBHEHUS, OJIHOPOHBIC, HEOJHOPOHBIE, CAMOCTOSITEIbHAS
paborta, moBeIeHHS PEIICHUH, YaCTHOE PeLIeHre, HadyallbHas 3a1a4a, o0l1ee peleHue.

M.M. Nurakhmetoval, D.B. Nurakhmetov'*
1 Astana International University, Astana, Kazakhstan
ON ORGANISING INDIVIDUAL WORK OF STUDENTSON THE SUBJECT "THEORY OF
DIFFERENTIAL EQUATIONS"

Abstract
The main objective of thiswork is to teach students to analyse particular solutions of initia value problems
for homogeneous and inhomogeneous differential equations of the second order with a constant coefficient
from the theory of ordinary differential equations. The work contains a list of exercises considered by the
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students in independent work with the teacher. A solution and analysis of the list of exercises discussed is
given. A list of tasks offered for students' independent work on the topic under consideration is presented. It
was al so concluded about the performance of the students' assignments. Student's activity in independent works
increases student's interest in conducting scientific research. It is known that in scientific research, the ability
to analyze the sol ution of a problem and make predictions about the future is a highly valued skill. We believe
that the knowledge and experience gained by students through independent work will have asignificant impact
on their professional devel opment.

Keywords: Differential eguations, homogeneous, inhomogeneous, independent work, behavior of
solutions, particular solution, initial problem, general solution.

Herisri epe:kenep

Makana «auddepeHIuanIbK TeHASYIep TEOPUICHD» TOHIHEH CTYISHTTEPIIH 631K KYMBICTAPhIH
yibIMIacThIpYyFa apHayFad. KoJMIaHBUIATBIH HETI3Ti o/IiC «3epTTEyre HETi3/IeireH OKBITY» OOJIBII
TabbuIaAbl. 3epTTey OaphIChIHIA OUTIM ATYIIBIIAPABIH adFaH OUTIMICPIH XKETUIAIpe OTHIPHII, KaHA
TaKbIPBINTHI )KaH-’)KAKThl MEHI'€PY JKOJIbI YCHIHBLIAABI. By YIIIiH apHaiibl 93ipJiereH KaTThIFyJap MCH
TanceIpManap Tisimi o3ipienreH. 3eprrey HoTIkeciHme «6B01506 Marematuka» Oinim Oepy
Oarmapiamachl OOMBIHIIA OKUTBIH 3-Kypc CTYIACHTTEpl TYpakThl KOI(PPHUIHEHTTI OIpTEKTI >KoHE
OIpTeKTi eMec eKiHImI perTi AuddepeHINaNIbIK TCHISYyre KOUbUIFaH 0acTanKbl €CENTiH MICIIiMiHe
aHanu3 xacayabl yiipeneni. Conaaii-ak, 6actankpl €CenTiH MenIiMiHIH KalnbiHa AuQdepeHnanabK
TeHACYIiH KOA(PPHUIMEHTTEPI MEH CHIPTKBI KYIITIH SCEpPiHiH €pPEeKIIENiriH )KoHe MISUTIMHIH KaJITbIH
©3repTy YIIiH OacTIakThl MIApTTapFa apHaibl TaHJAy jkKacayFa OOJATHIHJBIFBIH MPAKTUKAIBIK
TypFbI1aH MeHrepei. [IpakTuka 6apbIChIHIa KOMIBIOTEPIIIK aiaredpa KyleciMeH TaHBICA/IbI.

Kipicne

Kait muddepeHManablK TEHICYIEP TEOPHICH >KapaThUIBICTAHY OaFbITBIHIAFBI  OoJamak
MaMaHJap YIIH Heri3ri moHaepaiH Oipi Oobin caHanmaabl. MYHIAFbl KapacThIPBUIATBIH CYpaKTap
OUTiM aNyMIBIHBIH OCHI TOHJI MEHTepreHre NeiiHrT MaTeMaTHKANbIK Talgay, aHaJTUTHUKAJIbIK
reOMEeTpHUsl, CBI3BIKTBIK anreOpa, (u3uka xXoHe HHPOpPMATHKA CHUSKTHl TOHJAEPIMEH ThIFbI3
Oaiinanpicta namuabl. [ToHaeri KapacThIpbUIaTIH HETI3T1 CypaKTap/ bl MEHIepy Jopic, MPaKTUKAJIbIK
cabaK, CTyJEHTTIH OKBITYIIBIMEH ©3[iK JKYMBICHI JKOHE CTYIEHTTIH JKE€KE ©3iK )KYMBICHI CHSKTHI
KYMBIC TypiiepiMeH icke acaabl. KapacThIpblIaTblH CypaKTaplblH HETi3ri Jieri OipiHII peTTi
CBI3BIKTHI KOHE CBI3BIKTHI EMeC TeHJIEYJIEp )KOHE oJlapFa KOMbIIFaH OacTamnKel €CENTIH MEenIiMiHIH 0ap
’KOHE KaJFbI3 00JTYyBI Typasbl TEOPEMa, TYPAKThI HeMece alfHbIMalIbl KO3 (GUIIMEHTT] O1pTeKTI Hemece
OIpTEKTI eMec >KOFapbl peTTi kall AudQepeHunanIplK TeHJeyJepre KOWbUIFaH OacTamKbl >KOHE
HIeKapablK ecentep, AMddepeHnnanIblk TeHaeyep Kyiect koHe OipiHII peTTi 1epOec TybIHAbLIBI
mupdepeHunanablK TeHaeyiaepmen Oeputeni [1-7]. Ocbl TycTta OLIiM  andylibUIapAblH  aliFaH
OuTiMaepiH KyHenen, KociOM TYpFbIJaH MaMaH peTiHJAE KaJbITacybl YUIIH CTYAEHTTIH 31K
KYMBICBIHBIH aTKapaTbIH peJii epekiie. ONUTKeH1 O111M alylibl I9PICTEH aJliFaH TEOPHUSIIbIK OUTIMIH,
NPAaKTUKAJBIK ca0akTaH ajFaH ToXIpHOeCi MEH OKBITYIIBIMEH OTKI3T€H ©3/iK JKYMbICHI
OapbICHIHIAFbI OKBITYIIBI KEHECIH 631K dKYMBIC PETIHJIE YCHIHBUIFaH €CENTEP/1 IENTyre KoJIJaHa ainy
JaFABICHIH KaJBINTACTBIPYbl KaxeT. ANl OyJ1 ecenTep/iH HaKThl MPaTUKaJIbIK KOJIIAHBICHIHBIH Oap
OOJYBIHBIH TaKbIPBIITHIH MaHBI3AbUIBIFBIH apTThIpabl. EKiHINT peTTi TypakTshl KO3 UIHUEHTTI
OipTexkTi emec aupdepeHInaNIbIK TeHaeyJepre KOWbUIFaH OacTamnkbl ecenTepiiH Tepoenmerni
XKyHenepai MoIeTbaey 1eT1 KOMAaHbICH OCBIFaH Oip *aKchl MbIcal [8].

BipiHmineH, >xorapbl peTTi TYpaKkThl KodpuientTi OipTekti auddepeHnunanabpK TeHaeynepre
KOMBUIFaH OacTarKbl €cernTi menty O1pTeKTi emec AupepeHunaniblK TeHIeyre KOWbUIFaH OacTankbl
ecenTi miemyre KoimaHbutaabl. COHABIKTAH aiabIMeH OipTekTi AauddepeHInanablK TeHIeyre
KOWBUIFaH OacTamnKbl €CeMNTl MIBIFapblll YHPEHY MaHbI3Ibl 00ibIn TaObuiaasl [2-7]. XKorapbl perTi
muddepeHIMANIBIK TEHJIEY eKiHIII peTTi OosiFaHza, cepinmere iIiHIeH KocapiaHFaH MacCaHbIH
TepOenicid cunarrai sl [2-4]. CoHAbIKTaH eKiHII peTTi AuddepeHIHaNIbIK TeHIeyaepre KONblUIFaH
OacTankpl ecenrtepi KapacThlpy TEOPHSUIBIK >KOHE MPAKTHKAIBIK TYPFBIIAH Ja MaHBI3/Abl OOJIBII
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taObimanpl. [IpakTukanelk cabakrapia KEHIHEH KojaaHbulaTeiH [9, B. 74-79 ] KYKBICTaFbI
€CenTepaiH KOMIIUIiri OacTamkbl €CeNnTiH MenIiMiH TaOyMeH JKoHe OCKITUIreH OacTarKsl
mapTTapbiMeH AudGepeHIHATABIK TCHISYIIH K03()PUIMeHTTepiHEe eCeNTiH MICIIiMiHIH KaJIIbIHbIH
e3repyiHe KaThICThI KaH 1al ja Oip mapt Ta0dyra OaimaHbICThl YebiHbUTFaH. COHali-aK, 0acka FhIIbIM
caJlachIMEH OalTaHBICTHI MTOHAPAJIBIK €CeNTep KeHIHeH KaMThUTFaH. [4] )kymbIcTa OacTarnkpl eCenTiy
HIENIMIiH Tayblll KaHa KOWMai, oFaH opTYpJl Tanjaay »kacay YChIHbUIFaH. «byHmail ecentep Oinim
QIYIIBIHBIH AHAJMTUKAIBIK KaOIJETIH JaMBITHIN, OTKEH TaKBIPBINTHI TEPEHIPEK MEHIrepyiHe
MYMKIHIIK Oepesl jKoHe 3epTTeYIITiK KaOUIeTiH oATyra TYpPTKi Oonanbl» Aen 6ipinwi Oonxcam
xacaiimbl3. OcbIFaH OalJIaHBICTBI OKBITYIIBIMEH CTYACHTTIH ©3/IK JKYMBICBIH YHBIMIACTHIPY
Oapeichinaa  «Jluckyccus» Oemimae OipHEIIE KATThIFy >KaH-)KAKThl TaJKbUIAHBIN, TOJIBIKTAN
mbiFapblIAel. COHBIMEH KaTap OLTiM alTymiblIapFa ©37iK dKYMBICH PETIHJIe YCHIHBUIFAH €CenTepliH
IIBIFAPBUTY YATICI YCHIHBUIAABI. BiMiM amylmbutapablH ©37iK KYMBICBIH OpBIHIAybl OOWMBIHIIA
YKYMBICTApbIHA TAJIKbLIAY KETIpIEIl.

Exinmminen, TypakTel KodQQHUIUEHTTI OHPTEKTI JkoHE OIpTeKTi emMec eKiHON perTi
muddepeHIManAbIK TEeHIeYre KOWBbUIFaH OacTankbl ecenTepiiH UICHIIMIHIH KaJlblH 3epTTey
OapCBIHBIIA CTYICHTTEPre OPTYPIl aKMapaTThIK KOHE KOMMYHUKAIUSBIK TexHonormsiapra (AKT)
HETi3JUIeTeH 9MiCTep TAHBICTBIPBUIBIN, 3€PTTEYre OJapJbl KOJNAAHY YCBIHbUIFaH. OKBITYIIBIHBIH
CTYZIGHTTEpPMEH ©3[iIK JKYMBICBIH/AA IIemiMaepal Taimjayra Maple KOMIBIOTEpIiK —MakeTi
konnanbuiaznsl [10]. Anaiina Gacka na koMmbTepiik anredpa xyienepin Hemece AKT konmanyra
IIEKTEY KOK €KEH/IIr1 cTyneHTTepre eckepriuin, Maple calculator, GeoGebra, wolfram alpha Hemece
desmos rpadukanbK KalbKYISITOPBIH KOJJaHyFa YCbIHBIC Oepingi. Ocbl OarbITTa «CTYIEHTTEP
OacTamkpl ecenTepliH MICHIMIEPiHiH KalamblH TonbIKTail 3eprrey ymiH AKT-ra Herizgenren
o/licTepil JKETIK MEHTepyJiepl KaXKeT» IeTeH eKiHuL 001x4cam KacaMbl3.

3eprTey dicHaMachl

3eprrey 2024-2025 oKy >KbUIBIHBIH |-ceMecTpiHie AcTaHa XallbIKapalblK YHUBEPCUTETIHET1
MearoruKaIbIK MHCTUTYTHIHBIH «6B01506 MatemaTtuka» Outim Oepy Oarmapiamachl OOWBIHIIIA
OKHUTBIH 3-KypcThIH 40 CTyAEHTIHE XKYprizuiai. 3epTTey «3epTTeyre HEeri3fieJreH OKbITY» OJiCiHe
Heriznenred. byn omicTiH nuddepeHnnanabK TEeHIeyJIep TEOPUICHIH OKBITYAaFbl KOJIIAHBICHI
TypaJibl XaJbIKapanblK OachUIBIMIApAaFbl 3epTTeysiepre TOJBIKTal ModyAbl OKbIpMaH [11]
JKYMBICTaH OKBIIl TaHbICca ajajbl. 3epTTey OapbIChIHIA TYPAaKThl KO3(PQPHUIIMEHTTI OIPTEKTI KIHE
O1pTeKTi emec eKiHIIl peTTi AuddepeHnnanablK TeHaeyre KOHbIIFaH 0acTanKpl €CeNTiH MEIiMiHIH
KAJIIBIH 3€pTTEy TAKbIPhIObIHA apHAIFaH ©3/1K JKYMBICBIHBIH KeHOIp ©3eKTi cypakTapbl OONBIHILIA
Tanjaay >kacasl.

3eprTey HITHAKETEPi

CryneHTTep[llH ©3/1K TalchblpMajapblH OpbIHAAY Mep3imi 1 anTaHbl KamThlabl. JKaurbl
cTyaeHTTep caHbl 40, an TancblpManap/bl YakbITbIHJA OpbIHAAFaH CTYACHTTEp caHbl 36 OOJbI.
Omapaeiy imiage 12 v, 24 k3. 60-65 maiibI3 apansiFblHAa Oara aiFaH cTyAeHTTep canbl 4, 70-85
naiipl3 apanbiFbiHAa Oara anraH cTyaeHTTep canbl 28, 90-95 maiibl3 apanbiFbiHIa Oara anFaH
cTyneHTTep canbl 4. bimiM amymbuiapabiH OUTIM  JEHTEHl Kelleci KpPUTEpHiyiepre KaThICThI
OaraaH/bl:

1. AnanmuTHKaIBIK MMM/l Ta0a alysl;

2. Amnanus xacail aiysl.

3. Amnanm3 xacayra jkoHe rpaduK caryra jkaHa TeXHOJIOTHSUIAP/IbI MTaii1aana arybl.

Ananu3 xacaydapbIChIHIa O1TiM amyIIbUIap ajdbIHFaH aHATUTHKAJIBIK MISITIMHIH HEeT131H/1e HeMece
’KaHa TEXHOJIOTUSJIAP/IbIH KOMETIMEH HICIIMHIH KaJIIbIH rpapUKTep 11 MaliJjalaHbIN 3€pTTEY apKbLIbI
*KeTKeH. EHJIl conapra KeHipeK TOKTalalbIK.

AHaTUTUKAIBIK MIENIiM Ta0y MEH aHaJIM3 Kacay apachIHIarbl KOPPETSIUSIIBIK KOod(PPHUIIueHT
0,83-11 kepcerTi. SIrHu, Oyi1 KpuTepuiliep apachblHAAFbl KOPPEIALUAHBIH JKOFapbl €KeHIH OL1ipe.
1-cyperren kepin oTbIpraHbIMbI3Aail 60-70 maiiei3 6en 90-95 maiiel3 apackiHna Oara anFaH
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CTY/ACHTTEPAIH apachlHa aHATMTHKAJIBIK LIeIIiM Ta0y MEH aHaJIHi3 jkacay mamanac, ai 75-85 naisi3
Oara ajFaHJIap/a aHAJIMTUKANIBIK IIENTiM Taby cair 6ackIMbIpak 0oJibin KeareH. bynan 6i3/iH OipiHImi
00JDKaMBIMBI3IBIH TYPBIC €KEeHIH OaifKaiiMbI3. AJbIHFaH AepOec mienimMre aHainms skacayaa 0apIibiK
OuTIM anymipIap JKaHa TEeXHOJIOTHsUIApAbl NaipananOaraH. Ajaiiia, maiiganan0aca 1a, »KakChl
aHaJM3 ’xKacail OiIreH ctyaeHtTrep e 6ap. XKorapsl Oara aFaH CTyISHTTEPAIH OachbIM KOIIIUIIT )kKaHa
TEXHOJIOTHSUTApAbl TailalaHa OTBIPBIN, KYpJAei Tajaaay Kyprize ajraH, 2-CyperTi KapaHsi3. by
013/11H eKiHIII 0OJIKAMBIMBI3IBIH AYPHIC CKEHIH KOPCETEII.

AHaJlumuK(lﬂblK wewim ma6y MEH aHaius srcacay
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a) natioananbazanoap 2) naiidanranzandap

Cypem 2. JKana mexnonocusinsl K0JI0aHy mypansl aknapam

Juckyccus

byn Gemimai OimiM anmymibiIapMeH CTYAEHTTEPHAIH ©3I1K KYMBICHIHA YCBHIHBUIFAH €cenTepi
HIbIFapyFa JEWIHI1 OKBITYIIBIMEH >KYPri3UIr€H O31K KYMBICHIHAA KapacThIPbUIFAaH KaTTHIFyJap
Ti3IMIH KenTipyMeH OacTaifblk. binim amymbuiap TypakTsl K03 duuueHTTi 6ipTeKTi kKoHe OIpTeKTi
eMeC JKOFaphl PeTTi KapamabiM auddepeHIuanaplK TeHACYIepre KOWBIIFaH OacTamKbl €CerTi
HICHIY/IH €Ki 9Jici OOMBIHINA TONBIK Jdpic ambim, [9, B. 74-79 | ecenrep >kuHarbl OOWBIHIIA 2
CaraTThIK IPAKTUKAJIBIK )KYMBIC yKacar KeJli. MeHrepreH ofiicTepi: aHbIKTalIMaraH KO3 uueHTTep
MEH TYpaKThIHbl Bapuanusiay. OcblFaH JAEHIHT1 JaFbUIapblH SKETUIAIPY MakcaThlHAA Keleci
KATTBIFYJAp Ti31M1 YCHIHBUIBIIN, TAIKbIJIAH/IbI.
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l-orcammuizy. 0 <t < 10 apanbiFbiHaa

y'+y —6y=0 1)
TEH/Ieyl MEH Kelleci 0acTankspl mapTTapsl

y(0) =5,y'(0) =0 )

KaHaraTtTaHbIpathid Komm ecebiniH nepOec memiMid TaObiHb3. CoHMaM-aK, MIENTiMHIH KaJITbIH
3epTTEHI3.
Hlewyi. Annbiven (1)-TeHaeyre KaTbICThI CUIITTAMAJIBIK TEHICY1H JKa3albIK:

A +A—-6=0. 3

(3)-cumarramansik TeHaeyaiH TyoOipiepi A; = —3,4, = 2. Coaiikecinme, (1)-TeHaeymiH Kabl
HIeIIiMi

y(t) = cie 3t + ce?t, (4)

(4)-xanmel wemimae (2)-0actankel mapTTapabl eckepcek, (1)-Tenaeyre KoubuFaH (2)-OacTarkb
maprrneH Komm ecebiniH nepbec menrimi keneci Typre ue 6os1aapl

y(t) = 2e 3t + 3e?t. (5)

Enpni memiMHiH KanmbiH 3epTTey yiiH (5)-gpopMynaMeH aHbIKTaFaH gepOec menriMHiH rpaduria
canaibik, 3-cypeTTi KapaHbi3. AngbiMen 0 < t < 10 apanbirbiaga y(t) nepoec menrMHiH KaarbH
KapacThIpCaK, OH/Ia YaKbIT OTKCH CaiiblH OipiHIII KOCBUIFBIIITHIH HOJTE YMTHUIATHIHBIH OalKalMBbI3.
Enpeme Oy gepOec ImemiiM MEH OHBIH JKYBIKTaybl OOJBIN KeJeTiH Y, (t) = 3e?! Tek exiHimi
KOCBUIFBILITAH TYPAThIH O6IIiri Kail yakeITTan 6acramn 0ip-0ipiHe KyBIK OOJaTHIHBIH 3ePTTEHIK.

a) 0<t<.1 2) 0,8<t<.1,2
Cypem 3. (5)-0epbec wewimniny Kannoi

Jep6ec tremrim y(t) meH Y, (t) xybIk memriMain rpadurin 0 < t < 1 apansiFbIH/IA CANAbIK, | a)
CypeTTi KapaHsI3. bys cyperTen GalikalThIHBIMBI3, 1epOec meniM MeH KybIK memrim 0 < t < 0,8
apasbIFpIHAA Oip-OipiHEeH ajIraK OpHalacKaH, COHBIMEH KaTap HONIIH MaHaibiHaa OacTamKsl
IIAPTTHIH XKYBIK IIEIIIM YIIH OpbIHIaIMail TYPFaHbIH KopeMi3. Anaiiia yaKbIT OTKEH CallbIH, KYbIK
IIeNIiM MeH AepOec MenriMHIH Kalmbl 0ipaei 0osa TyceTiHiH 1, 9) cyperTeH kepemis. O AereHiMi3
1,2< t < 10 yakpIT apanblfblHIa AepOec MIENIIMHIH OpHBIHA KYBIK IICHIIMII alyFa OONaThIHBIH
Kepcereni. AN KybIK IIemiM 0i3re Keibip ecem-KucamnTapabl >KYpri3yre bIHFaWIbIIbIFBIMEH
MaHb3Abl. COHNBIKTAH, 9pOip OacTamkpl €CenTi MIBIFaphII, aAepOoec TaOymMeH Karap Oi3fep OHBIH
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KaJIMbIH J1a KaTap 3epTTei Oinyimi3 kepek. byHnail tannaynap keiOip ke3ze NpakTHKAIBIK TYPFbIIaH
YaKbIT YHEMJICYT'€ MYMKIHJIIK O€peTiHIMEH KYH/IbI OOJIBIT CaHAJIA IbI.
2-ocammeiey. 1 < t < 3 apanbIiFbiHAA

y"'+5y"+4y =0 (6)
TEHJIeyl MEH KeJiecl OacTanKpl IapTTapabl
yO)=1y'(1)=1 (7)

KaHaraTtTaHabIpateiH Komm eceOiHiH aepOec memriMiH TaObIHBI3. CoHpali-ak, IICIIIMHIH
MaKCHUMYM MOHIH €CETeHi3.
Hlewyi. Annpimen (6)-TeHaeyre

M+A—-6=0. (8)

(8)-cunarramabik TeHACYAIH TYOipiepi 1, = —4, 1, = —1. Coiikeciniue, (6)-TeHaACyIiH Kb
mIemnimi

y(t) = cie™t + e 9

(9)-xanmer memimzae (7)-6actankpl mapTTapabl eCKepeek, (6)-TeHaeyre Koibuiran (7)-0acTamkpl
maptreH Komm ecebinin aepoec memiMi Keneci Typre ue 601a sl

2 _ate1) 4 5 -t
y(®) = —Ze7* 7D + 277, (10)

Komm ecebinin (10)-mepbec menrimi Oactankpiga apTaasl, ceb6edi OHBIH OacTankbl Keudeyi OH
ekeHiH (7)-0acTamnkpl MIAPTTHIH eKiHITCiHEH KopeMi3, srau ' (1) = 1. Anaiina yakpIT 6CKeH CallblH
OHBIH HOJIe YMTBUIATHIHBIH OaiikaiimbI3, ceb6ebi mepOec mIemiMHIH €Ki KOCBUIFBINIBI Ja Tepic
SKCIOHeHIMaNAbl (yHKIusiap 6omasim Typ. CoHAbIKTaH nepOec IIeHIiMHIH MakCHUMyM HYKTeci
00JIybl KEpEK XKoHe 2-CypeTTeri AepOec meliMHIH rpaduri MyHbI pacTaiibl.

Cypem 4. (10)-0epbec wewimniy Kannoi

4-cyperte konbeyaiH rpadurid camy ymiH 0i3 Oepinren Komu ecebinaeri 0acTamksl mapTTapibl
naiagaHaMbI3, MYHIa KOJIOCY/IIH TeHEY1

yKen6ey(t) = y’(l)(t - 1) + y(l)

dbopmynaceiHa coiikec. Enernie nepbec menrimre coikec keiaodey

yKeﬂGey(t) =t
(hopmynackIMEH aHBIKTAIA IbI.
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MaxkcuMyM HYKTEHIH KOOpAMHATalapblH 2-cyperTeri rpadukreH Oaramayra Oonaabl, Oipak
oJIapAbl JAIpeK Taly YIIiH MIenIiMIe KeIICHEeH jkaHaMma Ty3Y JKYPTri3ijieTiH HyKTeHi i3nerimis. (10)-
nepOec menrim i t-Fa KaTeICThl AuQepeHinaniay apKbuibl , 013 MbIHAHBI aJTAMbI3:

1(f) = 8a—4(t-1) _ 5 o—(t-1)
y'(t) Se Se .

t—1

MOHIH

) ) a(p 5
y' MOHIH HeIre TEH €Til, e e 3-1) ==

keOelTcek, t,, KPHU3UCTIK MOHI
KaHaFaTTaHILIPATBIHBIH KOPEMIi3; TEMEK

tm = 1l > + 1= 1,157
m — 3 n8 ~ 4L
CoiikeciHiue y,, MaKCUMyM MoHI
VYm = 28_4“7"_1) - ge—(tm—l) ~ 1,069

ConbiMeH, 6epinren Komm ecebiniH nepOec menrimMinig MakcumMyM MoHi 1,069-Fa TeH eKeHiH
TaNTHIK.
3-orcammuiey. 0 < t < 60 apanbsIFpiHIA

y"" + a’y = bsin wx (11)
TeH/ieyi MeH KeJleci 6acTarKh! MapTTapIbl

y(0) =0,y'(0) =0 (12)

KaHaraTTaHbIpaThiH Ko ecebiHin w # a OosFaHaa j)koHe w = a OoJsiraHaa Jepoec MmenriMiH
TaybII, @ MEH b-HBIH OPTYPJIi MOHIEPIH/ETI TPAPUKTEPiH CATBIHBI3.

Hlewyi. Anneimen (11)-tenmeynin memrimMi OepinreH auddepeHIHanablK TEeHIEYre Conkec
O1pTEeKTI TEHACYA1H

y"+a’y=0 (13)

xanmpl menrimi MeH Oiprekti emec (11)-renaeynin 6ip nepOec mIeNIiMiHIH KOCHIHABICBIMHAH
TypaThIHbIH eckepeMis. Ennemnie (13)-1m1i TeHaey1iH cunaTTaMannbiK TeHLY1

A2 +a%=0. (14)

(14)-cunmatramanslk TeHACYAIH TyOipiepi A; = —ai, A, = ai. Coiikecinme, (13)-TeHueyain
SKaJIbl HIeimi
yo(t) = ¢ cosat+ ¢, sinat. (15)

Enni (11)-renneyain 6ip nep6ec memiMin Taby KaxkeT. by skepe exi skarnai 1l KapacTbIpaMbl3.
1-orcazoaii. AnnpiMeH @ # a karmaiapl Kapacteipaiiblk. On kesne (11)-tenumeynin Oip mepOec

HIenrimi
y.(t) = Acos wt+ Bsinwt. (16)

(16)-bynkiusaet (11)-tenaeyre Koitbin, A = 0,B = tabampi3 [2]. ColikeciHie,

a2—w?

b
Y1(t) = mSln wt.

(11)-renmeyiHiH KaJbl MICITIMI
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. b .
y(t) = yo(t) + y1(t) = ¢; cosat + ¢, sinat + Sz sinot, a7
(17)-xkanmel wmrenrimaeri Oenriciz ¢; xoHe ¢, Kod(pduuuentrepin tady ymin (12)-6acrankbl
maptrapael nainanaamei. Conma (11), (12)-6acrankel ecenTiH nepbOec menrimi Keieci Typre ue
OoJtaabl

bw sin at b sin wt

y(t) = — o

(18)

aZ—w2

il |

Cypem 5. (18)-0epbec wewimniy xamot, a = 2,b =1, w = 1.8

Enni (18)-nepbec memimMai apTypai a, b xoHe w MOHIEpi YIIiH 3epTreyre 0osaapl. ARTAIBIK |,
a=2,b=1w =18 6onceiH. byn ke3xe nepbec memimMHIH rpaduri S-cyperre KOpCeTireH.
bipTekTi emec TeHAeyliH OH >KarbIHAArbl (DYHKIMS MEXaHMKAJbIK >KyHeraepAe ChIPTKbI KYIITI
cunattaiiel. Erep on Henre TeH 0o0jca, OHJa MEXaHUKAJBIK JKyHere enrkanaai ChIpTKbl KYII dcep
eTnereHin Ouaipeni. byn ke3zne oHbl epkiH TepOemic Jen aTaibl, ajd OHBIH MEHIIIKTI JAOHIeJeK
KHUUII a-ra TeH 0osazabl. Al erep ChIPTKbI KYIITIH KUUIIT w-Fa MEHUTIHIIE )KaKbIHAANTBIH 0oJIca,
oHJIa epOec MIeNIMHIH aMIUTMTYAACHI J1a MEH1TIHIIIE ©CETIHIH KOpeMis.

2-oicazoau. Enpi w = a xxarmaiinsl kapacteipaidbik. O ke3ze (11)-tenneyain Oip aepoec menrimi

y1(t) = t(Acosat + Bsinat). (29
(19)-bynkiusae (11)-Tenaeyre Koibimn, A = — %, B = 0 Tabamsi3 [2]. ColikeciHie,
@) = bt .
y1(t) = —5—cosat.
(11)-renmeyiHiH kKaJIbI MICTTIMI
y(t) = yo(t) + y;(t) = ¢y cosat + ¢, sinat — 12)—: cos at. (20)

(20)-xanmel memrimaeri Oenriciz ¢ koHe ¢, KoddduuueHTTepin Tady yuriH (12)-0acTamkel
maptrapasl naiinananmeiz. Conaa (11), (12)-6acranksl ecenTiH nepOec mIenimi Keieci Typre ue
Oonazsl
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b sin at bt cosat

y(t) = ~ . (21)

2a2 2a

(21)-mepOec miemiMaeri eKiHIN KOCBUIFBIII TepOelic aMIUIMTYAAChl MIEKCi3 ©CETIHIH KOpceTei.
ByHbI FBUIBIMIA pe30HaHC KYObUIBICHI aeiai. by ke3zne xyiieHiH TepOeric KUiNiri ChIPpTTaH acep
€TETIH KYIITIH )KUUTIriMEeH Oip7ieii OOJIBIN Kayia Ibl.

|1|||'|||||H
LA

”|.||I||||| ||
all l" |' |J| ||

l

Cypem 6. (21)-0epbec wewimniy kamv, a = @ = 1.8, b =1

Engi (21)-nepbec memiMal oapTypiai a, b xoHe w MOHAEP] YUIiH 3epTTeyre 6oaaabl. AWTalbIK ,
b=1, a= w = 1.806o0nceH. byn xe3ne (11), (12) Komm ecebinin menrimMi yakpIT 6TKEH CaibIH
IIEKCi3 OCETiIHIH 6-CypeTTeH Kepyre 0omaabl.

TemeHie cTyIeHTTepIiH 631K )KYMBIChIHA YChIHBUIFAH ecenTep Ti3iMiH Kentipemis [4]:

1.4y" —-8y"+3y=0,0<x<2,y(0)=2,y'(0) = §6aCTaHKH eceOin mrernr. [0; 2]

apaJIbIFBIHIA €CeNTIH MICIIIMIHIH €H YJIKSH MOHIH TaObIHBI3.
2. 2.1.-2.3. ecentepae Oepinren Ko ecentepinin memimaepid TabbHbI3. I'padukTepin chi3bim,
t yakbIT ©TKEH caiblH Y (t) menriMiHiH KaIblH CUITaTTaHbI3.

21 y"+y' =2y =0,y(0)=1,y'(0) =1
22.y" +4y" +3y=0,y(0) =2,y'(0) = -1
23.y"+8y' =9y =0,y(1) =1,y'(1) =0

3. bepinren y"' —y =10, y(0) = Z, y'(0) = —% Oactankel ecebin mremmiHiz. 0 <t <2
apaJbIFbIH/A MICHIIMIH CBI3BIN, OHBIH MUHUMYM MOHIH TaOBIHBI3.

4. y" —y' =2y =0, y(0) = a, y'(0) = 2 Gacranksl ecebiH MmIENIiHi3. t — 00-Ja MIEIIIM HOJIre
YMTBUIATBIHAAN - HBI TAOBIHBI3.

5. TepOenmeni yiieHi CUIIAaTTaTBIH KeJeci OacTanKpl €CenTi KapacThIPhIHBI3:

51.u" +u' = 3coswt,u(0) =0,u'(0) =0

52.u" +u' =3coswt,u(0) =1,u'(0) =1

a) w #* 1 yuiH memimMl TaObIHbI3.

0)w =07, w=08; w=0,9; 60omranga u(t) memiMid CHI3bIHbI3.

CryneHTTep ©3/iK *KYMBICBIH OpbIH/Ay OapbIChIHIA aHATUTHKAIBIK MISHIiMII TaOyasl YHpeHin
KaHa KOWMal, OFaH aHajau3 kacay/bl MeHrepAl. byi cTyneHTTepaiH MaTeMaTHKalIbIK OLTiMIH
KETUIAipy OOWBIHIIA MaKcaThlHA KETKEHAITIMEH KYHIbl. AHanmu3 OapbIChIHIA aHATHTHKAIIBIK
menrimre  AKT-HBIH opyTypili omicTepiH KoJjiaHa Oimyl OUTIM allylIbLIapAbIH TEXHOJIOTHSHBI
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KOJIJaHa ajxy Ky31peTTUlri MeH camajbl aHaJIW3 XKYPTi3y AAFAbICHIH apTTHIPAbL. 1-3-I11 TONTaFrbl
€cenTepMEeH KAKChl IIYFBUIJAHFAH CTYACHTKE 4-€CenTi IIbIFapy aca KUBIHIBIK TYFbI30araHbIH
OalikagbplK. bysl ecenTiH MaHBI3ABUIBIFBI OUTIM amylibiFa OacTanmkbl MIApTTapAbl ©3repTy apKbUIbI
OacTamkbl €CeNTiH NICHIMiHIH KalIblH OacKapTynbl yipery Oomapl. byn HoTwkenep KeuiHri
KBULIAPBI XKYPTi3UIreH 3epTTey XKYMBICTapbIMeH yiteceni [11]-[13].

KopsIThIHABI

Kymeicta «6B01506 Maremaruka» OutiM Oepy Oarmapiamackl OOWBIHIIIA OKUTHIH 3-Kypc
CTY/ICHTTEpiHE YCHIHBUIFAH TYPAKThl KOX(PQPHUIMEHTTI OipTeKTi koHe OIPTEeKTI eMec eKiHII PeTTi
mudpepeHIMANIBIK  TEHJACYTe KOWBUIFaH OacTamKbl €CeMNTiH MICIIIMIHIH KaIIblH 3epTTey
TaKbIPHIObIHA apHAIFAH ©3JIK XYMBICBIH YUBIMIACTBIPY JKOJIBI YCHIHBUIFAH. O3JIK KYMBICHIHBIH
aNJIBIH/IA CTYACHTTEPAIH OKBITYIIBIMEH O3/IK JKYMBICBIH/IA KApaCThIPAThIH XKATTHIFyJIap Ti3iMi MeH
TaJKbUIAYbl KEATIPIITEH.

Conpaii-ak, eKiHI peTTi TypakThl Ko3gdunnueHTTi qudPepeHInanapK TeHaeyIepre KONblUIFaH
OacTankpl ecenTiH TepOenMeni XKyWeHI MOAEbAey/Ie KOJIIAaHBUIATHIH JKOJIBI MEH aHaU3 jKacaysbl
KaH-)KaKTbl KapacTelpbUIFaH. CTyICHTTEPIH OCHIHIAN ©3/iK KYMBICTAPBIMEH IIYFBUIIAHYBI
OoJamakTa oJIapIbIH FUTBIMH-3EPTTEY KYMBICTAPBIMECH alfHAIBICYbIHA HET13 OOJIYHI J1a MYMKIH.

AJnFbIC

3epTTey HOTHXKEJIEpiH Taiujay OapbIChIHAA MaiAaibl MIKIpJIep aWThIN, KYHIbI KEHECTEepiMeH
Oemickeni ymriH nmpodeccop xymadae Cepuk AceToBUYKE aBTOPJIAP ATFBIC aliTabl. EKiHIIN aBTOp
Maplesoft komnanusceina Maple-2024 KOMIBIOTEPIIIK MMAKETIMEH KaMTaMachl3 €TKeH1 YIIIiH aJIFbIC
ouaipeni.

KapaxblibIK Kos1ay. 3epTTey ®KYMBICHI eI0ip Kap>KbUIbIK KOJIJAyIbIH KOMET1HC13 OPBIHIAMIBI.
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O PA3BUTHUH JIOTUYECKOI'O MBIIVIEHUAA BY AYIIIUX YYUTEJEN
MATEMATHUKH B ITPOHECCE PEHIEHUA TEOMETPUYECKHUX 3AJIAY

Annomayus

OOy4eHre TeoMeTpUH CTAKWBAaeTCS C TAaKUMH IMPOOIIeMaMH, KaK HEAOCTAaTOK KBATH(UITUPOBAHHBIX
YUHTENeH, OTCYTCTBHE COBPEMEHHBIX METOAMK M MATEPHAJIOB JIJIsl O0yUeHHs reoMeTpHH. [ pemeHus 3Tux
npobjeM HEOOXOJUMO YIIyUYIIWTh MOJATOTOBKY YUMTENeH MaTeMaTHKH €lle B CTEeHax IeABy3a. B maHHOI
cTaThe 0OCYKIEHBI OCHOBHBIE HABBIKM PEIICHHUS TEOMETPUIECKIX 33]a4, KOTOPBIE UTPAIOT BAXXHYIO POIb HE
TOJIBKO B OOy4YeHHH MaTeMaTHKe, HO M B OOIIEeM pa3BUTHU. MBI XOTUM MPHBIIEYh BHUMAHHE K TOMY, KaK
MpaBUIbHOE OOPMIICHHE PEIICHUH U OKA3aTeBCTB 3124 10 TEOMETPUH MOKET IOMOYb YUaIIUMCS Pa3BUTh
AQHAJIMTUYECKOE, JIOTHIECKOE M KPUTHYECKOE MBIIIICHHE. 31eCh TpeOyeTcsl TOUHOCTb, TIOC/IEA0BATEIbHOCTD 1
SICHOCTh B BBIPQKEHUHU MBICIEH. B xome uccnemoBanus ObUIM MPHUBIEYECHBI CTYACHTHI — OYAYIIHE YIUTENS
MaTeMaTHKH, K PENICHUsSM T€OMETPHUECKUX 3a]ad KOTOPHIX OBUIM MPEABSBICHBI CTPOTHE TPeOOBaHUS IO
opopmienuto. B uTOre CTYAeHTH HAayYWJIMCh KOPPEKTHO OGOPMISATH pEHICHUS W JOKa3aTelbCTBa
TEOMETPHYECKUX 3af[ad, YTO TOCIYXHIIO XOPOIINM MOJCIOPREM [UISl PAa3BUTHS WX yMEHHU B Oymymiei
po(ecCHOHATBHON AESITeIHPHOCTH, HABBIKOB aHAIIN3a, JOTHUECKOTO M KPUTHYECKOTO MBIIIICHHS, a TAKKe
Pa3BUTHIO KOMMYHHKATUBHBIX YMEHHI U CIIOCOOHOCTEH KOMaHHOM PabOTHI.

KioueBble cioBa: pa3BUTHE JIOTMYECKOTO MBIIUICHHS, O0yYCHHE PEHICHUIO T€OMETPUYECKUX 3ajad,
JT0Ka3aTeIbCTBO TEOMETPUIECKHUX 3a7ad.

.M. Hyp6aepal, )K.M. Hypmyxamenosal, 5.M. Kocanos?!, JI.Y. XKanpaesa®
LAGaii ateiagars! Kazax YITTHIK TI€JIarOTUKAJIBIK YHUBEPCUTET1, AnMaTth K., Kazakctan
TFEOMETPUAJIBIK ECENTEP/AI HIEITY TPOLHECIHJAE BOJAIIAK MATEMATHUKA
MYFAJIMJIEPIHIH JIOTUKAJIBIK OMJIAYBIH JIAMBITY

Anoamna

l'eomeTpusiHBl OKBITYJa KOCIOM MYyFaliMIEp/iH JKETICIEYUIiliri, TeOMETPUSHBI OKBITYIIBIH 3aMaHayH
o/licTepi MEH MaTepUalJapbIHBIH O0JIMaybl CHIHABI Mocenenep Kesaeceai. Ocbl Macenenepi menry Y
MaTeMaTHKa MYFaliMEpiHiH MalbHIBIFBIH Temarorukanblk JKOO-mapblHbIH KaOBIPFACHIHIA JKETUIIIPY
KakeT. By mMakanmajga MaTeMaTWKaHbl OKBITyJa FaHa €MeC, JKaJIbl Jamyjia Jia MaHbI3bl POJl aTKapaThiH
TFCOMETPHUSJIBIK E€CENTepAl INCNIYiH HEri3ri Jarapuiapbl TajKblUIaHaJbl. bi3 TeoMeTpus ecenTepiHiH
HIenrMIepi MeH JQNENIEPiH TYPHIC Kobanay CTyIeHTTEpre aHATUTUKAIBIK, TOTHKAJIBIK )KOHE ChIHU OMIIay bl
JaMBITyFa Kaiaii KOMEKTECEeTiHIHe Ha3zap ayJaprbIMbI3 Kenedi. MyHIa OBl KeTKi3yre AOIAIK, TOHEKTLTIK
XKOHE aWKBIH/UIBIK KakeT. 3eprrey OapbichiHAa Oonamiak MareMaThka MyFamiMJepi-CTyJeHTTep
KaTBICTBIPBUIIBI, OJIapbIH T€OMETPHSIIBIK €CENTEePIH ISyl pacimMey OOWbIHINA KaTaH TajJanTap KOUbUIIBL.
HoTtmxecinae CcTyAaeHTTEp TeOMETPHSUIBIK E€CENTepAiH WIeHIMIepi MEH AQNeNJepiH IyphIC pacimueyai
yipeHai, OyJ1 ofap/siH Ooalnak Kaciou KbI3MeTi MEH Taliay JaFdblIapbiH, JJOTUKAJIBIK KOHE ChIHH OMJIayIbl
NaMBITyFa, COHJai-aK KOMMYHHMKATHBTI JafibUIapbl MEH TOIIEH >XYMBIC Kacay KaOlJIeTTepiH JaMbITyFa
’KaKChI KOMEK OOJIIbI.

Tyiiin ce3mep: JIOTUKABIK OWJIAYbI JAMBITY, TEOMETPUSIIBIK €CeNTep My i OKBITY, T€OMETPHSIIBIK
eCenTep Il JIETACY.
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D.M. Nurbayevat, J.M. Nurmukhamedoval, B.M. Kosanov!, L.U. Zhadraeva'
Abal Kazakh National Pedagogical University, Almaty, Kazakhstan
ON THE DEVELOPMENT OF LOGICAL THINKING OF FUTURE MATHEMATICS
TEACHERSIN SOLVING GEOMETRIC TASKS

Abstract

Teaching geometry faces such problems as a lack of qualified teachers, the lack of modern methods and
materials for teaching geometry. To solve these problems, it is necessary to improve the training of
mathematics teachers even within the wall s of the pedagogical university. Thisarticle discussesthe basic skills
of solving geometric tasks, which play an important role not only in teaching mathematics, but also in genera
development. We want to draw attention to how the correct design of solutions and proofs of geometry tasks
can help students develop analytical, logical and critical thinking. It requires precision, consistency and clarity
in the expression of thoughts. In the course of the study, students were involved — future teachers of
mathematics, to the solutions of geometric tasks of which strict design requirementswereimposed. Asaresult,
students learned how to correctly formalize solutions and proofs of geometric tasks, which served as a good
help for the development of their skills in future professional activities, skills of analysis, logical and critical
thinking, as well as the devel opment of communication skills and teamwork abilities.

Keywords: development of logical thinking, learning to solve geometric problems, proof of geometric
problems.

OcHOBHBIE MOJIOKEHU A

AKTYaJIbHOCTh T€MBbl CTaThb OOOCHOBaHA COBPEMEHHBIM COCTOSIHHEM OOYYEHHS T€OMETpPHH B
obmieoOpazoBarenbHBIX MKOIax Kazaxcrana, a *MEHHO HEOCTATOYHOW METOUICCKOM TTOITOTOBKH
yuutenei. Llenbro u 3aauaMu nccieIoBaHus SBISIOTCS pa3paboTaTh peKOMEHAAINH 110 00yUEHUIO
pelIeHus U J0Ka3aTeIbCTBA TeOMETPUUECKUX 3a1a4u. MeToauka, rpejjiaraeMas B CTaTbe, OCHOBaHA
Ha HEOOXOJMMOCTH NPABUILHOTO O(DOPMIICHHS PEIICHUH M JIOKA3aTeJbCTB 3a7ad MO T€OMETPHH.
OCHOBHBIMHU BBIBOJIAMH SIBIISIIOTCSI HEOOXOAMMOCTh YIIYUIICHHS KBaJH(HUKAIMU TPETNoaBaTeNeH,
pa3paboTKH COBPEMEHHBIX METOJAMYECKUX MOCOOMH M YBEIUYEHHUS MPAKTUYECKUX 3aHITUU IS
Bq)(i)eKTI/IBHOFO OCBOCHUA MaTCpI/IaJ'Ia CTYIIGHTEIMI/I. TanKe nozlqepKHyTa BAXXHOCTBh AaKIICHTA Ha
oopMIIEHHH pEeUIeHH U JI0Ka3aTeIbCTB TF€OMETPHUYECKHX 3aJad, YTO CIIOCOOCTBYET pPa3BUTHIO
JIOTUYECCKOI'O U KpI/ITI/ILIGCKOFO MBIIJICHUA 06yqa}0u11/1xcs{.

BBenenue

CoBpeMeHHOE cOCTOsIHME OOYy4YeHMs Kypcy T'€OMETpUH B 00IIe00pa3oBaTeIbHBIX IIKOJAX
Kazaxcrana nmeet cBon ocobenHoctu. Ceiiyac BBeZIeHa HOBas porpaMma JUIst HadaubHOM, CpeaHen
U CTaplIed LIKOJIBI, IJ1e TEOMEeTpUs 3aHUMaeT BakHOe MecTo. OHa BKIIOYaeT B ce0sl KaKk OCHOBHbBIE
TE€OMETPUUECKUE TIOHATHS W TEOPEMBbI, TaK M TPOCTPAHCTBEHHOE MBIIIICHHE, pPEUICHHE
reOMETPHUECKUX 3aJad U paboTy ¢ reomerpuuyeckuMu ¢urypamu. OJHAKO €CTh HEKOTOphIE
poOJIeMBl B 00y4eHUU T€OMETPUH, C KOTOPBIMH CTAIKUBAIOTCS YUUTEISI MATEMATHKH.

Bo-mepBbIX, HEIOCTaTOYHOE KOJMYECTBO KBATU(HUIMPOBAHHBIX Y4MTENEH, CIIOCOOHBIX
3¢ GEKTUBHO NPETOIaBaTh TEOMETPHUIO. DTO CBSA3aHO C TEM, UTO IMOATOTOBKA YUUTEJICH MaTeMaTHKU
B CTpaHe UMEET CBOM MPOOIEMBI.

Bo-BTOpBIX, OTCYTCTBHE COBPEMEHHBIX METOJMK M TOCOOWH U TpenoJaBaHHUs T'€OMETPHH.
BaxxHo nmoaiep>KuBaTh yuuTelel B aKTyaJlbHOCTH METOJIOB ITPETO1aBaHusl M UCIOJIb30BAHUS HOBBIX
TEXHOJIOTUH B OOYYEHHH TE€OMETPUH, YTOOBI YYEHUKH OBLIM 3aWHTEPECOBAHBI M MOTIIM JTydIlle
ycBauBath Marepuan [1-4].

Jnist pemeHusl 3THX MPOOJieM HEOOXOAWMO YIYYIIUTh MOJITOTOBKY YYHTENEeH MaTeMaTHKH.
Y4auTensM HYXHO NPEJOCTaBIIATh BO3MOXHOCTh TNMPO(ECCHOHAIBHOTO pPa3BUTHS, MOCELICHUs
CEeMHUHAPOB W TPEHHUHTOB, T/Ie OHM CMOTYT y3HaBaTh O HOBEHIINX METOAaX OOyYSHHS T€OMETPHU H
OOMEHMBATBCS OMNBITOM C KoJuleramMH. Takke BaXHO pa3pabaThlBaTh M paclpoCTPaHATh
COBPEMEHHBIE METOIMYECKHE TOCOOUS M MaTePUAIbI IS O0yUEHHSI TEOMETPHUH.

118




Abaii amvinoaser Kaz¥I1Y-uiny XABAPIIIBICHI, « Duszuka-mamemamura sviiimoapsly cepusicol, Ned(88), 2024

B nenom, coBpeMeHHOe OO0y4deHHE T€OMETpHH B 00IIe00pazoBaTenbHBIX mIKosiax Kaszaxcrana
TpeOyeT BHMMaHus M yaydiieHus. CrtpaHe HEOOXOAMMBI XOpOLIO MOATOTOBJIEHHBIE YYMTEINs,
COBPEMEHHBIE METOIMKHU MPETOJaBaHUs M JOCTATOYHOE KOJIMYECTBO MPAKTUYECKHUX 3aHATUHN, YTOOBI
o0yuaeMble MOTJIH JIy4Ille OCBOUTH ITOT peaMeT [5-7].

PasBurHe 50rM4ecKOro MbIIUICHUS Yy Y4YallUXCA SABJISIETCS OJHOM M3 KIIIOYEBBIX 3aJad
COBPEMEHHOro 00pa30BaHMUs, OCOOEHHO B KOHTEKCTE MAaTeMaTH4eCKOro oOyueHHs. BaxHbiM
MHCTPYMEHTOM I JOCTHUKEHHUs 3TOW LIENIM SBIIETCSA PELICHHE I'€OMETPUYECKUX 3a1ad, KOTOpOe
CIIOCOOCTBYET HE TOJBKO NMPHOOPETCHHIO 3HAHWN B 0OJNACTH T€OMETPUH, HO U (POPMUPOBAHHIO
YMEHHMSI JIOTUYECKU U ITOCIEA0BATEIbHO U3JIaraTh CBOM MBICIHM, CTPOUTH J0KA3aTeIbCTBA U JEJIaTh
000CHOBaHHBIE BBIBOBI. O/IHAKO HA MPAKTHKE YYaIHECcs YaCcTO CTAIKUBAIOTCS C TPYIHOCTSIMH MPH
oopmieHHn pelIeHUH TeOMETPUUYECKUX 3aJad, 4YTO MPUBOJUT K CHUIKEHHIO KauyecTBa UX
JIOTUYECKON apryMEHTALIUH.

Iesibr0 JaHHOTO HCCIIEOBAHUS SIBIIIETCS pa3padoTKa U arpobanus METOANKH, HAIIPABJIEHHON Ha
pa3BUTHE JIOTHYECKOTO MBIIUICHUSI OOYyYaroIIUXCsl 4Yepe3 IMpaBHIbHOE O(opMIICHHE pPElIeHUN
reOMETPUUYECKUX 3alad. B pamkax uccienoBaHUs Mbl IpEAJIaraéM CTPYKTYpY PEIICHHH 3ajad,
KOTOpasi BKJIIOYAET JIOTMYECKHM BBICTPOCHHBIE OTalbl JOKA3aTEIbCTBA M IOCIEAOBATEIBHOE
U3JI0KEHHUE KIIHOYEBbIX yTBepkIAeHMH. Ocoboe BHUMaHUE yienseTcss (pOpMHUPOBAHUIO HaBBIKOB
YETKOCTU U JIOTMYHOCTU H3JI0KEHUS, YTO CIOCOOCTBYET UX JIydllleMy IOHUMAHHUIO U OCBOEHHIO
MaTepuaa.

OdopmiieHne penieHui U J0Ka3aTelbCTB FTEOMETPUIECKHX 3a/]a4 TIOMOTAaeT CTYJACHTaM YIIyUYIIUTh
CBOM HaBBIKM aHAJIM3a, JIOTMYECKOTO MBIIUIEHUS M KPUTHUYECKOTO MBIIUIEHUS. DTO TpedyeT
TOYHOCTH, ITOCJIEI0BATEIBHOCTH U SICHOCTH B BBIPAKEHUU MBICIICH.

OTcyTcTBUE YHUBEPCAIBHBIX METOI0B A7 3P PEKTUBHOTO POPMUPOBAHUS Y YUALMXCS HABBIKOB
rpaMOTHOTO OQOPMIICHHS PpEIISHUH 3a7ad 3aTpyaHseT MPOIecC pPa3BUTHS HX JIOTUYECKOTO
MBILJICHHUS] U BEIET K CHUKCHHMIO Ka4eCTBA YCBOCHMsI MaTeMaTH4ecKuX NoHsATvil. HecMoTps Ha
HaJIMYue pa3jIMyYHbIX MOAXO0J0B B OOyYE€HHMH MaTEeMaTHKE, HEJOCTaTOYHOE BHUMAaHHUE YJeNseTcs
MMEHHO 0()OPMIICHHUIO PEIIEHUH U TPAaBUIBHOMY IOCTPOECHHUIO JJOKA3aTEeIbCTB.

PesynpraThl memarornyeckod INpaKkTHKH, IPOBEJCHHOM C MCIOJIb30BAHUEM IPEJIOKEHHON
METOAMKH, MOKa3aad, YTO y4alluecs NMPOACMOHCTPUPOBAIM 3HAUUTEIBHBIN MIPOrPECC B Pa3BUTHHU
JIOTUYECKOr0 MBIIIJIEHUS, & TaKKe YJIydlIeHWE KadecTBa PEIICHHs T'€OMETPUYECKHX 3a/]ad.
VYuyamuecs: yBepeHHO IPUMEHSIIN HAyYeHHYIO0 CTPYKTYPY U MOCIEI0BaTEIbHOCTh PU 0(pOpMIIEHUN
pEeLIeHUH, YTO MO3BOJIMIIO UM YCIIEIIHO CIPABIIATHCS € 3aa9aMHU U [TOKA3bIBaTh BICOKHE PE3YJIbTaThI
B XOJI€ I1€JarOTUYECKON IIPAKTUKH.

Metoaosorust uccjiei0BaHUuA

B pamkax naHHOrO MccieqoBaHUS HaMU ObLI BBIOpaH KOMIUIEKC METOJIOB, HApaBJIEHHBIX Ha
pa3BUTHE JIOTUYECKOTO MBIIUIEHUS] CTYJIEHTOB 4Yepe3 pEelIeHHWEe TI'€OMETPUUECKUX 3a4ad ¢
NpaBUIBHBIM  OoopmieHueM  pemieHHH. OCHOBHBIM  METOJOM  HCCIIEJOBAaHUS  SIBJSETCS
MeJarornyeckuil SKCIEPUMEHT, KOTOPBI MO3BOJIIET OOBEKTHBHO OLEHUTh 3((HEKTUBHOCTH
MPEUI0KEHHONW METOIMKU B PEAIbHBIX YCIOBHUAX yU4EOHOTO Mpolecca.

HccnenoBanus nNpoBOIWINCH Cpeau CTyAeHTOB Ka3zaxckoro HallMOHAJIBHOTO IMEAarornyeckoro
yHUBepcUTeTa HMeHU Abasg, oOydarommxcs 1o obOpa3oBarenbHOl mporpamme «6B01501 —
Maremartnkay. DKCIEPUMEHT ObLI pean30BaH B XOJ€ 3aHATUN MO MUCHUILIHHE «DJIEMEHTapHas
MaTeMaTHKa (TeoOMeTpus)», TJle CTYJCHThl 3HAKOMUJIMCh C OCHOBaMHU I'€OMETpPHH M paboTaiu Hal
peuieHreM 3aaad. Ha aToM 3Tamne ucciiejoBaHus aHAIU3UPOBAINCH UCXOAHbIE TPOOIEMBI CTYIAEHTOB
npu o(opMIEHHH peIIeHUH T'eOMEeTPUUeCKUX 3ajady M pa3padarbiBajlach METOAMKA Ul MX
npeononeHus. OCHOBHOH 3Tam HMCCIeI0BaHUs MPOXOANT BO BpeMs NUCHUIUIMHBI «[IpakTHKyM 1o
PELIEHNI0 MaTEMaTUYECKUX 3a7iad - 2» y TEX KE CTYIEHTOB Ha 3-eM Kypce, IJI€ OHU yXK€E PUMEHSIIH
pa3paboTaHHYI0O METOJMKY M pelianu 3agadyd, oQopMmisii MX B COOTBETCTBHH C JIOTHYECKOU
CTPYKTYPOMH U MOCJeI0BAaTEIbHOCTBIO JJoKa3aTeabcTB. Ha 3TOM 3Tamne npoBoauiock HalIr01eHUE 3a
pe3ylibTaTaMu padOoThI CTY/IEHTOB U aHAJIU3 OIINOOK, a TAaKXKe OLIEHKa UX Mporpecca.
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JIOTIOTHUTENBHBIM METOJIOM HCCIICOBAHMS SBISETCS aHAINW3 PE3yJIbTaTOB IEAarorHuecKou
IPAKTUKU CTYIEHTOB. DTOT 3Tall MO3BOJIMJ OLEHUTh, HACKOJIBKO YCIIEUIHO CTYAEHTHI IPUMEHSIOT
MOJTyYCHHbIE HABBIKM NpU OOyUYeHHMHM MaTeMaTHKH B IIKOJE, a TAaKXKe HACKOJIBKO Pa3BUIIOCH HX
JIOTMYECKOE MBIIIJICHHE M CHOCOOHOCTh K IOCTPOEHUIO JIOTMUECKU I10CIIEA0BATEIbHBIX PELICHUN
reOMETPHUYECKUX 3aJ1au.

Takum oOpa3oMm, uccienoBaHHE ObUIO OPraHM30BAHO B HECKOJIBKO 3TAloB, BKIOYAs aHAIU3
npobyieM, pa3pabOTKy METOIWKH, e€ ampobaluio, SKCIEPUMEHTAIbHYIO IPOBEPKY, a TakkKe
00001IeHNEe TMOMYYEHHBIX pe3yJabTaTOB, YTO TIO3BOJIMJIO JOCTUYb IEJed WCCIeIOBaHU U
IPEUIOKUTh MPAKTHUECKUE PEKOMEHAALINH /7151 00pa30BaTeIbHOTO MpolLecca

Crynenram — OyIymuM y4uTelIsiM MaTteMaTtuku 1 roxa oOyudeHust Obuia mpeioskeHa 3ajaada 7
KJ1acca, JUIsl KOTOPOH OHU JI0JIKHBI ObLTH 0(OPMUTH PELICHHE.

3aoaua 1.
AABD = ACDB, "
/FAB = 160°.

Haiiqure ZBCD. [8]

Pucynox 1. Pucynok x 3a0aue 1

Bamemy BHEMaHHIO mpeacTaBiieHbl 2 padothl (Puc. 2, Puc. 3), koTopblie MBI TocuuTau Ooee
OJIM3KUMU K rpaMOTHOMY o(opMiieHHUI0 pemeHus. OcTanbHble pPadOoThl ObLIIM HAITUCAHbI 0€3 KaKuX-
1100 OOBICHEHHI U TOBOJIOB.

Pucynox 2. 3anucu uz mempaou cmyoenma Pucynox 3. 3anucu uz mempaou cmyoenma

Kak BumHO, naxke B 0TOOpaHHBIX paboTax peHIeHUs] OCTABIISIFOT XKeJaTh Jrydiiero. st pemeHus
JTAHHOW TPOOJIEMBI, HA Ka)XJIOM MPAKTUYECKOM 3aHATHH ISl CTYyJIEHTOB 1-TO roga oOy4eHHs Mo
3JIEeMEHTAapHON MaTeMaTuke (reoMeTpuu) ObLIa MOCTaBJIEHA 1IeJIb HE TOJIbKO PEHIMTh 3a/1ady, HO U
odopMuTh ee mpaBmwiIbHO. [Iporecc penieHns JomKeH ObITh CIEIYIONINM: BHUMATEIBHO MTPOYUTATh
yCIIOBHUE 3aJ]aui, BBIIOJHUTD [TPABUIIbHBIN YEePTEK.
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B xoze perienns uim 10Ka3aTeabCTBa TeOMETPUUECKON 3aaui He0OOXOAMMO MTPABUIILHO ClIENaTh
4epTexX K 3aJade, U3BJeYb JAHHBIC U3 YCIOBUA 3aJa4d U 3amucarh «JlaHo», nanee 3amucaTbh 4TO
TpeOyeTcst HailTh Wiu Jokas3arhb. [lepexoas K pelIeHunio 3a/1a4M, BO-NIEPBbIX, IPOAHATU3UPOBATH €€
YCIIOBHE, U IO €€ JaHHBIM CJIeJIaTh BHIOOP MOAXOIAIIEr0 MeTO1a (HE0OX0AUMBIE TEOPEMBI, AKCHOMBI
u cBoiicTBa). [IpuMeHUB B pelieHHH BBHIOPAHHBIN METOJI, IPOU3BECTH HEOOXOANMBIEC BBHIUYMCICHUS
(ecnu TpeOyeTcs) U 3ammucaTh OTBET.

Wrak, Kak € JOJDKHO BBIIVIAJETh pEUICHHE Bbllleyka3aHHOM 3anaun? KoHewyHo, B mEpBYIO
oyepenb NIOJKEH OBITh NMPAaBWIBHO BBINOJHEH PUCYHOK, HO TaK KakK B JTOM 3ajadye PUCYHOK
IIPEUIaraeTcsi, MO’KHO €ro IMpocTo nepedepTuts cede B Terpans (Puc.4).

Jano:

AR AABD = ACDB
FlX /FAB = 160°
Haiigure Z/BCD.
Pemenue:
.-": O y 1. Z/FAB u ZBAD — cMexHbI€ yIibl =>
™, \ => /FAB +/BAD = 180°.
i A Torna: ZBAD =180° - ZFAB = 180°- 160° = 20°

] L
7 1 AABD = ACDB

; ) => = = °
J A e 2. JBAD = 20° /BAD = /BCD =20

E Ortger; 20°

Pucynox 4. Yepmeonc k 3a0aue 1

Crnenyroum npuMepoM pacCMOTPUM 3a7ady Ha JOKa3aTeIbCTBO.
3aoaua 2. B tpeyronsauke ABC AB=BC. Ha mennane BE ormedena Touka M, a Ha croponax AB
u BC — touku P u K cootrBerctBenno (Touku P, M u K He nexar Ha ogHo# nipsmoit). 3BecTHO, 4TO
/BMP = ZBMK.
JHoxaxwute, uto: 1) ZBPM = ZBKM; 2) npsimbie PK u BM B3anMHuo nieprieHaukysipusi [8].
Wrak, mepBbIM JeiicTBHeM Hu300pa3uM pHUCYHOK (puc.5) u 3amumem J[laHo, nmamee To, 4TO
TpeOyeTcsl oKa3aTh M TOJIBKO TOTOM 3alMIIEM CaMH J0Ka3aTelbCTBA O0OMX MyHKTOB. B KoHIE
KaKJOTO JI0Ka3aTeIbCTBA MOCTABUM <(OKUPHYIO TOYKY», KOTOpas 00O3HA4YaeT, u4TO yTBEPXKACHUE
TOKa3aHo.
Jano:
A ABC,AB = BC
BE — menuana
i M € BE,P € AB,K € BC
/ (M, P, K He nexaT Ha OJTHOU TIPSIMOiA)
/BMP = ZBMK

~t JloKa3arTh:
# 1) /BPM = ZBKM,;
AL NE 2) PK L BM.

Pucynox 5. Yepmeoic k 3a0aue 2
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1) Joxa3arenbCcTBO:

AABC | _ o _ -
1 AB = BC => A ABC — paBuoGenpennsiii => LA = ZC
AABE v AEBC :
AB = BC _ _
2. AF = EC => AABE =
ZA = ZC

AEBC (1o mepBoMy NpU3HaKy paBeHCTBa TPEYTrOJbHHUKOB)
3.AABE = AEBC => /ABE = ZEBC (/PBM = ZKBM)

A BPM v ABKM
Z/BMP = /BMK (1o yc/i0BHIO)
/PBM = /KBM
BM — obmas

4, =>ABPM = ABKM => /BPM = ZBKM

2) JlokazarensCcTBo:
1. ABPM = ABKM (u3 nepBoro noka3arenbctsa) => BP = BK

BP = BK| _
2.5~ pe | = PKIIAC

A ABC — paBHOGe i peHHbIN

3. => BE — Bricota => BE 1 AC
BE — MeauaHa
PK | AC| _
4. => =>
BE | AC BE 1 PK PK L BM

[lepBbie HeenM 3aHATHI CTYAEHTHI 3aTPYHSIMCH 3aIIUCHIBATH PEIICHUS U I0Ka3aTeIbCTBA TAKUM
00pa3oM, HO MMOCTENEHHO OHM MPHUBBIKIN M NPU3HAIH 3(PPEKTUBHOCTh TaHHOTrO opopmieHus. OHu
HayaJIy JIy4lle IOHUMATh JIOTUKY [OCIIE10BATEIbHOCTH PEIICHHSI, 0COOEHHO B J10Ka3aTEJIbCTBAX.

Pe3yabTaThl Hccae10BaHUA

B xoJzie npoBeaeHHOro MccaeA0BaHNs, HAPaBJIEHHOrO0 Ha Pa3BUTHE JIOTUYECKOTO MBIIIIEHUS Y
cTyaeHToB Ka3zaxckoro HalMOHalIbHOI'O II€Iarorud4eckoro yHUBEpcuTeTa uMeHu Aolad,
oOyyaromuxcs 1o obpazoBartenbHoi mporpamme «6B01501 — Matematuka», ObUIM IOJTyYEHBI
CIIEyIOIINE PE3YIbTaThI.

1. TIlogviwenue ypoeus nocuueckoco mwviuiienuss y cmyoenmos. CTyIeHTbl, NPUMEHHUBILINE
METOJIMKY, HaIlpaBJICHHYI0 Ha IMpaBWIbHOE O(OpMIIEHHE pEIIeHUH TeOMEeTPUYECKUX 3ajad,
IIPOJEMOHCTPUPOBAIIA 3AMETHOE YJIYULIEHUE B YPOBHE JIOTHUECKOTO MBIIIJIEHUS. DTO BBIPA3UIIOCh B
CIOCOOHOCTH YETKO M MOCIEA0BaTENbHO H3JIaraTb apryMeHTbl, 00OCHOBBIBATh CBOM PELICHUS U
MCIOJIb30BaTh JIOTHUECKYIO CTPYKTYpPY NpHU JOKa3aTelabCcTBaX. B Xozie megarorundyeckoil mpakTUKd
yuaiuecsi 0ojee yBEpeHHO MOAXOAMIM K 3a7ayaM, YyJIydlIWJIM HaBBbIKM aHajdn3a W CHUHTE3a
MaTeMaTHYECKUX YTBEPKICHHMH.

2. O¢hgpexmusnocmv npeonoxcennou memoouxu. [TpuMeHeHNEe TPEIIOKSHHON METOJIHUKH 10
PELICHUIO TEOMETPUYECKHX 33/a4, C aKIEHTOM Ha MpaBMWIIbHOE OQOPMIICHHE PELIeHHUH, OKa3ajo
MOJIOKUTEIPHOE BIMSHUE HA KA4eCTBO BBINOJHEHHUA 3a1ad. CTyIEeHThl HE TOJBKO YIYUIIHIA CBOU
3HaHUS B O0JIaCTH T€OMETPUHU, HO M HAYYWJIHCh Oojiee TPaMOTHO O(GOpPMIISATH MaTeMaTHYeCKHe
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JI0Ka3aTeNIbCTBA, YTO CHOCOOCTBYET pa3BUTHIO HMX OOIIEr0 JIOTMYECKOTO M aHATUTHYECKOTO
MBIIICHUSL.

3. onosxcumenvuvie pe3yiomamel neoazocuieckol npakmuxu. Bo Bpems menarorndeckoi
MPAKTUKH CTYACHTHI MPOJIEMOHCTPUPOBAIM XOPOIIUE PE3yIbTAThl B PENOJIABAHUH U OOBSICHCHUU
MaTeMaTHYeCKUX MOHATHH. OHM yBEpPEHHO HCIOJB30BaJIN BHIPAOOTAHHBIC HABBIKKM OQPOPMIICHHUS
peIIeHHIA 3a/1a4, YTO MOBBICHIIO Ka4eCTBO MX IEIAarorn4eckoil paboThl U MO3BOIHIO 3((HEKTUBHO
nepeiaBaTh 3HAHUS IKOJILHUKAM.

Takum 00pazoM, pe3ynbTaThl UCCIEAOBAHUS TTOKA3aJIH, YTO MPABIIIBHOE OPOPMIICHHE PEIICHHMA
TCOMETPUYECKUX 3aJad M JIOTUYECKas IOCIICAOBATEIbHOCTh JIOKA3aTelIbCTB  CYIIECTBEHHO
CIOCOOCTBYIOT PA3BUTHIO JIOTHYECKOTO MBITIICHUS Y CTYICHTOB, a TAKXKE MOJIOKUTEIHHO BIHSIOT Ha
uX OYAYIIYIO TIearorn4ecKyo JIesTeIIbHOCTb.

B xone skxcnepumMenTa ObUIO 3a(hMKCHPOBAHO YIYUIICHHE YPOBHS JIOTHYECKOTO MBINIICHUS Y
CTY/ICHTOB, a TaKXe IOJIOKUTEIbHBIE M3MEHEHHUS B UX CHOCOOHOCTH K IOCIEIOBATECIBLHOMY U
JIOTUIHOMY OOpMIICHHIO perieHnid. CpaBHUTEIBHBIN aHATN3 PE3yIbTATOB J0 U IMOCIIC TPUMCHEHHUS
METOAMKHM TIOKa3aJl 3HAYMTEIbHBI NPOrpecc B YMEHUSX CTYIEGHTOB HE TOJBKO pellath
reOMETPHUYECKUE 3a7a9l, HO M TPaMOTHO BX O(OpMIISATE. DTO TOATBEPKIACT THIIOTE3Y O TOM, YTO
METO/IMKa, HAIPaBJICHHAs Ha Pa3BUTHE JIOTUYECKOTO MBIIUICHHS Yepe3 NpaBUiIbHOE o(opmicHHe
pelieHnid 3a7ad, CIOCOOCTBYET VIYUIICHHIO MAaTeMaTHYeCKHMX U IEeJarOrHueCKUX HAaBBIKOB
CTYJICHTOB — OyIymMX yu4uTeJel MareMaTuku. Kpome TOro, maHHBIC HCCICIOBaHUS ObUIA
MOATBEPKICHBI PE3yIbTaTaAMHU TICIarOTHYECKON MPAKTUKHU, TC CTYACHTHI IPUMEHSUIN TTOTYICHHBIE
3HaHUS Ha NPAKTUKE, YTO CBUJICTEIILCTBYET O BLICOKOM YPOBHE 00OCHOBAHHOCTH BBIBOJIOB.

HayuHnast 3HaUMMOCTh pPe3yIbTaTOB HCCIICAOBAHMUS 3aKITI0YACTCS B TOM, YTO OHO OTKPBIBAET HOBBIC
MOJIXOAbl B OOYYEHHHM CTYIEHTOB, TOTOBSIIUXCS CTaTh YYHTEISIMA MaTeMaTUKH. Pa3Burhe
JIOTUYECKOTO MBINUICHHS Yepe3 MPABIIbHOE 0QOPMIICHHE PEIICHUN IeOMETPUYCCKHX 3a71ad HMEET
Ba)XHOE 3HAYCHHE KaK I TEOPETUUECKOTO, TaK U JUIS TPAKTHYECKOTO O0YUCHHUSI MAaTEeMaTHKE.

1. Memoouxa, npednoicennas 6 ucciedo8anuu, MOXeT OBITh UCTIOIB30BaHa B 00pa30BaTEIIbHBIX
YUPEKIEHUSIX, TOTOBSIIUX IEJAroroB MaTEeMaTHKH, s (OPMHUPOBAHUS Y CTYJEHTOB HABBIKOB
JIOTUYECKOW apTyMEHTAIMH U JIOKA3aTeJIbCTBA, YTO SBJISCTCS BXKHON YaCThIO MPOdecCHOHATEHOM
MOATOTOBKU OYIyIIUX YUUTEICH.

2. Ilpakxmuyeckoe npumeHnenue. Pe3ynbpTaThl UCCIEAOBAHHUS MOTYT OBITH HCIIOJIB30BAHBI JIJIS
pa3paboTKu Y4eOHBIX MaTepHATOB M METOJUYECKMX PEKOMEHIAIMi Mo OOyYeHHUIO CTYACHTOB
MEJarorTMYecKuX BY30B, VYIIydIas KadeCTBO IOJATOTOBKH OYAYIIMX YYHTENCH. DTO TaKkKe
CHOCOOCTBYET YNYUYIIEHHIO KayecTBa MpernojaBaHUs MaTeMaTUKHU B IIKOJaX, TJe yuuTens OyayT
6onee 3¢(hekTUBHO 00y4aTh MIKOJLHUKOB PEUICHUIO 3aa4 C JOTHYECKUM O0(OPMIICHHEM.

3. Teopemuueckas yeHHOCMb WCCIECNOBAHUS 3aKIIOYAETCS B YTOUYHEHUHU POJIH JIOTMYECKOTO
MBIIIJICHHS B IIPOIIecce OOYICHHSI MAaTEMATHKE U B BBIJICIICHUH BaXKHOCTH TIPABUIILHOTO 0hopMITeHUS
pelIeHni 3a/1a4 KaK KIIF0YEBOT0 dJIEMEHTa B 00pa30oBaTeNbHOM MpoIiecce. ITO TaKKe CIIOCOOCTBYET
pacCIIUPEHUIO TEOPUHM TICIArOrHYeCKOd MaTeMaTHKH, TNIe PEIICHUI0 3a1ad W (OPMHUPOBAHHUIO
JIOTUYECKOTO MBIIIJICHUS YAENseTCsl JOKHOE BHUMAHHE.

TakuMm 00pa3oM, pe3ysbTaThl WCCIICIOBAHMS BHOCSAT BKJIAQJ B Pa3BUTHE TCOPHUH W TPAKTUKH
MaTEeMaTHYeCKOro 00pa3oBaHUs U MOTYT OBITh HCIOJB30BAHBI JIJIsI COBEPIICHCTBOBAHUS METOIUK
MperoJaBaHus MATEMATHKH B ITeJJarOTHYECKUX By3aX.

Juckyccus

B paccMOTpeHHBIX HAMU METOIMYECKUX paboTax M MCCIEIOBAaHHUAX OBUIO HAWJEHO OYEHBb MAJo
Marepuaia o opopMICHHUIO PEIICHHUH U JI0KA3aTeIbCTB FEOMETPHUYECKUX 3a/1a4. B OCHOBHOM aKIeHT
JeTaeTcs Ha OT/IeNIbHBIE CBOMCTBA MIIM TEOPEMBI T€OMETPHUHU, HIMEHHO JIJAaHHAS TeMa MPAKTUYECKU He
3aTparuBaercs. [109TOMy Ba)KHO CO3/1aBaTh U COBEPIICHCTBOBATh METOJMUKH OOY4YCHHUS, KOTOpPBIC
aKICHTUPYIOT BHUMaHHE Ha 3TOM acCleKTe W TMPEIOCTABISIOT OOYYaIOUIMMCS BO3MOXXHOCTH HE
TOJIBKO HAXOJWTh PEUICHHUs 3ajady, HO YMETh MPaBWJIBHO O(GOPMIIATH U OOOCHOBBIBATH CBOH
BbIBOIBI [9-11].
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B nHacrosimiee BpeMst 3HaYUTENLHOE KOJIMYECTBO PAOOT U MCCIENOBAHUMN 110 METOUKE O0yUEHUS
TFE€OMETPUM TOCBSIICHO HCIONBb30BAHUIO LU(PPOBBIX HMHCTPYMEHTOB OOYYEHHs, paccMaTpuBas
BO3MO>KHOCTH COBPEMEHHBIX TEXHOJIOTHH ISl BU3yaIM3allud T€OMeTpUdYecKkoro marepuana. Cpenu
HUX PaOoThl Takux ydeHbiX, kKak H.S. Bumenkun u JLI'. TlerepcoH, KOTOpbIe aKIEHTUPOBAIH
BHHUMaHHE Ha BAYKHOCTH MHTETPAllMK NHPOPMAIMOHHBIX TEXHOJIOTHIA B 00y4eHHE MaTeMaTHKe. JTH
UCCIIEIOBaHMS  IMOATBEPXKAAIOT, UYTO LHUQpPOBU3ALMA TMOMOTaeT HAIJISIAHO  TPEACTaBUTH
TEeOMETPUUYECKHE OOBEKTBI, YIPOINas BOCHPHUATHE MaTepuaia y4YallUMHCS W PaCIIupsisi WX
BO3MO>KHOCTH JJIs pEIICHUS 3a/1a4.

Opnako oco0oe MECTO B Pa3BUTUU HABBIKOB PELICHHS T'€OMETPUYECKUX 3a/1ay MO-TPEKHEMY
3aHMMAaEeT YMEHHE IPABIIILHO 0OPMIISTH pelieHre. BaXHOCTh MpaBUIILHOTO O(hOPMIICHUS PEIICHUS
3a/1a4u MOJATBEPKAAIOT padoThl Takux MeroauctoB, kak H.M. Kucenera u B.M. JIpsikoB, KOTOpBIE
aKIEHTUPYIOT BHHMaHHWE Ha TOM, 4YTO OQOPMIICHHE pEIICHUS 3aJa4d HMEET HE TOJBKO
oOpa3oBaTrenpHOe, HO M KOTHUTHBHOE 3HaueHue. [lo ux MHeHuio, mporecc ohopMICHUS
CrocoOCTBYET (POPMUPOBAHUIO Y YUYAIIMXCS KPUTHYECKOTO M JIOTHYECKOTO MBINUICHHS, 8 TaKKe
HABBIKOB TOYHOCTH U MOCJIEIOBATEILHOCTH B PEILIEHUH 3a7ay.

OO0yueHue npaBUIbLHOMY O(DOPMIICHHIO TEOMETPUUYECKUX 3a/1ad, o MHeHHI0 M.W. MaxwmynoBa u
T.H. benamBuin, uMeeT BaXHOE 3HAUCHUE JJIS1 Pa3BUTHUS HE TOJIBKO MAaTEeMaTUYECKUX, HO M OOIIHUX
MMO3HABATEIFHBIX HABBIKOB. B mpomecce pemieHuss 3amaun  oOydaeMble CTaJKHUBAIOTCS C
HEOOXOMMOCTbIO HE TOJIBKO HaWTH TPaBUIBHBIA OTBET, HO M YETKO MPEICTaBUTh
MOCJIEIOBATEILHOCTh JIOTUYECKHUX I1aroB, KOTOPHIE MPUBEIIM K 3TOMY PE3yibTaTy. ITO MOMOTAET
pa3BUBaTh AHAIUTUYECKOE U Pe(ICKCUBHOE MBIILICHUE, YTO SIBJISIETCS OJHOM M3 KIIFOUEBBIX 3a7a4
COBPEMEHHOT0 00pa30BaHMsl, Kak MoA4YepKUBaioT B cBoux padortax B.I1. Poros u U.A. I'pekos.

C omHOHN CTOpOHBI, MpaBWIbHOE OPOPMIICHHE 3aJad Pa3BUBACT aHAIMTHUUYECKOE MBIILICHUE,
MOCKOJIBKY TpeOyeT CTPYKTypUpOBaHHUsS 3a7aud M ee¢ pemieHus. YeTkas MocieqoBaTeIbHOCTD
neicTBuil, rpaduyeckas BuUlyanusalus (HarpuMep, UCIOIHEHHE 4epTexeil ¢uryp, o6o3HaueHue
9JIEMEHTOB) W CJIOBECHOE OOOCHOBAaHME KaXKJIOTO IIara OJIarOMpUSITHO BIMSIOT Ha Pa3BUTHE
CIOCOOHOCTH K CHCTEMaTHYEeCKOMY aHalIu3y. JTo noATBepxkaaercs uaesmu JI.A. PerkoBa, KOTOpBIi
MOAYEPKHUBAET, UTO JIOTHUECKOE U YETKOE OPOpMIIEHUE PEIICHUs CIIOCOOCTBYET 0oJiee TIIyOOKOMY
MoHUMaHu Matepuana. Odopmisas perieHus TeoOMEeTPUYECKHX 3a]ay, ydalidecs He TOJBKO
BBIPAKAIOT CBOU UJIEU U PACCYXKIEHUS, HO M OOBSICHSIIOT CBOU BBIBO/IbI, YTO TTIOMOTAET JIyUIIIEe TIOHATh
MaTepuai v yriayOasThCs B U3yUeHUE TE€OMETPHUH.

Kpome Toro, odopmienue pemeHuit TpeOyeT TIIATETbHOCTH W JAUCIHHUIUIMHBI, UYTO TaKXkKe
CHOCOOCTBYET PAa3BUTHIO Y OOYYArOIIMXCS HABBHIKOB CaMOJMCUMUIUIMHBI U OTBETCTBEHHOCTH, KaK
ormeuatroT .M. CemenoBa u H.M. ®enopoa. Pabora nmo ogopmieHHIO MOMOraeT y4eHHKam
dbopMUpOBaTh HAaBBHIKM TOYHOCTH U BHUMATENBHOCTH, YTO WIpaeT KIIOYEBYID pOJb B
o0pa30BaTeIbHOM IPOILIECCE.

C nmpyroii CTOpOHBI, MOXKHO YTBEp)KJaTh, YTO peryispHas paboTa HaJa ohOopMIECHHEM 3aaad
pazBuBaeT pedeKCUBHOE MbIIIUIEHHE. B Tmpoliecce MpoOBEpKHM W HUCIpaBieHUs O0GOPMIICHUS
yJanyecss aHAIU3UPYIOT, HACKOJIBKO YETKO OHM CMOIJIM BBIPA3UTh CBOM MBICIM U OOOCHOBATh
pelenre. JTo SIBJIEHUE MOIECPKUBAIOT UCCIeA0BaHus, MpoBeAeHHbIE A.A. [IuHKeBHUEM, KOTOPBII
MOTYEPKUBAET BAXKHOCTh CAMOOLIEHKH U CAMOKOPPEKIINH B YIeOHOM Ipoliecce.

OnHako BaXHO OTMETUTH, YTO UYPE3MEPHOE AaKIEHTHPOBAaHWE BHUMAHUS Ha OQOPMIICHUU
pElIeHnd MOXET MPHUBECTH K TOMY, YTO HEKOTOpbIE YUYEHUKHU OYAYT YyAENsATh OOJbllle BHUMAHUS
dhopme, gem cosiepKaHu 0. ITO MOKET CTaTh OapbepOM ISl TROPUECKOTO TTOIX0/1a K PEIISHUTO 3a/1a4,
kak npenocreperaeT B.A. KoTuk B cBoux paborax. Yuammecs MOTYT HadaTh OOSTHCS TOMYCTUTH
omuOKy B OGOPMIICHHHM, YTO OTPAHMYMBACT WX THOKOCTh M CIIOCOOHOCTh K HECTaHIAPTHOMY
peuienuto 3aaa4. [loaToMy HEOOXOAMMO HAXOIUTH OaTaHC MEXAY TpeOOBaHUSAMH K O(OPMIICHUIO U
CTUMYJIUPOBAHUEM TBOPYECKOTO TIOIXO0/1A.

Taxxe cieqyer y4UTHIBaTh, YTO O(QOpPMIICHUE PEIICHUN TeOMETPUUYECKUX 3a]lad CIOCOOCTBYET
Pa3BUTHIO HABBIKOB KOMMYHHKalUH. [IpencraBienue pemeHnid mo3BOJSIET ydaluMcsi 00CyK1aTh
CBOM WJEM U METOIBI PEUICHHUS C APYTMMHU y4eHUKaMHu, paboTaTh B KOMaHE, YTO TAKKE UMEET
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BXHOE 3HAYCHHE [UIsi (OPMUPOBAHUS COIUAIBHBIX HABBIKOB. B 3TOM KOHTEKCTE€ pabOThI
A.Il. Imuara u C.H. Imuar-PoccBanib mogauepKkuBaroT, 4TO KOJUIGKTUBHAs paboTa W OOMEH
UJCSIMU 3HAYUTEIIHFHO 000TaIaroT MpoIiece 00yICHHS.

Taxum 06pa3zom, opopmileHHE pelIeHNn i TEOMETPUUECKUX 3a/1a4 UTPACT BaXKHYIO POJIb B Pa3BUTUU
o0ydaeMbIX. ITO HE TOJBKO CIIOCOOCTBYET YIiayOJCHHIO 3HAHUH 1O T€OMETPHUH, HO U MOMOTaeT
(dbopMHpOBaTh HABBIKH, KOTOPbIE OYAYT MMOJIE3HBI B IPYTHX 00IacTAX yueOHOM U npodeccuoHalIbHON
JEeSATeNbHOCTH. BaXHOCTh 3TOrO Tpolecca MOAYEPKUBAIOT BEAYIIHE YYCHBIC-METOIUCTHI, U B UX
paboTax MOKHO HaWTH pEeKOMEHAALNH, KaK 3QPeKTUBHO coueTaTh TpeOOBaHUS K OOPMIICHUIO H
pa3BUTHE TBOPYECKOTO MBIILICHUS YYCHUKOB.

3akiroyenue

B mpouecce wuccnenoBanus ObUIO TIOKa3aHO, YTO CHUCTEMAaTH4YecKoe OOydeHHE HaBBIKaM
IIPABUIIBHOTO O(OPMIIEHUS PEIIEHU F€OMETPHUUECKUX 3aJau CIIOCOOCTBYET PAa3BUTHUIO PA3JIMYHBIX
aCIeKTOB MBIIUIEHUS ydauuxca. YeTkas CTPyKTypa, JIOTMUHOE W3JIOKEHUE PpACCYXACHUW U
KOppeKTHOe O(OopMIIeHHE YepTeKell MO3BONAIOT IIKOJBHUKAM HE TOJIBKO TIIy0)Ke MOHMMAaTh
coJiep’KaHue 3ajay, HO U pa3BHUBATh Ba)KHbIE€ KOIHUTHBHbIE HAaBBIKM, TAKME KaK aHAJIMTHYECKOE,
KPUTHYECKOE U Pe(PIECKCUBHOE MBIIICHHE.

[IpaBunbpHOE OGOpMIIEHHE PEUICHHH TOMOTAeT yYSHHKaM YIOPSAIOYHBATH CBOU MBICIIH, YTO
obyieryaeT OCO3HaHME JIOTMKU 3a/Jaud M MO03BOJISIET M30exarh omubok. D10 (GopmupyeT y
IIKOJIbHUKOB KYJIBTYpPY MaT€MaTUYECKOT0 MBILIIEHHUS], UTO OY/ET M0JIE3HO KaK B JajibHENIeN yuele,
TaKk ¥ B peIIEHUH XU3HEHHBIX MpoO0sieM, TpeOyroIuX CTPOroro aHajinsa U 06ocHoBaHus. B To xe
BpeMsI, CTOUT YYUTHIBATh BAYKHOCTh THOKOTO MOAX0/1a, YTOOBI 0(hopMIIEHHE HE CTAJI0 0apbepoM st
TBOPYECKUX PEIICHUH.

Taxum 00pa3zom, npaBUIIbHOE O(OpPMIIEHUE PELIEHUN U JO0Ka3aTeIbCTB N'€OMETPUUYECKUX 3a7au
UIpaeT KIIOUEBYIO POJIb B PA3BUTUU YUYEHHKOB, CIIOCOOCTBYS YCIIEIIHOMY YCBOEHHUIO MaTepuaa,
Pa3BUTHIO MAaTEMAaTUYECKHX CIIOCOOHOCTEH M (OPMUPOBAHHMIO BAKHBIX JIMYHOCTHBIX KayecTB,
HEOOXOAUMBIX JUISl JOCTHKEHHS ycIexa He TOJIbKO B yueOe, HO U B )KHU3HH.

Cnucok ucnonb308aHHbIX UCTIOYHUKOS

[1] Topebex EJK. Cpasnumenvuviil ananusz mMemooux o0yueHus eeomempuu 6 cpeoneil wkone / COOpHuK
mpyoos IX Meosicoynapoonoi nayunou kougepenyuu «Mamemamuxa. Obpasosanue. Kyiomypay, 2019. C.
339-341 https.//www.mathedu.ru/text/matematika_obrazovanie kultura 9 2019/p337/

[2] @upcmosa H.U. Memoouka o0byuenus memoody 066EM08 6 UKOIbHOM Kypce 2eomMempuu / MamepuaJivl
0oK1a008  cemunapa «Humespayus OCHO6HO20 U  OONOIHUMENLHO2O — (PUUKO-MAMEMAMULECKO20
0bpazosanuay — HayyHo-memooudeckull coopnux. Mzoamenvcmeo: OO0 "MAKC Ilpecc” (Mockea), svinyck
15. - 2019 2. — C. 30-40 https.//www.mathedu.ru/text/arhimed_2019_v15/p30/

[3] Hanuneep B.A. L{ugposvie obpazosamenvubie pecypcvl HA cyrcde y MemoouKu 00yueHus 2eomempu
6 wikone. — XKypnan «Mnghopmayus u obpaszosanue: epanuyst kommynuxayuiiy, Ne 12 (20). — 2020 2. — C. 47-
50 https.//cyberleninka.ru/article/n/tsifrovye-obrazovatel nye-resursy-na-sl uzhbe-u-metodiki-obucheniya-
geometrii -v-shkole

[4] Tysxoe E.A. JKozapbl mekmen OKyubliapblHbll KeHiCMIKMIK otnayvin oameimy macenenepil «Science
and education in the modern world: challenges of the xxi centuryy ammur XII Xanvikapanvix evlavblmu-
maocipubenix xonpepenyus swcunaevi. Iledacoeuxanvix evitvimoap. — T.16. — Acmana, 2023. - 5.56-59
https://api .scienceweb.uz/storage/publication_files/1356/8212/64200831314cc

[5] A.Abylkassymova, A.Bazhi, M.Dyussov, E.A. Tuyakov, A.K.Ardabayeva, L.Zhadrayeva, Kh.Kenzhebek.
Mathematical Problems as a Means of Developing Students’ Research Skills in the Context of School
Education Content Updating// Journal of Law and sustainable Development. - Vol. 11. - No. 4 (2023). - Pages:
01-20 DOI 10.55908/sdgs.v11i4.607

[6] Abylkassymova A., Kappasova SE., Tuyakov T.A., Zhadrayeva L.U. Methodological aspects of
functional literacy formation of school Children in mathematics// Becmnux KazHIIY um.A6as. Cepus
«Duszuxo-mamemamuueckue Haykuy. - Ne 1 (81). — Anmamul, 2023. — C.66-73. https://doi.org/10.51889/2959-
5894.2023.81.1.007

125



https://www.elibrary.ru/item.asp?id=41389722
https://www.elibrary.ru/publisher_about.asp?pubsid=1767
https://www.elibrary.ru/contents.asp?id=49250141
https://www.elibrary.ru/contents.asp?id=49250141&selid=49250157
https://cyberleninka.ru/article/n/tsifrovye-obrazovatelnye-resursy-na-sluzhbe-u-metodiki-obucheniya-%20geometrii%20-v-shkole
https://cyberleninka.ru/article/n/tsifrovye-obrazovatelnye-resursy-na-sluzhbe-u-metodiki-obucheniya-%20geometrii%20-v-shkole
https://api.scienceweb.uz/storage/publication_files/1356/8212/64200831314cc
https://doi.org/10.51889/2959-5894.2023.81.1.007
https://doi.org/10.51889/2959-5894.2023.81.1.007

BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ned(88), 2024 2.

[7] Kackamaesa b., Tyaxos E.A., Apoabaesa A.K. Cocmasnenue ceomempuieckux 3a0ay Kak cpeocmeo
dopmuposanus mamemamuueckoli KomnemeHmuocmu yyawuxca / Mamepuanvt VII Medscoynapoonoii
HAYYHO-NPAKMUYeckol KoHgepenyuu « AkmyanvHvle npobiemvl 00yueHus Mamemamuxe 6 wKkoie u gyze. om
Hayku K npakmuxey (k 80-nemuto co ons poxcoenusi B.A. I'ycesa). — Mockea: MIIT'Y, 2022. — 9c¢. DOI:
10.31862/9785426314337

[8] 3ue Bb.I. 3adauu k ypoxam eeomempuu. 7-11 knaccer. — CII6.: «llempoznugy, «Buxmopus-niiocy,
2014. — 608 c. — |SBN 978-5-98712-011-8, | SBN 978-5-91673-003-6

[9] 3aokosa O.A. ObyueHue eeomempuu cmyoOeHmMO8 Nepeo2o Kypcd neodsy3a 8 KOHMeKCme
0esimeNbHOCMHO20 nooxood. — Jluccep. Ha couckauue yuenou cmenenu K.n.H. — 2005 2. https.//nauka-
pedagogi ka.com/pedagogi ka-13-00-02/di ssertaci ya-obucheni e-geometrii-studentov-pervogo-kursa-pedvuza-
v-kontekste-deyatel nostnogo-podhoda (oama o6pawenus 14.03.2024)

[10] Aganacosa A.A., Ilapanosa H.H., Poouonos M.A. Memoouxa o00yueHus WKOIbLHUKOB
MamemMamuieckum 00KA3amenbCmeam npu uzyieHuu memuvl "napainenvuvie npsmvle” Ha ypokax eeomempuu
6 cpeonetl wixone / Mamepuanvt XV MedcOoynapoonou HayyHO-npaKmuyeckol KoHgpepeHyul, noceaujeHHoll
80-remuto Iledazocuueckoeo uncmumyma um. B. I'. Benunckozco. B coopuuxe: Cospemennoe obpasosanue:
Hayuuvle  NOOX00bl, onsim, npobnemol, nepCneKmuebl. - 2019 o - C. 104-107
http://elib.pnzgu.ru/library/10405100

[11] Oflaz G., Bulut N., Akcakin V. Pre-service classroom teachers’ proof sche mes in geometry: A case
study of three pre-service teachers // Egitim Arastirmalari - Eurasian Journal of Educational Research: Ani
Publishing. ISSN 1302597X. Volume 63, Number 4. — 2016. — P. 133-152 DOI 10.14689/¢jer.2016.63.8

References

[1] Torebek E.Zh. (2019) Sravnitel'nyj analiz metodik obuchenija geometrii v srednegj [Comparative
analysis of geometry teaching methods in secondary school] shkole / sbornik trudov IH Mezhdunarodnoj
nauchnoj  konferencii  «Matematika. Obrazovanie.  Kul'turay. 339-341  (in  Russian)
https://www.mathedu.ru/text/matematika_obrazovanie kultura 9 2019/p337/

[2] Firstova N.I. (2019) Metodika obuchenija metodu ob#omov v shkol'nom kurse geometrii [The
methodol ogy of teaching the volume method in the school geometry course] / / materialy dokladov seminara
«Integracija osnovnogo i dopolnitel'nogo fiziko-matematicheskogo obrazovanija» — nauchno-metodicheskij
sbornik. lzdatel'sstvo: OO0 "MAKS Press' (Moskva), wypusk 15. 30-40 (in Russian)
https://www.mathedu.ru/text/arhimed 2019 v15/p30/

[3] Dalinger V.A. (2020) Cifrovye obrazovatel'nye resursy na sluzhbe u metodiki obuchenija geometrii v
shkole [ Digital educational resources at the service of geometry teaching methods at school]. — Zhurnal
«Informacija i obrazovanie: granicy kommunikacijy, Ne 12 (20). — 47-50 (in Russian)
https://cyberleninka ru/arti cle/n/tsifrovye-obrazovatel nye-resursy-na-sl uzhbe-u-metodiki-obucheniya-
geometrii-v-shkole

[4] Tuyakov E.A. (2023) Zhogary mektep okushylarynyng kenistiktik ojlauyn damytu maseleleri [ Problems
of the development of spatial thinking of high school students]/ « Science And Education In The Modern World:
Challenges Of The Xxi Century» atty XII Halygaralyk gylymi-tazhiribelik konferenciya zhinagy.
Pedagogikalyk gylymdar. — T.16. 56-59 (in Kazakh)

[5] A.Abylkassymova, A.Bazhi, M.Dyussov, E.A. Tuyakov, A.K.Ardabayeva, L.Zhadrayeva, Kh.Kenzhebe
(2023) Mathematical Problems as a Means of Developing Students’ Research Skills in the Context of School
Education Content Updating// Journal of Law and sustainable Development. - Vol. 11. - No. 4. Pages: 01-20.

[6] Abylkassymova A., Kappasova SE., Tuyakov T.A., Zhadrayeva L.U. (2023) Methodological aspects of
Sfunctional literacy formation of school Children in mathematics// Vestnik KazNPU im.Abaya. Seriya «Fiziko-
matematicheskie naukiy. - No 1 (81). 66-73. https:.//bulletin-phmath.
kaznpu.kz/index.php/ped/article/view/1574 https.//doi.org/10.51889/2959-5894.2023.81.1.007

[ 7] Kaskataeva B., Tuyakov E.A., Ardabaeva A.K. (2022) Sostavienie geometricheskih zadach kak sredstvo
formirovanija matematicheskoj kompetentnosti uchashhihga [ Drawing up geometric problems as a means of
forming students mathematical competence]/ Materialy VII Mezhdunarodnoj nauchno-prakticheskoj
konferencii «Aktual'nye problemy obuchenija matematike v shkole i vuze: ot nauki k praktikey» (k 80-1€tiju sO
dnja rozhdenija V.A. Guseva). — Moskva: MPGU — 9. (in Russian) http://news.scienceland.ru/
%0d0%bd%6d0%6be%6d1%68f%d0%b1%d1%80%d1%8c-2022/

126


https://nauka-pedagogika.com/pedagogika-13-00-02/dissertaciya-obuchenie-geometrii-studentov-pervogo-kursa-pedvuza-v-kontekste-deyatelnostnogo-podhoda
https://nauka-pedagogika.com/pedagogika-13-00-02/dissertaciya-obuchenie-geometrii-studentov-pervogo-kursa-pedvuza-v-kontekste-deyatelnostnogo-podhoda
https://nauka-pedagogika.com/pedagogika-13-00-02/dissertaciya-obuchenie-geometrii-studentov-pervogo-kursa-pedvuza-v-kontekste-deyatelnostnogo-podhoda
https://www.elibrary.ru/item.asp?id=40844429
https://www.elibrary.ru/item.asp?id=40844429
https://www.elibrary.ru/item.asp?id=40844429
http://elib.pnzgu.ru/library/10405100
https://doi.org/10.51889/2959-5894.2023.81.1.007
http://news.scienceland.ru/

Abaii amvinoaser Kaz¥I1Y-uiny XABAPIIIBICHI, « Duszuka-mamemamura sviiimoapsly cepusicol, Ned(88), 2024

[8] Ziv B.G.( 2014) Zadachi k urokam geometrii. 7-11 klassy.[ Tasks for geometry lessons. Grades 7-11]
— SPb.: «Petroglify, «Viktoriya-plyusy. — 608 — I1SBN 978-5-98712-011-8, I1SBN 978-5-91673-003-6. (in
Russian)

[9] Zadkova O.A. (2005) Obuchenie geometrii studentov pervogo kursa pedvuza v kontekste
deyatelnostnogo podkhoda. — Dissertatsiya ha soiskanie uchenoy stepeni kandidata pedagogicheskikh nauk.
[ Teaching geometry to first-year students of a pedagogical university in the context of an activity-based
approach.] . https.//nauka-pedagogi ka.com/pedagogi ka-13-00-02/di ssertaci ya-obuchenie-geometrii-
studentov-pervogo-kursa-pedvuza-v-kontekste-deyatel nostnogo-podhoda (data obrashheniya 14.03.2024).

[10] Afanasova A.A., Sharapova N.N., Rodionov M.A. (2019) Metodika obuchenija shkol'nikov
matematicheskim dokazatel'stvam pri izuchenii temy "parallel'nye prjamye" na urokah geometrii v srednej
shkole [ Methods of teaching students mathematical proofs when studying thetopic “parallel lines' in geometry
lessons in high school] / Materialy XV Mezhdunarodnoj nauchno-prakticheskoj konferencii, posvjashhennoj
80-letiju Pedagogicheskogo ingtituta im. V. G. Belinskogo. V shornike: Sovremennoe obrazovanie: nauchnye
podhody, opyt, problemy, perspektivy. — 104-107. (in Russian) http://elib.pnzgu.ru/library/10405100

[11] Oflaz G., Bulut N., Akcakin V. Pre-service classroom teachers’ proof sche mes in geometry: A case
study of three pre-service teachers // Egitim Aragtirmalari - Eurasian Journal of Educational Research: Ani
Publishing. I1SSN 1302597X. Volume 63, Number 4. — 2016. — P. 133-152 DOI 10.14689/¢jer.2016.63.8

127


https://nauka-pedagogika.com/pedagogika-13-00-02/dissertaciya-obuchenie-geometrii-studentov-pervogo-kursa-pedvuza-v-kontekste-deyatelnostnogo-podhoda
https://nauka-pedagogika.com/pedagogika-13-00-02/dissertaciya-obuchenie-geometrii-studentov-pervogo-kursa-pedvuza-v-kontekste-deyatelnostnogo-podhoda

BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ned(88), 2024 2.
FTAXP 27.43.51

10.51889/2959-5894.2024.88.4.013
M.C. CasimoBal "' | A.B. Kokaskaepa®

1Ka3a1< ¥ ATTBIK KbI3JIap MEeIaroruKaiblK YHUBEPCUTETI, AIMaThI K., Kazakcran
"e-mail: meruertd yamova80@gmail.com

KA3AKCTAH MEKTEINITEPIHIAE BIKTUMAJIIBIKTAP TEOPUACHI MEH
MATEMATHUKAJIBIK CTATUCTHUKA DJIEMEHTTEPIHIH OKbITbBILJIYbI

Anoamna

Makanaga Kasakcrangarel MeKTen MaTeMmaTHKa OarmapiaMachlHa KIPIKTipiIreH BIKTUMAJIBIKTAp
TEOPHUACH MEH MaTEMATHKAJIBIK CTATUCTUKAHBIH 3JIEMEHTTEPIH OKBITYAA TYBIHIAWTBIH SPTYPIIl *Karmaimap
MeH KUBIHABIKTAp Typanbl Oasaaanran. Con cebenTi, MeKTeN OKYIIbIIapblH BIKTUMAIABIKTAp TCOPUSICHl MEH
MaTeMaTHKAJIbIK CTATUCTUKAHBIH JIEMEHTTEPIH OKBITYFa HETI3CIIHICH KaXKETTI 9/IiCTEMEITIK KYpalaapAblH
YKETKUTIKCI3/IITT MEH TaKBIPBINTHI OKBITYFa OOJIHETIH CaFaTTHIH a3/bIFbl ©3€KTI MacelenepiH Oipi peTiHme
KapacTHIPBUIBIN, MAKCAThl JKOHE OHBI INEIy JKOJJAphIH aHbIKTaNFaH. MakananslH Makcatel — Kazakcran
MeTernTepinaeri OiaiM  aldylIbIapAblH BIKTUMAIIBIKTAD TEOPUACHI MEH MAaTEMATHKAJIBIK CTaTHCTHKA
AJIEMEHTTEPIH JKETKITIKTI IeHrelie MeHrepe anMayIapblHbIH ceOer-calaapiaapblH aHBIKTAY OOJBIT TAOBUI/IBL.
AnMaThl Kanachl )KoHe AJIMaTHl OOJBICHIHBIH OipHEIIe MEKTENTepiHIe MaTeMaTHKa ITOHIHIH MyFaTiMIepiHeH
cayallHama aJbIHBIN, OKYIIBIIAPABIH TOKCAHIBIK >KYMBICTAPBIHBIH HOTIDKENEpIHE Talfay >KacalbIHIbI.
Cayannama cypakrapel «Google forms» miardopmachl apKbpUIBl KYPacTBIPBUIBIN, CUITEME apKbUIbl MOH
MyFaJiMJIepiHe TapaTbUIAbl. AJIBIHFAaH HOTIDKEJEepAl WICTEN/IK aBTOPIApIbIH JKacaraH ToKIpHUOETiK
KYMBICTAPBIMEH CaJIBICTBIPa OTBIPHIT, BIKTUMAJABIKTAD TEOPHACHI MEH MAaTeMaTHKAaJbIK CTaTHCTUKAHBI
OKBITYJIa JIOCTYPJII OKBITYFa KaparaHJa TYJIFara OaFbITTajfaH OKBITY OICTEPiHIH MaHBI3BI 30p CKEHIIrl
aiikprHnanaer. CoHmai-aK, MEMJICKETTIK JKaJIblFa MiHACTTI CTAaHIAPTTAPHI OOMBIHIIIA OKBITY HOTHKEIEPl MEH
MeKkTen OarmapiamachiHaarsl «bIKTUMAaNIBIK KOHE CTATUCTHKA» OOINiMiHIH Ma3MYHBI MEH OOJIHTeH caratr
cannapel Peceil enmepiHIe OKBITHUIATHIH ColiKec OarnapiaManapliblH Ma3MYHBIMEH, caFaT CaHJapbIMEH
CaITBICTBIPBUTFaH. KOpBITBIHABI 06MiMiH/IEe BIKTUMATIBIKTAD TEOPUSICHl MEH MAaTeMaTHKAJBIK CTATHCTHKAHBIH
ANIEMEHTTEPiH OKBITyJa KYTUICTIH HOTIKEJIEpP MaTepHaIbIH KoJeMiHe HeMece OKYIIBIHBIH jKachblHa FaHa
0ailJIaHBICTBI €MEC, OHBbI OKBITYJaFbl MYFAIIMHIH KociOW IeOepJIiriHe, KOJIIaHBUIATHIH 9JIC-TACUIAEpre,
COHBIMEH KaTap, O6JIIHT'eH caraT CaHbIHA /12 OallJIaHBICTI €KEeHI )KOHE aTaIMBIII [TOH]II canaibl MEHIepTy YIIiH
OKBITYy YHepiciHme OelCceHJi OKBITY oJicTepl MEH 3aMaHayd TEXHOJIOTHSUIApAbl KOJIJIaHy KepeK Jemn
TYKBIPBIM/IAIIFaH.

Tyiiin ce3mep: BIKTUMAIBIKTAP TEOPUSCHl, MATEMATHUKAJbIK CTAaTUCTHKA, JOCTYPJi OKBITY, TYJIFara
OarbITTaJIFaH OKBITY, KE3/1€HCOK KYOBUIBIC, OKBITY 9/IiCTEepi, CBIHH OMIIay.

M.C. CnsamoBa !, A.B. Kokaxaesa
!Kazaxckuil HallMOHABLHBIN KEHCKHH MEIarorHuecKuil yHuBepeuTeT, T. AnMarsl, Kasaxcran
W3YYEHUE 3JIEMEHTOB TEOPUH BEPOSITHOCTEN 1 MATEMATHYECKOM
CTATUCTHUKHU B IIKOJIAX KAZAXCTAHA

AnHomayus

B cratbe paccmaTpuBarOTCs pa3lUyHBIE CUTYAllMMM W TPYOHOCTHU, BO3HHUKAIOIIME MPU H3YYECHUU
DJIEMEHTOB TEOPHUH BEPOSITHOCTEH W MaTeMAaTHUECKOW CTATUCTUKH, WHTETPUPOBAHHBIX B IIKOJHHYIO
MaTeMaTHYecKkyr mporpammy B Kazaxcrane. I[lo3ToMy HeIOCTaTOYHOE KOJMYECTBO HEOOXOIUMBIX
METOJIMYECKHX TOCOOWH, OCHOBaHHBIX Ha OOYYEHUM INKOJIHHHKOB 3JIEMEHTaM TEOPHH BEPOSITHOCTEH WU
MAaTeMaTHYECKONH CTaTUCTHKH, W HEAOCTATOYHOE KOJIMYECTBO YacOB, OTBOAWMBIX HA HW3YYCHHE TEMBI,
paccMaTpuBaIOTCS KaK OJTHA M3 aKTYaJIBHBIX MPOOIIEM, OIIPEACIICHBI IIENN U Iy TH ee perneHus. Llemsto crathn
SIBIISTIOCH BBISIBJICHWE TPUYMH, 1O KOTOPBIM OOydYaroliuecs Ka3aXCTaHCKMM MeTarpeaMeTraM He CMOTIH
JIOCTAaTOYHO XOPOIIO YCBOUTH JJIEMEHTHI TEOPUU BEPOSTHOCTEM M MaTeMaTHYeCKOW CTaTUCTUKU. B
HECKOJIbKHMX INKOJax I'. AJMaThl U1 AJIMaTHMHCKON 00JacTH OBbLI MPOBEICH ONPOC YYUTEIeH MaTeMaTHKH,
MPOBEJICH aHAJIU3 PE3yJILTATOB KBAPTAIbHON PabOThl ydammxcs. Bompockl aHKeThl OBLITHM COCTaBJICHBI Yepe3
wiardopmy "Google forms" u pacrpeieneHsl 1Mo CChIIKE YUUTEISIM-TIpeIMeTHIKaM. CpaBHUBAS IMOJTyICHHBIC
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PE3yIBTaThl C OMBITHBIMUA Pa0OTaMU 3apyOEIKHBIX aBTOPOB, OBLIO YCTAHOBIICHO, YTO B MPETOAaBAHHH TCOPHH
BEPOATHOCTEH W MaTEeMAaTHYeCKOW CTATHUCTHKH OOIbIliee 3HAUYE€HHE MMEIOT JMYHOCTHO-OPHEHTHPOBAHHBIC
METOJIbI O0yUYEHHS, YeM TPaIUIMOHHOEe oOyueHHWe. Takxke pe3yiabTaThl OOYYCHHUS 1O TOCYJapCTBEHHBIM
00I11e00sI3aTeILHBIM CTaHJApTaM,  COJACPIKAHUE pasjielia «BEPOSATHOCTh M CTATUCTUKA» B IIKOJIHHOH
mporpamMMe ¥ IHU(PHI BBIAECTEHHBIX YaCOB CPABHHUBAIOTCS C COJIEP)KAaHHUEM COOTBETCTBYIONIUX IIPOTPAMM,
MIPEToAaBaeMbIX B POCCHHCKHX PETHOHAX U X IU(PpaMu 4acoB. B 3aKITI0UNTEIHHON YaCTH AeaeTCsI BEIBOJ O
TOM, 4YTO OXHUJAaeMbI€ pPE3YyJIbTaThl OOYYCHHUsS 3JIEMCHTaM TCOPHUH BEPOATHOCTEH M MaTeMaTHUECKOM
CTaTHCTUKH 3aBUCST HE TOJIHKO OT 00beMa MaTeprajia WM BO3pacTa yJallerocs, Ho U OT MpoheCCHOHATBHOTO
MacTepCcTBa YUYHUTENS B €ro IMpernofaBaHWH, MPUMEHSIEMBIX METONIOB M MPHEMOB, a TakXKe OT KOJUYeCTBa
OTBEJICHHBIX YacoB, a JJIsi KaYeCTBCHHOTO OCBOCHUSI JAHHOW JMCIUIUIMHBI HEOOXOIUMO HCIIOJIB30BaTh B
Mpolecce 00YYCHUS aKTUBHBIC METOIbl O0YUYCHHS U COBPEMEHHBIE TEXHOJIOTHH.

KaloueBble cioBa: Teopus BEpOSTHOCTEH, MaTeMaTHYecKas CTAaTUCTHKA, TPaAWIMOHHOE OOydYeHue,
JIMYHOCTHO-OPUCHTUPOBAHHOE O0yUYCHHE, CITy4aliHOE SBJICHHUE, METO bl 00yUSHHS, KPUTHIESCKOE MBIIILJICHHE

M. Slyamova?l, A. Kokazhaeva?
1K azakh National Women's Teacher Training University, Almaty, Kazakhstan
STUDYING ELEMENTS OF PROBABILITY THEORY AND MATHEMATICAL STATISTICSIN
SCHOOLSOF KAZAKHSTAN

Abstract

The article discusses various situations and difficulties encountered in the study of elements of probability
theory and mathematical statisticsintegrated into the school mathematics curriculumin Kazakhstan. Therefore,
the insufficient number of necessary methodological manuals based on teaching students the elements of
probahility theory and mathematical statistics, and the insufficient number of hours devoted to studying the
topic, are considered as one of the urgent problems, the goal and waysto solve it are determined. The purpose
of the article was to identify the reasons why students of Kazakhstani meta-subjects could not master the
elements of probability theory and mathematical statistics well enough. A survey of mathematics teachers was
conducted in several schoolsin Almaty and Almaty region, and an analysis of the results of the quarterly work
of students was carried out. The questionnaire questions were compiled through the Google forms platform
and distributed by link to subject teachers. Comparing the results obtained with the experimental works of
foreign authors, it was found that personality-oriented teaching methods are more important in teaching
probability theory and mathematical statistics than traditional teaching. Also, the results of training according
to state mandatory standards and the content of the section "probability and statistics" in the school curriculum
and the numbers of allocated hours are compared with the content of the relevant programs taught in Russia
regions, the numbers of hours. In the fina part, it is concluded that the expected results of teaching elements
of probability theory and mathematical statistics depend not only on the volume of material or the age of the
student, but also on the professional skills of the teacher in his teaching, the methods and techniques used, as
well as on the number of hours allotted, and for the qualitative development of thisdisciplineit is necessary to
use in the process active teaching methods and modern technol ogies.

Keywords: probability theory, mathematical statistics, traditional learning, personality-oriented learning,
random phenomenon, teaching methods, critical thinking

Herisri epexesiep

3eprreyimMizaig uaesachl KazakcTanmarbl SKaumbl OuUTiM  OepeTiH MEKTeN OKYIIbUIAPBIHBIH
MaTeMaTHhka, anreOpa jkoHe aHaiu3 OacTamanapbsl KypCTapbhlHIA Tapay peTiHIE OKBITHLUIATHIH
BIKTUMAJIJIBIKTAP TEOPHSICHI MEH MATEeMaTHKAJBIK CTATHCTHKA JJIEMEHTTEPIH KETKUIIKTI JeHTreiae
MEHTepe aaMaylapbIHbIH ceOemn-cangapiapbiH aHbIkTay. Ocbl ues HeTi3iHae ATMaThl Kalachkl MEH
oOnbiceiHbIH OipHeme JKBb MekTen MyframimaepiHeH anijblH-ajla KyYpacThIpbUIFaH cayajiHama
xyprizinmi. CayamHama HOTHIKEJIEpl MEKTeN OKYIIBUIAPBIHBIH aTaJMBIII Tapaydbl MeEHTrepe
alMayJIapblHbIH 0acTbl ceOenTepiHiH Oipi BIKTUMAJIBIKTAp TEOPUSCHl MEH MaTeMaTHUKaJIbIK
CTaTHCTUKA TapayblHa OOIJIIHTeH caraT CAHBIHBIH >KETKUTIKCi3 eKeHAIriH nonenaeni. Kasakcranma
OeJIiHTeH caraT caHbl MeH Pecell enineri 0eIiHIeH caraT CaHBIH CAJIBICThIPa OTHIPHII, OYJI TapayablH
MeKTeI OaraapiamMachliHIa JKeKe TOH PETiHe OKBIThUIFAHbI IYPHIC ET€H KOPBITHIH/IbIFA KEIK.
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Kipicne

KyHnmenikTi TypMBIC-TIPIIUTIKTEr1 KE3JIEMCOK KYOBUIBICTAPAaFbl 3aHABLIBIKTAPABI 3EpPTTEY/Ie
BIKTUMAJIJIBIKTAp TEOPHICH MEH MaTEMaTHKAJbIK CTaTUCTHKAHBIH alaThlH OpHBI epekiue. Cebeol,
OyJ1 FBUIBIM MEKTEI OKYILIbIIAPbIHBIH ChIHU OWJIay, CTATUCTUKAJIBIK JEPEKTEePAl Tajaay >KOHE IIeHIiM
KaObUIay JardbUIapblH  JaMBITaAbl. OPTYPIi cajajapia BIKTUMAIIBIKTAD TEOPHSCHl MEH
MaTEeMaTHKAJIBIK CTATUCTUKAHBI KOJIJAHY/IbIH aYKbIMABUIBIFBI KYH caHan apTyaa. Coran OalllaHbICThI
OYTiHT1 KYHJE BIKTUMAJJIBIK-CTATHCTUKAIBIK OUTIMICP/l JKaJIbl, OpTa JKOHE JKOFaphl OuTiM Oepy
OarmapiaManapbiHa TOTBIKKAHABI €HT13Yy KaXKETTUIIT TYbIHIA b

MakanaHblH Heri3ri MakcaTbl — MEKTeN OKYIIbUIAPBIHBIH BIKTUMAJABIKTAD TEOPHUSICHl MEH
MaTEMATHKAIBIK CTaTUCTUKA SJIEMEHTTEPIH KETKUTIKTI JeHrelie MeHrepe aJiMayliapblHbIH ceOerr-
caJijapjapbIH aHBIKTAY apKbUIbI O0JIalaKk MaTeMaTHKa MyFaTiMAEPiH Jaspiiay1arbl OJIKbUIBIKTAPAbIH
aJIJIBIH-JTYIBIH THIM/IUIITIH allIbI KOpCeTY )KOHE TEOPHSUTBIK TYPFhIIaH Heri3zaey. Ko xxpuiaap 60iisl
aTaJIMBIII MOCEJIEMEH alHaJIbICKAaH KOPHEKTI FaJbIMIap MEH OIICKepJepliH €HOCKTepiHe CYHEHE
OTBIPHII, OLTiM Oepy cTaHIapThl OOWBIHIIIA MEKTEN OaFJapIaMachIHbIH MAaTEeMAaTHKAIBIK Ma3MYHBIHA
BIKTUMAJIJBIKTAp TEOPHUSCHIHBIH, MAaT€MAaTUKAJIbIK CTATUCTUKAHBIH JKOHE KOMOMHATOPHUKAHBIH
AJIEMEHTTEPIH OKBITYIBIH JOCTYPIl KOHE TYJIFara OarbITTAFaH OKBITY HOTHDKEIEPIHIH THIMII,
THIMCI3 JKaFIalIapblH KapacThIpy.

Oiinay e epeKIe TYPiH KaKeT eTeTiH BIKTUMAJIBIKTBIH KOIl KbIPJIbI KOPIHICI ITOH MyFamiMaepi
MEH OKYIIbUIap YIIIH epeKile MoH Oonbin ecentenexdi. JKaumbl MeKTeNn MyFaliMIepiHiH 0achbiM
KONIILTIriHe OKYIIBUIAPFA BIKTUMAJIBIKTAp TEOPHUSICHl MEH MaTeMAaTHUKaIBIK CTAaTHCTUKAHBIH
AJIEMEHTTEP1 TapayblH TYCIHAIPY KUBIHABIK TYFbI3aabl. OChIHAAN KUBIHABIKTAP/IbIH MICIIIMIH Kanai
TabyFa 00Majabl JeTeH Cypak TybIHAaWabl. TybIHIaFaH CYpaKThIH TOHIPETIHJE KONTETreH IICTENIK
3epTTeylIi-FalbIMAApAbIH €HOEKTEPiH KapacThIpbln, KadeapaHblH Mpodeccop-OKbITYIIbUIAPbIHBIH
KaTBICYBIMEH TaJiayJiap xacaiblHabl. Tanmay GapbIChIHIA aTaIMBIII CYPAaKThIH Keleciiei OipHere
ceOenTepiH HaKTBUIAHIBL: apHaiibl (Ka3aklia) OKy MaTepuajblHbIH OONMaybl; MyFalliMre
OarmapiaHfaH OKBITY; JKac MaMaHJApAblH OUTIMIHIH JKETKUTIKCI3/iri; MyFaliMACpAiH apHaibl
OimiMaepiHiH OOoIMaybl, OKYIIBUIAPJBIH JalbIHABIK JEHTeWiHIH >KOKTBIFBI; OKYIIBUIAPABIH >Kac
EpeKIICIKTepl, OPTYpJl cebenTep/eH TYybIHIaFraH OKYIIBLIAPJBIH TEpiC Ko3Kapachl MEH Kare
TYCIHIKTEPI.

Anaiima, 1meTen FalbIMIAPBIHBIH 3€pTTEyJepiHe CYHEHCEK, BIKTUMAIABIKTAD TEOPHUSCHIH
OKBITYAaFbl KeMIIUTIKTepAiH Tarbl Oip cebebin KOO OKbITymIBUIAPBIHBIH KapamaibiM JocTypii
onmicrieH cabak OepyimeH OaimanbicThIpanbl [1]. MyHpmaii sxarmaiiga cTyaeHTTep OenceHai Ooia
aJIMaFaHIbIKTaH KOCIOM KbI3METKE KEJITeHJIe aTaJIMBIII MOH/A1 OKBbITY KUbIHFa coFajabl. Cos cebenTi
KOFaphl OKY OpBIHIAPBIHAA BIKTUMAIABIKTAD TEOPUSCHI MEH MaTeMaTHKAJIBIK CTaTHCTUKAHBI
OKBITYFa €peKlle Ha3ap ayAapbulybl KakeT. BIKTMManIbIKTap TEOpHsChl MEH MaTeMaTHKaJbIK
CTaTUCTUKAHbI calajbl MEHIePTY YILUIH OKBITY YJEpICiHAE OENCeH/I1 OKBITY SICTEpl MEH 3aMaHayu
TEXHOJIOTUSIAp bl KOJIJIaHyFa Ha3ap ayJapy KaxerT.

MareMaTuKanbIK OKBITY OOMBIHIIIA XaTBIKAPAIBIK KOMUCCHS JKOHE CTaTUCTUKAIIBIK O11iM OepyliH
XaJIbIKApaNIbIK KAaybIMJACTBIFBl JIEMEYIIUTINIMEH OTKEH OipjeckeH 3epTTey KOH(epeHLUsChIHA
KaTbICYIIBl SficKep-riearorrap «MekTenTe cTaTUCTUKanaH cabak OepeTiH MyFaliMIepaiH OuliM
JIeHrei1 )KEeTKUTIKCI3» JIeTeH MmiKipMeH KelickeH [2]. OHbIH cebe0iH CTaTuCTHKA MEKTEeN MaTeMaTHKa
KYPCBIHBIH O1p Oesimineci peTiHje FaHa KapacThlpbuiblid, KOO-1a bIKTUMANIBIKTap TEOPUSCHIMEH
0ipre OKbITBUIATHIH/IBIFBIMEH OaliIaHbICTBIPAAbI. AJl, CTATUCTUKAJIBIK 3€PTTEYIIEP KYPri3yre, 3epTTey
HOTIDKECIHEH aJIbIHFaH TaHJAaMalap/abl TalJayFa HeMece CTATUCTHKAIBIK OaraapiaMalblK KypasIbl
naiananyra apHabl JaWbIHABIK KaKeT [3]. Bynan cTaTuCcTUKaHbI OKBITYFa apHaiibl eJarorukaibIK
OUTIMHIH, KaXeTTUIITiH kepyre 6omaapl. Jemek, XKOO-ma cratucTuka moH1 3 ajjapiHa aepdec MmoH
OonbIl  OKBITBUTYBl THIC. KyHAENIKTI emipre >oHEe MaTeMaTHKaNbIK OuTiMre oTe KaxXer
BIKTHMAJIJIBIKTAP TEOPHSICHIHBIH KYHEINi TYp/ie OKBITBITYBI MEKTEI OKYIIBUIAPBIHBIH OKY YITepiMiHIH
apTybIHA BIKMAIBIH TUTI3E/I].
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blkTuManabIKTap TEOPUSCHIH OKBITYAA apeyMeHmayusivlk OMICTI KONIAHYABIH MaHBI3BI 30D.
SrHM, TOHAI OKBITYJa apryMEHTalMsl TOCUIIH KOJAaHy JOCTYpJ oaicTepre KaparaHiaa Oiaim
aITyIIbLIAPABIH OKY JKETICTIKTEpiH kKoFrapbuiaTaibl [4]. MaTeMaTrka cabakTapbiHIa apryMeHTaIHMsIFa
HETI3/IeNITeH OKBITYABl KOJIJJaHA OTBIPHIIN, OUIIM amyIIbUIapbl 13[IeHyTe, MAceenep/Il TaaKbuiayFa,
KO3KapachlH JoNenaeyae OelICeHIUTIK KopceTyre, ChIHAap bl MemiMaep Kabbuiaayra Kol )KeTKizyre
6omazpl [5]. BIKTHManIbIKTap TEOPHUSICHIH OKBITY/1a apryMEHTAIMSIIBIK 91ICTI THIM/II Maiigaaana oiny
OKYIIBLIAP/IBIH CHIHH TYPFBIJIAH OMJIAYBIH JAMBITYFa €PEKIIe YIIeC KOCaIbI.

blkTuManmbIKTap TEOPHUSACHI MEH MAaTEMaTUKANbIK CTATUCTHUKAHBI OKBITY MEH OKy/a
TEXHOJIOTHSUTBIK KypaJAapbl Haiaagany apKbUibl cabaKThl HEFYPIIBIM KbI3BIKTHI ©TKi3yre 00JIajbl,
OUTKEHI TEXHOJOTHIIBIK Kypajljap OKYyAbl J>KakcapTy YIIIH THIMII CbI30anapisl YCHIHBIIM,
OKYIIIBUTAPMEH Kepi OaiiyiaHbIC jkacayFa MYMKIHIIK Oepeni [6,7].

MekTenTe BIKTUMAJIBIKTAp TCOPUSICH MEH MAaTeMAaTHKAJbIK CTATHCTHKAHBI OKBITYABIH HETI3Ti
Makcamol OKYIIBLUIAPJbl BIKTUMAIJIBIK JKOHE CTAaTHCTHKA YFBIMJIAPBIMEH TAHBICTBHIPY apKbLUIBI
aJIBIHFaH JICPEKTEP/l Talaay KoHe MHTEpIIpeTalusiay KaOlaeTiH JaMbITyFa KOMEKTECY, KYHICIIKTI
TYPMBIC-TIPIIUTIKTE HIemiMIep KaObUiAayFa KaKeTTI MaTeMaTHUKalbIK OUTIMMEH KaMTamachl3 €Ty
6ompin Tabbutagel. Com cebenti, 2000 >kpUABIH OachblHIA emiMizze MeKTen OarjapiaMachiHa
BIKTHMAJJIBIKTAP TEOPUSACHI MEH MAaTeMaTHKAJIBIK CTATUCTHKA O3JEMEHTTepi Tapay OOJIbII
KipikTipinai. MekTenke nediHri TopOue MEH OKBITYIbIH, OacTayblll, HETI3ri OpTa, *ajlbl OpTa,
TEXHHUKAJBIK JKOHE KOCINTIK, OpTa OUTIMHEH KeHiHri O11iM OepyIiH MEeMJICKETTIK JKajlblFa MIHAETTI
CTaHAPTTAphl OOWBIHINA OKBITYIbIH CTAaTHUCTHKA J>KOHE BIKTUMAJJIBIK TCOPHUSICHIHBIH HETI3ri
YFBIMIApbl, KOMOMHATOPHKA €peKesepl, OKUFa BIKTHUMAJIBIFBIHBIH KJIACCUKANIBIK, CTATHCTUKAJIBIK
KOHE TEOMETPHUSIIBIK aHBIKTaMaJIapbl, CTATHCTHKAIBIK JEPEKTEP/Il JKUHAY JKOHE OHJCY OIiCTepi,
JTUCKPETTI KOHE Y3UTicci3 Ke3neicoK mmamanap YFbIMaapbl OolibiHIIA Oiny, TYCiHY, Taiujay,
JKUHAKTay HOTHXKeNepi KyTiemi [8].

Kasipri TaHa CTyIEHTTep MEH OKBITYIIbLIAp YIIiH CHIHU OMJIay JaFIbuIapibl JTaMbITY ©3€KTi
MoceenepIiH OipiHe aifHaJBIN OTBIP. bIKTUMAIIBIKTAp TEOPUSCHIH MEHIEPTY OKYIIBUIAPIBIH ChIHA
TYpFBIIAaH OWJAayblH JaMbITyFa epekie yiec Kocaapl. KemnrereH TaHbIMan —FajbIMIap
BIKTUMAQJIJIBIKTAP TEOPHUSACHIHBIH  TalChIpMajapbl OKYIIBUIAPJBIH CBHIHU TYPFBIAH  Oiliay,
13/IeHIMIIA3IBIK CUSIKTHI JaFblIapbIH KAIBINTACTBIPATHIHIBIFBIH aHbIKTaFaH [9,10].

Mpicanbl, KOMOMHATOPHUKAa MEH TOJIBIK BIKTUMAJABIKTAp (OpMysachl TaKbIphINITapblHAa OEplIreH
TarnchIpManap KypJelni JIOTUKAJIbIK OalinaHbIcTap/bl TYCIHYl, OepUIreH KaFaasTTapAbl Tauaay/bl
OHE THIIOTEe3aJIap bl YCHIHY/IBI TAJIAIl €Te/li, COHBIMEH KaTap i3/1ey, Tajiay, CHHTE3/CY, OHJICY KIHE
YCBIHY CUSKTHI JaFAbUIAPbIH KOJAaHYFa MYMKIHIIK Oepeai. An MyHaai Jarapliap Kas3ipri e3repmenti
KoFamjia emip cypy yuriH ete KaxeT. Con ceGenTi, o3/iriHeH OUTIM allyFa, ajaFad OUTIMIH ©MIpIIIK
KarJasTTapra coiikec KojjaHa Oinyre, 6ocekere KaOieTTi TYIFaHbI KABIITACTHIPY MEH JaMbITy/a
BIKTUMAIJIBIKTAP TEOPUSICHIHBIH MAaHBI3bI 30 JKOHE OTE KaXKET.

3epTTey dmicHaMachl

MewmnekeTTik kanmbira Oipaeit OimiM Oepy cTaHmapThl OOWBIHINA HETI3TI opTa OuliM Oepy
neHreiiniy 7-11-ceiapimTapbiHa apHanFad «Anredpay, «Anredpa xoHe aHaIu3 OacTamaliapel» OKY
nmoHAepi OoWbIHIIA YITUTIK OKy OaFjapiaMachlH ICKe achlpy »JKOHIHJAEri Y3aK Mep3iMai
xocrapblHAarbl «bIKTUMaNIbIK XKoHE CTaTUCTHKA» 06JiMi OOMBIHIA €HTI3UITeH TaKbIPhIITap MEH
OeJIIHTeH caraT caHJapbIH KapacThIPCAK JKaJIbl 6-ChIHBINTA 6 carar, /-ChIHBINTA 5 cararT, 8-ChHIHBINTA
8 carart, 9 ceiabinTa 18 carar, 10-ceiabinTa 26 carar, 11 ceiabintap yuris 11 carat kaHa GeiHIeH I H
kepyre 6omazsl [11].

An Peceit ®enepanusceinga 2023 KbUIIBIH OKY JKbUIBIHAH OacTanm MeMJIEKETTIK OuliM Oepy
CTaHJapTTapblHA EHTi3UIreH eo3repicrepre coiikec 7—11 ceHbITapaa «blkTUManapK koHE
CTaTUCTHKa» KypChl JK€Ke MoH peTiHAe OKbIThuIanbl [9]. byn kypc «/lepextepii yChbIHY >KoHE
cUmarTaMaiblK cTaTUcTHKay, «blkrumanapik», «KomOunatopuka »snementrepi», «I['padtap
TEOPHSCHIHA KipicTie» OemiMAepIHeH TYPaibl. Byl ToH op OKY JKBIIBIH/IA alTachlHA | CHIHBIT CaFaThIH
aylaJpl, Op CHIHBITI OOMBIHIIA KbUTbIHA KeMiHe 35 carat OemiHreH [12].
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byn nperenimiz Kazakcranga OiuniM — amymisUIapAblH — BIKTUMATABIKTAD TEOPHSICHL  MEH
MaTeMaTUKaJIBIK CTaTUCTHUKA JIEMEHTTEPIH JKETKUTIKTI JIEHIeie MEHIepe aiMayapblHa OKeJIeTiH
cebenrepin Oipi aemn aiityra 6onaapl. OckiHaal cebenTep i HaKThIIay MaKcaThiHa KasakcTanmarsl
AnMaThl Kajackl JKOHE AJIMaThl OOJIBICBIHBIH OipHEIIe MEKTENTepiHIH MaTeMaThKa IOHIHIH
MYFaTiMJIEpiHEH BIKTUMAIABIKTAD TEOPUSICHI MEH MATEMATHKAIBIK CTATUCTHKA DJIEMEHTTEPIiH
OKBITYJIa KE3JIeCEeTIH KHBIHIBIKTAP >XOHE OHBIH ceOenTepiHe HETI3ACIIHIeH cayajlHaMa aJJIbIK.
ConbpIiMeH Karap, AJIMaThl KalachIHBIH Xaiumbl OiiM Oeperin exi mekTtenteH 10 «A» xoHe «b»
CBIHBINITAPBIHAH 42 OKYIIbI KATHICTHI.

CayanHaMa Kenecijiei cypakrapad TYPAbl: Ci3 BIKTUMAIIBIKTAD TEOPUSICHl MEH MaTeMaTHKAIIBIK
CTaTHCTHKA AJIEMEHTTEPIH OKBITY/a KaH/1all KHBIHABIKTAPIbI HEMECe Mocelleiep/Ii aTar oTep eaiHi3?
Ochbl KUBIHIBIKTAPABl HEMece MoceNeNiepAl IIenry YIIH KaHaal KeHec Oepep emiHiz? koHE T.O.
Monimertepai skuHay yiniH cayanHama «Google forms» mmardopmacsl apKbUTbl  MEKTETl
MyFalliMJIepiHe TapaThUIabl. MyFamimaepre cayalHaMaHbIH €pIKTI TypJlie Xayan OepylepiHe jKOHEe
OHJIa KYTVSUTBIK TOJBIKTAH CaKTaIaThIHIABIFBI CCKEPTUIII.

3eprTey HITHAKETEPi

MekTen MaTeMaTHKa MYFaIIMJICPIHEH albIHFAH cayajTHaMaHbIH 0ACThl CypaFrbl bIKTHMAJIBIKTap
TEOPUSACHI MEH MaTeMATHKAJIBIK CTATUCTUKAHBI OKBITYAAa KE3JE€CETIH KUBIHIBIKTapbl aHBIKTAY
OonaTeiH. MyFranmiMaepaiH 0ackiM Kenminiri, sFHU 37 %-bl OOJIIHIEH CaFaT CaHBIHBIH a3/bIFbIH, 26
%-bI TaniceIpMaNApABIH KypaeniririMeH, 16 %-bI Ka3ak TUTIHACTI OKY KYpPalJapblHbIH a3IbIFBIMEH
OaitnmanbICTRIpABL. 21 %-blI emKaHaail KUBIHABIKCHI3 cabak >Kyprizyre 60aabl el xkayan Oepi.

MekTen MaTeMaTHKa MyFaliMJIepiHeH aJIbIHFaH cayaJHAMaHBIH €KIHII CYpaFbl BIKTHMAJIBIKTap
TEOPHUSICHl MEH MaTeMAaTUKAIBIK CTATHCTUKAHBI OKBITYIAFbl THIMII OiC-TOCUIAEPi aHBIKTAY.
CayanHamara KaTbICKaH MyralmiMaepaiH 47%-bl TyiFara OaFbITTalfaH OKBITY dmictepni, 26%-bl
OKBITYJIbI OMIPJIIK JKaFAaaTTapMeH OalmanblCThIpy b, 11%-b1 BU3yanasl aaictepai, 11%-b1 goctypii
omicrepai, 5%-bl MHTEPAKTUBTI SICTEPII THIM/IL e caHan el ([uarpamma 1).

Mexmen mamemamuka myeanimoepineH alblHeaAH CayaInama Kepcemkiumepi

45%
40% 37%

35%

30% 26% ‘ 26%
25% 21%
20% 16% ‘
15% ‘ ; | 11% 11%
10% l | | 5%
o m -
0% . aE = .
v\@ &&\ @"\\x *OQ« 0/\‘ZQ\ @QA '\éqfe '&@Q < ,\Q,Q
o ) X NS N N Na e e
> 3 R & 2 2 K 2 2
& & & N Q R & 2 3
3 Q™ ? 0 o N N Q N
D S & S & @ 2 & o
& & & Q"b\b & & o &
> \ .0 N & = &
/bg éb & @ .(ﬂlb Q W
Q‘(J ~<>\Q . Q&% @\9 & \®®
. \Q$® ) ,\\\\\ 62’ \Q‘?
& * 3 & S
© & & &
RS Q&

Cypem 1. Mexmen mamemamuxa noHi My2animOepiniy cayaiHama Hamudicerepiniy ouaepammacsol

An, Tyrrara OarpITTanFad OKpITy OoiibraIIa W = 0,9505, p = 0,323. ManeiasuIslK MoHI 0,05-TeH
xorapbl Oonapl. Jlemek, Oyl €Ki TONTarbl OKYIIBUIAPILIH Ja OaKkplIay HOTHXKENEepl KaIbIIThI
yaectipureHairia outmipeai. Exi TaHmamMa 1ga KaimbIIThl YIECTIPUITEHAIKTEH, €Ki TONTHIH yrai
allBIpMAIIBUIBIKTAPBIH Talgayaa t-TecT KpuTepHiii apKbUIbI )KMHAFaH YIAWIapbl CadbICTHIPBUIIBL.
TecTTiH HoTHXKeNepl alTapiIbIKTal alfblpMAIIbUTBIKTBl KOPCETTI.
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Hoactypai omic OoiibiHmma okeiran Tonta: M = 12,9, SD = 2,22; an Tynrara OarbITTalFaH OKBITY
ooipianIa; M = 14,59, D = 1,59.

AWBIpMambIIBIKTBIH 95 % cenimuinik uaTepBaisl (— 2,89, — 0,49), t = — 2,85377, p = 0,003406.
Hormxkecinme p < 0,01 OonFaHIbIKTaH TyJIFara OaFbITTalIFAaH OKBITY OIICTEPiH KOJIJIAHFAH TOII
OKYIIBUIAPBI JOCTYPJIi OKBITY OOWBIHIIA OKbIFAH TONKA KaparaHJa alTapibIKTal >KOFapbl Oat
KUHAJBI, Oy/IaH TYJIFara OarbITTaJFaH OKBITY OICTEPl OKYIIBLIAPBIH BIKTUMAIABIKTAP TEOPHSCHI
MEH MaTeMaTHKAJIbIK CTATUCTUKAHBIH JIEMEHTTEPIH OKBITYAA OH dCEPiH TUTI3ETIHIITIH KOpy KUBbIH
emec ([uarpamma 2).

blxkmumanowix 6enimi 6otivinuia B)KB nomuoicenepi
25

20
15
10

5 2,22

1,59 05 034
0 . .
Mean SD SEM N
B [lactypAi TYpAe OKblFaH Ton B Ty/nfafa HerisAenreH okbITy 6oMbIHLIA OKbIFaH TOM
Cypem 2. bIkmumanowix 6enim botivinuia PES Hamudicenepiniy ouazpammacsi
Juckyccust

Kazakcran men Peceii eninyieri MemiekeTTik Ou1iM Oepy cTaHIapTTapbliH CalbICThIPA OTHIPHII, 91
cayaJHaMmara KaThICKaH MyFaJiIMICp/iH IMKipiH €CKepcek, Oyl cayiara Oi3/iH ejie caraT caHbl a3
Oeminred. OKymbulaplaH TMOH OOWBIHIIA KYTUIETIH HOTHXKEre KOJ JKeTKI3yiMi3  YIIiH
BIKTHMAJIJIBIKTAap TEOPHUSICHl MEH MaTeMaTHKAIBIK CTATUCTUKAHBIH KYPChIH MEKTET OarapiaMachiHa
KEKe TIOH PETIH/IE eHTI31IreH1 AYPhIC.

CayanHama HOTHIXKeJepiHEe CyHeHeTiH 00JIcaK, MEKTEI MyFaliMIepiHiH 0achIM KOIIIUIIr TyJIFaFa
OarbITTAJIFaH OKBITY 9icTepiH MakyigaraH. COHFbI XKbUIAPhI ME1aroruKalblK FhUIbIMAA O11iM Oepy
MapaJurMachblHbIH O/ICHAMAJBIK TMPUHIUIL pETIHAE TYJFara OarbITTaJFaH OKBITY KaJbIITAaChIIT
keneni. Ce6eOi, 611iM OepyIiHiH MiHAETI Jkall FaHa Ou1iM, OUTIK, 1aFIbIHBI Oepy FaHa eMec, COHBIMEH
KaTap ChIHBINTAFbI 9pO1p OKYIIBIHBIH €PEKIIENIKTEePiH, KAKETTUTIKTEPIH €CKEPE OTHIPHII, OHbIH O111M
aJly MPOLECIH/IE KaH-KaKThl JaMYbIH JKY3€Tre achlpy OOJIbII TaObLIAIBbI.

XKanaptouiran OinimM Oepy asicelHIa OUTIM Oepy YAEpICiHIH KYpbUIbIMBI MEH Ma3MYHbIHA €Jeyill
e3repicTep eHrizilyine 6alIaHbICThI JOCTYPIl OKY KOCIAPbIHBIH TOCUIIEPIH OKYIIbIFa OaFbITTaNIFaH
OKBITYMEH aJIMacCTBIPBLIY YCHIHBUIABL. OHJaFrbl 0aCThl MaKcaT — OKYILIBUIAP/AbIH ©3/ITHEH OUTIM amy
JaFAbUIapbIH KaNbIITAacThIpy. TysiFara OaFbpITTalFaH OKBITY — MYFaliMIEep MEH OKYIIbUIAPbIH
BIHTBIMAKTACTBIFbIHA HET13/ICJITEH, OJIAPJBIH OKY MPOIECIHICTI OCJICEHAUNIIH apTTHIPHIN, CaHAJBI
KO3KapachlH KaJIBINTACTBIPAThIH TOINTACKaH OKBITY Tacimi. Eki-TepT MyleaeH TyparbiH Tom Oip-
OipiHe KOoJ/1ay KOpCEeTill, bIHTAJIaH IbIPBII, KOMEKTECII, Oipre TOMTHIK XKYMbIC xacaiiisr [13].

binim Oepy mpolieciHe TONTHIK >KYMBIC OKYIIBUIAPABIH OUTIM JEHTeiH aiTapiblKTai
XKakcapTanasl. JleMeKk, BIKTUMAJIBIKTap TEOPUSCHIH OKBITYAA KYpIENi TancChIpManapiabl IIeNryre
OarpITTaIFaH O1PJIECKEH KYMBIC OKYIIBIHBIH TAHBIMIBIK OCJICEH/IUTITIH JKOFapiiaTtaabl. SIFHU, TYJIFara
OarbITTaJIFaH OKBITY 9iC1 JOCTYpII 9/licke KaparaHaa TuiMaipek. COHIBIKTaH MaTeMaTHKaAaH cabaK
OepeTiH MyFalmiMAep [JSCTYpJal OKBITY OICTepiH TyJIFara OarbITTaJfaH OKBITY oicTepiHe
IIMaCTBIPYBl KakKeT. OWTKeHi, MYFaTIMIEpAiH OKBITY MPOIECIHAETi KOJJAaHAThIH OAiC-TICIIAepi
OKYIIBLIAPJBIH O1IM KOPCETKIIITEPiH apTThIpyFa MOHE IOHre JEereH KOe3KapachblH e3repTyie
MAaHBI3IbI OOJIBIIT TAOBIIABL.
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blkTuManabIKTap TEOPHUSACHI SPTYPJIL AUArpamMmanap MeH rpa@uKTeplIeH TYPATHIHABIKTaH OHBI
OKBITYJIa KOpPHEKI KypaljapiablH THiMaunri sxkorapel. Ce0ebi,  kecrtenep, «OyTakTap» MeH
Jararpammanap, OibIH CyHeri CUSKThI KOPHEKUTIKTEp OKYLIbUIAPFa €Cell MIbIFapy OapbIChIHAa MYMKIH
Karaimapapl xoHe apOip *KarIaiIbIH bIKTUMAIIBIFBIH JKAaKChl TYCiHyTe bIKMai etesi. Oub Michael
Zorzos, Evgenios Avgerinos e3 3epTTeyiiepine AJeIAe, BU3yaTu3alis bIKTUMAJIBIKTAP bl OKBITY
MEH OKY YIIiH TamaIia Kypai 00Jiajipl IereH KOPbIThIHAbIFa KenreH [ 14]. JleMek, bIKTUMaIBIKTap bl
OKBITY/Ia OPTYPJAl KOPHEKUIIKTEpHi MaianaHy OKYIIBUIAPABIH JIOTUKAIBIK Oiiay IarablaapblH
apTTHIPAIbIL.

KopsIThIHABI

KopeIThIHIBUIAN KEJIe, KYH CalbIH ©3repil )KaTKaH KOFaMJla eMip cypyre OeiliM, e3/irineH OiaimM
alyFa, ayraH OLTIMIH eMIipJIiK KaFJasTTapra colikec KonnaHa oOiumyre, 6ocekere KaOiIeTTi TYJIFaHbI
KAJIBIIITACTBIPy MEH JaMbITyJa BIKTUMAJABIKTAD TEOPUACHl MEH MaTeMaTHKaJbIK CTaTUCTUKAHBIH
MaHbBI3bI 30p. byn camaHbl OKBITY Kejeci eki OuriM Oepy MakcaTbiHa OaFbITTAIYBl KaKeT:
KE3eMCOKTBIK Typajibl ChIHU OWJIAyJbl JAMBITY; TEOPHUSUIBIK OUTIMIEPIH MPAKTHKA JKY31HIE eMipie
KOJ/1aHa O1ry.

Matematuka TIOHIH OKBITY OapbIChiHIa (DYHKIHMOHAIIBIK CAyaTTBUIBIKTBI KaJIBIITACTHIPY
MakcaTbIiH/a OUTiM allymIblIapFa UTEePUIreH MaTeMaTUKAIBIK OuliM, OUTIK, ecenTey, eey jKoHe
rpadUKTIK JaFaplIapbl NaiiaanaHbll MpakTUKaFra OarbITTaIFaH TarchblpMaap/sl MIeny e, Joesl
TYpJe MabIMAAY JKYPri3y, TAIKbUIAYFa KATHICY YKOHE JIOTUKAJIBIK TYPFbIIa KOPBITHIHIBLIAP Kacaid
0111y, MaTEMaTHKAJIBIK MOTIHMEH JKYMBIC jKacay 1CKepIIKTepiH YHPeTyie bIKTUMAIIBIKTAP TEOPHSICHI
MEH MAaTEeMaTUKAJBIK CTATHCTHKAHBIH ajaThiH OpHBI epekmie. Con cebenti Oy MOHHIH MEKTel
OargapiaMachiHAa *KEKe MOH PETiHEe OKBIThIIFaHbI TYPHIC.

MaTeMaTHKaJIbIK CTaTHCTUKA OICTEepl FHUIBIMAApAA KEHIHCH KOJIJIAaHBLUTYybIHA OailIaHbICTHI
3epTTey HOTHXKENEPiH CTATUCTUKAIBIK OHICY JIEMEHTTEPIH OKBITY OTe maiigansl. Ocbl MaKcaTTapra
KETy VIIH OKyIIbUIapFa MaTeMaTHKAa KYpPCHIHIAFbl BIKTUMAJJIBIKTAD TCOPHUSCHI  JKOHE
MaTeMaTHKANBIK CTATUCTHKA OomiMaepiH keHelTy kepek. A JKOO-na ctaTucTrKa 03 anjibiHa aepoec
IIOH OOJIBIN OKBITHUTY THiC. KenTereH Mekren mareMaTHKa MyFaidiMaepl 9JETT€ TE€K TEOPHSUIIbIK
(MaTeMaTUKaNblK) CTAaTUCTHKA MEH BIKTUMAJIBIKTAD TEOPUSICHIH OKBITAAbl. bIKTMManablK meH
CTAaTHCTUKAHBI OKBITY KE3iHJEC KYTUICTIH HOTHXKENep TEeK OKY JKachlHa HeMece MaTephaIbIH
KeJIeMiHe FaHa eMec, COHBIMEH KaTap OKBITY TOClUIiHE Jie KaThICThI eKeH i1 co3ci3. COHbIMEH KaTap,
CTATUCTUKAHBl  OKBITYIIBIH HErI3rl MakcaThl OKYIIBUIAPJBIH  CTAaTHUCTHUKAIBIK  OICTEPAiH
MEXaHHMKAChlH FaHa €MeC, CTaTHCTUKANBIK MalbIMAaylapFa HETi3eNTeH YFhIMIapAbl MEHrepyiH
KaMTaMachl3 eTy Kepek.

KopbITbiHbLTaM Kene, OyIT canaHbl OKBITYABIH THIMI 9/1iC-TACIIIEPIHE epeKIlie Ha3ap ayAapbLTybl
KaxkeT. Cebell, OKyIIbUIApAbIH MaTeMaTHUKaHbl MEHrepyiHe MYFaliMHIH KOJIJIJAaHFaH OKBITY 9[icCl
yikeH acep ereni. COHABIKTaH, BIKTUMAIIBIK MeH CTATUCTHKAIBIK YFBIMAAPAbI YCHIHBIM, OJap/IbIH
KOJIJIAaHBUTYBIH KOPCETII KaHa KOWMaid, OHBIH MaFbIHACHIH, KOJIJIAHBICHIH TYCIHIIPII, OKYIIBUIAPIBIH
TYHCIKTEPIiH TYPBIC KATBIMTACTHIPHIIN, CBIHU OiJIaylapblH JAMBITYFa bIKIAT €Ty MaHbI3/IbI.
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MATHEMATICAL MODELING AND DATA PROCESSING IN PYTHON

Abstract

The advent of mathematical modeling has significantly impacted various aspects of peopl€'s lives and has
contributed to advancements in civilization and the exploration of new frontiers. Scientific modeling is a
fundamental component of modern research, offering a method for both qualitative and quantitative
representation of processes, phenomena, or objects through numerical models. These models are devel oped
using mathematical tools that effectively capture the essence of the real-world processes, phenomena, or
objects being studied. A thorough examination of the history and application scope of mathematical modeling
revealsits profound influence in simplifying human life and addressing pressing challenges faced by humanity.
This includes an exploration of both the benefits and limitations associated with scientific modeling.
Additionally, this study delves into the utilization of computer programs, particularly Python, for simulating
physical phenomena. Thiswork encompasses various aspects of scientific modeling, ranging fromits historical
originsto the classification of numerical modeling techniques and models. Practical experiments on modeling
free harmonic motions, such as second-order thermal conductivity, using Python's scientific packages with the
capability to manipulate input data are also presented. Through these endeavors, valuable insights into the
intricacies of mathematical modeling and its practical applications are gained.

Keywords: python, computer mathematics programs, mathematical apparatus, mathematical model,
mathematical modeling, heat equation, sweep method, fractional steps method, data processing.
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PYTHON TUIIHAE MATEMATUKAJIBIK MOJIEJIB/IEY KOHE JEPEKTEP/I OH/IEY

Anoamna

MareMaTHKaJbIK MOAENBIACYAIH Maiiaa Oomybl agaMaap eMipiHiH opTYpili acHeKTiiepiHe arTapibIKTai
acep eTTi KoHE OPKEHUETTIH JJaMybIHA JKOHE JKaHa [IieKapaliap/IbIH JaMybIHa yiiec KOCcThl. FBUIbIMU MoJIebIey
CaHIBIK MOJEIBIEP apKbUIbl MPOLECTEpi, KYObUIBICTApAbl HeMece OOBEKTUIepl camaibl JKOHE CaHIBIK
OeliHeney oficiH YCBIHATBIH 3aMaHayHW 3epTTeyJepAiH Herisri Kypamaac Oesiri Oomibin Tadbutambl. by
MOJIEIbICP 3ePTTEICTIH MPOICCTEP/IiH, KYOBLIBICTAPIbIH HEMECE HAKThI JIeM O0BbEKTUICPiHIH MOHIH THIMII
KOpPCETeTiH MaTeMaTHUKANBIK Kypaiap/ibl KOJJaHy apKbLIbl jKacalajabl. MaTeMaTHKaJblK MOJENbACY iH
TapyuXxbl MEH KOJJAHbUTY asCBIH MYKHUAT 3€pTTEY OHBIH a/1aM OMIpiH XKEHUIETYTe oHe ajgaM3aT allAbIHIa
TypraH ©3eKTiI MaceJeliepil IICHIyre TEPeH ocepiH KepceTeldi. By FeIIBIMH MOJCNbICYre OaitlaHBICThI
apTHIKIIBUIBIKTAp MEH IeKTeylepiai 3epTreydi KamTtuisl. COHBIMEH Karap, Oyl 3epTTey (U3UKAIIBIK
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KYOBUTBICTapAbl MOJENBJCY YIIIH KOMIIBIOTEpINIK MporpaMManapisl, atan adTkanga Python -. xommanyra
OarpITTanFaH. by JKyMBIC FBUTBIMA MOJENBACYIIH OPTYpPJl acmeKTUIepiH KaMTHIBI, OHBIH TapuXu
OactaymapblHaH OacTam caHIBIK MOJENbACY oficTepi MeH MoJenbAepiH xikreyre aedin. Kipicrepai
MaHHUIyJSHsAIay MYMKiHAiri Oap Python FeUIBIME MakeTTepiH KoJJaHa OTBIPBIN, EKiHIII PETTi KBLIY
OTKI3TIITIK CHAKTHl €pPKiH TapMOHHMKANBIK KO3FANBICTAPIbl MOJENbIEYre apHaJIFaH MPaKTHKAIBIK
HKCTIEPUMEHTTED e YChIHBIIFaH. OChI KYII-KITep/iH apKachlH/Ia MaTeMaTHKAJIBIK MOJICIBACYIIH KbIP-CHIPHI
YKOHE OHBIH MPAKTHKAJIBIK KOJAAHBLTYBI TYpajbl KYHABI akmapaT aiyFa Oomazpl.

Tyiiin ce3nep: python, KOMIBIOTEpIIK MaTeMaTHKAJBIK MporpamMmalap, MaTeMaTHKaIbIK almapar,
MaTEeMaTHKAIIBIK MO/JIENIb, MATEMATHKAIBIK MOJIENbILY, KbUTY OTKI3TIIITIK TeHJeYl, CHITBIPY 9ici, Oemek
KaJlaM 9JIici, IEPEKTEePl OHJIeY.

I'. Anxanosa?, C. XXy36aes?, A. Baiikonsic®, E. [Tepue6aes?
1Alikhan Bokeikhan University, r. Cemeii, Kazaxcran,
2Eppasuiickuii HaMOHAIbHBIN yHuBepcuTeT nMenn JI.H. 'ymunesa, r. Actana, Kazaxcran,
®Kasaxckuii HAlMOHAIBHBIN IEIarOrMYeCKMi YHUBEpCUTET UMeHH AGas, T. Anmatel, Kazaxcraw,
“lOxkn0-Kaszaxcranckuii yausepeuteT um. M.Ays30Ba, T. IllsiMkenT, Kazaxcran,
MATEMATHYECKOE MOJAEJIMPOBAHUE U OBPABOTKA JJAHHBIX HA SA3BIKE PYTHON

AnHomayus

[TosiBneHne MaTeMaTUYECKOTO MOJCTUPOBAHMS CYIICCTBEHHO TOBIUSIO HAa Pa3IUYHBIC ACTICKTHI KU3HU
JIOJEH W BHECIO CBOW BKJIAJ B pa3BUTHE IMBWIW3AllMM W OCBOCHHE HOBBIX pyOexkei. HayuHoe
MOJIETTPOBaHUE SIBIIETCS (yHIaMEHTaIbHBIM KOMIIOHEHTOM COBPEMEHHBIX UCCIIEIOBAHUH, TIPeIIarast METO.T
KaK KaueCTBEHHOTO, TaK M KOJIMYECTBEHHOTO MTPE/ICTABIICHHUS IPOIIECCOB, SBICHUN HITH OOBEKTOB C TIOMOIIBIO
YUCICHHBIX MOJIECH. DT MOl pa3pabaThIBAIOTCS C UCIOJIh30BAHHEM MATEMaTHYECKHX MHCTPYMEHTOB,
KOTOpBIe YP(HEKTUBHO OTPAKAIOT CYTh M3y4aeMBIX IIPOIIECCOB, SBICHUI WM OOBEKTOB PEANLHOTO MHUpA.
TrarenpHOE M3y4YeHNE UCTOPUU U Cepbl TPUMEHEHUS] MAaTEMATHYECKOTO MOJIEIMPOBAHHUS ITOKA3hIBAET €ro
NIyOOKOEe BIMSHUE Ha YIPOIICHHE >XU3HU 4YEJOBEKa M PEIICHUE HACYIIHBIX MPOoOJIeM, ¢ KOTOPBIMHU
CTAJIKMBAETCS YEIOBEYECTBO. JTO BKIIIOYACT B CEOs M3ydYCHHE KaK MPEHMYILNECTB, TaK M OTPAHHYCHUIA,
CBSI3aHHBIX C HAYYHBIM MOJEIHpoBaHWeM. Kpome TOro, 3TO HCCiemnoBaHHE MOCBAIIEHO HCIIOIB30BAHUIO
KOMITBIOTEPHBIX TIpOrpaMM, B dacTHOCTH Python, mms momenmupoBanus dusndeckux siBieHwii. Jta pabora
OXBaThIBACT PA3JIMYHBIE ACTEKThl HAYYHOTO MOJCIMPOBAHUS, HAUMHAS C €r0 MCTOPHUYECKUX HCTOKOB H
3aKaHuYMBas Kiaccu(ukanyued MeTOJOB M MOJEJNeil YHCIEHHOrO MOJENHPOBaHUsA. Takke MpeiCcTaBlIeHBI
MPAKTUYECKHE SKCIIEPUMEHTHI 110 MOAETHUPOBAHUIO CBOOOJHBIX TapMOHHYECKUX JBIDKEHUH, TaKMX Kak
TEIUTONPOBOIHOCTE BTOPOTO TMOPSAAKA, C HCIOJb30BAaHWEM HAydHBIX MakeTtoB Python c¢ Bo3MoxHOCTBIO
MaHUTYJIMPOBAHHS BXOAHBIMHU JaHHBIMU. braronaps 3TUM yCHIIHSAM MOXHO TIOJTYYHTh [IEHHYIO HH()OPMAITUIO
0 TOHKOCTSIX MaTEMATHYECKOTO MOJICTUPOBAHHS U €T0 MPAKTUIECKOM IPUMEHEHHH.

KiroueBble ciioBa: Python, KOMIBIOTEPHBIE MaTeMaTHYeCcKUe MPOrpaMMbl, MaTEMAaTHUECKHI ammapar,
MaTeMaThdeckas MOJeNh, MAaTeMaTUYeCKOe MOCIMPOBAaHUE, YPAaBHEHHE TEIUIOMPOBOJHOCTH, METOT
pa3BepTKH, METOJT APOOHBIX MIAr0B, 00padOTKA JaHHBIX.

Main provisions

In this study, two numerical methods - specifically the tridiagonal matrix method (a variant of the
sweep method) and the fractional steps method - were evaluated for their efficiency in solving a heat
equation represented by a partial differential equation. The research demonstrated that the fractional
steps method required significantly fewer iterations (98 iterations) compared to the tridiagona matrix
method (2571 iterations) to achieve convergence. Therefore, it concluded that the fractional steps
method is faster and more efficient, making it a preferable choice for numerical simulations,
especially when computational efficiency is a priority. Additionally, the study calls for further
refinement and integration of advanced techniques, such as machinelearning, with the fractional steps
method to improve its performance.

Introduction
The emergence of mathematical modeling during the 20th century was a significant discovery that
revolutionized various fields. The understanding of mathematical modeling began to take shape in
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the late 19th and early 20th centuries, with the works of mathematicians R. Fréchet and D. Hilbert.
They introduced new perspectives on proximity in mathematics, such as metric and Hilbert spaces,
which laid the foundations for modern mathematical modeling.

These developments led to the formation of new methods in computationa mathematics and
provided the necessary theoretical groundwork for mathematica modeling. One of the key
contributions was the concept of integral identities in mathematical physics, as well as the finite
element approach proposed by R. Courant. Thefinite element method became the basisfor variational
and projection difference methods used to solve problems in mathematical physics.

Russian scientists A.A. Samarsky and O.M. Belotserkovsky played asignificant role in advancing
the idea of mathematical modeling. Their contributions helped shape the field and further enhance
the effectiveness of mathematical models.

Mathematical modeling has had a profound impact on civilization, contributing to the
achievements of various disciplines. It has played a fundamental role in the revolution of physicsin
the 19th and 20th centuries, allowing for adeeper understanding of natural phenomenaand facilitating
technological advancements. It is important to note that mathematical modeling has made a huge
contribution to the achievements of civilization, as well as the revolution in physics in the 19th and
20th centuries [1].

There areinstances where possessing an object isfeasible, yet its utilization could incur significant
expenses or even result in grave calamities. In such scenarios, the researcher's objective is to
formulate amodel of the original object, thus foreseeing the characteristics and conduct of the object
during its application.

The development of an accurate model necessitates a profound understanding of the object slated
for modeling. Occasionally, it is contended that a mathematician devoid of familiarity with the object
in question can create amodel, as can a specialist well-versed in the object but lacking mathematical
comprehension. However, it remains crucia to recognize that proficiency in mathematical modeling
demands expertise not solely in mathematical model s but also in the object being modeled. Moreover,
it is important to remember that to achieve success in mathematica modeling, you need to have
knowledge not Mathematical modeling encompasses the process of devising and anayzing
mathematical models that encapsulate real-world processes and phenomena using mathematical
modeling programs or packages. Furthermore, mathematical modeling constitutes an indispensable
component of scientific and technological advancement [2].

Contemporary mathematics boasts an extensive array of powerful research tools. When
constructing a model, the pertinent parameters and details of the subject under examination are
incorporated, which some believe contain the requisite information about the object, while others
view them as facilitating mathematical formalization. Understanding the method of mathematical
modeling is imperative to comprehend the modeling process. But it is also necessary to understand
what a mathematical modeling method isin order to understand how modeling is carried out [3].

Mathematical model that reflects knowledge in the proposed field of software [4].

Related to the field of engineering knowledge or various sections of artificial intelligence as a
scientific discipline [5].

A mathematical model is areflection of expertise in the respective domain of software. It pertains
to the realm of engineering knowledge or various branches of artificial intelligence as a scientific
discipline. Emphasis is placed on the recommendation to conduct modeling not solely through
laborious programming efforts but rather by transforming modern insights into aformat conducive to
human comprehension.

It is emphasized that it is advisable to carry out not due to time-consuming programming, but due
to the introduction of modern data of revelation into aform convenient for a person [6].

Resear ch methodology
Materials and research methodologies. Various methods can be employed for mathematical
modeling of physical phenomena, such asthe sweep method, explicit method, fractional step method,
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Jacobi method, Gauss-Seidel method, among others. In this article, we will delve into two methods
for solving a single physical equation and compare their efficacy. Gauss-Seidel method, and so on.
In the same article we will touch on two methods for one physical equation and compare them [7].

ou 0%u N 0%u "
ot  0x2  0y? 1)
where u(x,y, t) — function, a d — partial differential.

Tridiagonal matrix method:

Tridiagonal matrix method: This method is a variant of the sequential elimination method for
solving unknowns. The sweep method, a special case of the Gauss method, is utilized to solve systems
of linear equations represented by Ax = B, where A is atridiagonal matrix. A tridiagonal matrix is
characterized by zerosin al positions except the main diagonal and its adjacent elements. The sweep
method comprises two stages: forward sweep and backward sweep. During thefirst stage, the running
coefficients are determined, while the unknown variables x are computed during the second stage. At
each stage, the latest calculated values of the values are used [8].

Let's discretize the af orementioned equation:
n+l _ . n n+1 __ 2un+1 + un+1

4

i U Ujpq i-1
= 2)

At Ax?

u

where i —isasweep across the plate and 0 ((4x?2), (4t)) — approximation error.

Python is one of the most widely used programming languages, and according to the PYPL
(popularity of programming languages) index, it is the most popular in the world [9]. At the same
time, Python has al the functionality of other languages and even more [10]. Derivation of this
formulain program code. Below is the output of the formulain the program codein Figure 1.

=
&

] Lyi
Y L v Ard 1 e T F1-7vat PAT T ol [5_TT (416§ e d T 2 peyTE
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Figure 1. Re-check data by the loop

In this context, a while loop is employed to re-evaluate the maximum value data with an error
threshold, typically set at 0.00001 for our purposes.

Figure 2 following this, a for loop is utilized to track the final iteration, determining the total
number of completed iterations.

fd.,nk:

j in ramgedil.nl:

(maxi<abasinewplli [1)-0ldp 21012111}
maxi=asbs newp (1] [§1-oldpli] {311
1 Enasin)
- e (Tt
cldpla] [Ji=newplzl 3]

Figure 2. Count of iterations
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Transitioning to the second method, we delve into the fractional steps approach. In this method,
also known as splitting schemes, the progression to the subsequent time layer is fragmented into
multiple intermediate stages. At each of these individual stages, there's no necessity to ensure both
approximation and stability. However, the collective result of these stages yields a full-step
approximation, enabling the construction of a convergent and cost-effective scheme. Presently,
fractional steps methodology stands as an indispensable component in formulating frameworks to
address intricate multidimensional challengesin mathematical physics.

The following steps will be used for our equation:

Step 1.
1
n+=
uij - uZ 1 7’l+1 n n
A—t = E (Alu 2 + Alu ) + Azu (3)
Step 2.
+1/2
u{;-"'l B u?f / n+1 n
= S (A - A 4

where operators A, u A, are equal to:
2

h=55 (5)
62
Ay = a_yz (6)

Figure 3 these formulasin Python are specified as follows.

PRANKYR S D

=rpau [ (1

Figure 3. Re-check data by steps
This employs a loop to iterate over the variables of the x and y axes in two steps. Figure 4 the

number of iterations can be tracked similarly to the first method, using a for loop to monitor the
progress.
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(]

(]

Results of the study
Figure 5 the outcome of applying the tridiagonal matrix method to the heat equation yields the

following graph and associated data:

=8

L]

=N

in range (0,n+l):

or j in range (0,n+l):
f maxx<abs (newp[i] [J]-oldp[i]l[]j]):

maxx=abs (newp[i] [J]1-oldp[i]l []j])

in range (0,n+l):

or j in range (0,n+1):

oldp[i] [JI=newp[il[]]
iterr=iterr+l

Figure 4. Count of iterations
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Figure 5. Results from tridiagonal matrix method

Figure 6 we have generated a graph illustrating the thermal conductivity distribution across the
plate, along with atridiagonal data matrix. Solving this problem required 2571 iteration.
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Figure 6. Results from fractional step method

Figure 7 applications of the fractional step method.
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Figure 7. Results from fractional step method

Based on the outcomes derived from this approach, we observe the dispersion of heat across the
plate, with data indicating that as time progresses, the heat dispersion also intensifies. Upon
segmenting the task into steps, we achieve the desired outcome within 98 iterations.

Discussion

The results of this study have significant implications for computational efficiency in numerical
simulations across various domains, including engineering and physics. The ability of the fractional
steps method to converge in significantly fewer iterations suggests that it can effectively streamline
the processes involved in simulating physical phenomena Thisfinding alignswith previous research
that has emphasized the importance of optimizing numerical methods for enhanced performance,
particularly as the complexity of problems increases. The observed superiority of the fractional steps
method mirrors trends in the field of computational science that favor methods capable of reducing
computational load without sacrificing accuracy. By adopting the fractional steps method, researchers
can alocate their computational resources more effectively, addressing larger and more intricate
problems in a reasonable timeframe. Future research prospects include exploring the potential of
hybrid approaches that combine classical numerical methods with modern techniques, such as
machine learning, to further enhance the efficiency and adaptability of numerical simulations. This
integration could lead to even faster convergence rates and improved predictive capabilities, thus
setting the stage for innovative solutions to complex scientific challenges. Overall, this study
contributes val uable insights into the ongoing discourse on numerical methods' optimization and their
critical rolein advancing scientific research.

Conclusion

In conclusion, based on these findings, it can be inferred that the fractional steps method proves
significantly faster and more efficient compared to the sweep method. This is evident from the fact
that the number of iterations required for the former is 26 times fewer, despite the potentially larger
code involved. The goal of the study was to compare the efficiency of the fractional steps method
with the sweep method in numerical ssmulations. To achieve this, the researcher conducted practical
experiments using both methods and analyzed their performance in terms of computational speed and
efficiency. The methods involved devel oping mathematical models, implementing algorithms, and
running simulations using appropriate computational tools. The results of the study showed that the
fractional steps method outperformed the sweep method in terms of computational efficiency.
Specificaly, the fractional steps method required significantly fewer iterations to converge compared
to the sweep method, despite potentially involving larger code. Thisindicates that the fractional steps
method is faster and more efficient for numerical simulations of the physica phenomena studied.
Based on these findings, it can be concluded that the fractional steps method is a preferable choice
for numerical ssimulations when computational efficiency is a priority. Its ability to achieve
convergence with fewer iterations can lead to significant time savings in computational tasks.
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Additionally, the study highlights the importance of considering different numerical methods and
their implications for computational performance in scientific modeling. The findings of this study
have implications for various fields where numerical simulations are employed, such as engineering,
physics, and computational science. The implementation of the fractional steps method can lead to
faster and more efficient simulations, enabling researchers and practitionersto tackle larger and more
complex problems within areasonable computational time frame. Furthermore, future research could
explore optimizations and refinements of the fractional steps method to further enhance its
performance and applicability in real-world scenarios.

Future work could aso investigate the integration of machine learning techniques with the
fractional steps method to enhance model predictions and convergence rates. Overall, these
advancements could pave the way for more innovative approaches in scientific computing, ensuring
that researchers can keep pace with the growing demands for computational power and efficiency.
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DEVELOPMENT OF MOBILE APPLICATION FOR OPTIMIZING
TRAFFIC FLOW THROUGH GAMIFICATION

Abstract

Technology does not stand still and plays an important and decisive role in our daily lives, constantly
creating new and unique opportunities to improve various areas, including transport and urban infrastructure.
Our project is aimed at actively introducing advanced augmented reality technologies into the daily lives of
consumers to optimize traffic and improve the overall safety of drivers. The mobile application we are
devel oping combines unique elements of augmented reality (AR) and gamification, offering users rewards and
bonuses for compliance with traffic and safety rules. This innovation contributes to the formation of more
responsible behavior on the roads and hel ps to reduce the number of violations, as well as contributes to the
reduction of accidents. The use of augmented redlity technologies provides convenient and intuitive
navigation, imposing visual clues on the surrounding world, which helps drivers to better navigate difficult
areas. Thisdlowsthe driver to make more informed decisions and improve driving skills. Our goal isto make
these innovative and useful technologies available to every user, so that their trips become not only safe, but
also interesting and exciting, turning ordinary trips into new experiences. The project is especially relevant for
major cities of Kazakhstan, such as Almaty, Astana and other megacities, where serious problems of traffic
accidents and constant traffic jams require new, effective and modern solutions.

K eywor ds: augmented reality, gamification, mobile application, traffic optimization, driver safety, game-
based |earning, navigation.

AX. Aittum !, ILE. Acan?, A. O6aimMyroninkeissr’, E.E. Anyapos!
Mexaynaponnsiii Vausepcurer Mupopmarmonnsix Texnonorui, r. Anmarsl, Kazaxcran
PA3PABOTKA MOBHWJIBHOT'O ITPUJIOKEHUSA IS OITTUMHN3AIIUNA TPAO®UKA C
MOMOIIbLIO TENMU®UKALIAN

AnHomayus

TexHOJIOTHH HE CTOST Ha MECTE U MIPAOT BaXKHYIO U PELIAOLIYIO POJIb B HAILEH ITOBCEIHEBHOM JKU3HU,
IMOCTOAHHO CO3AaBass HOBBIC W YHHUKAJBHBIC BO3MOXHOCTH I YIYUYHICHUA Pa3IMYHBIX C(bep, BKJIrO4YaA
TPaHCIIOPT M TOPOJCKYI0 MH(ppacTpykTypy. Hamr mpoekr HampaBlieH Ha aKTHBHOE BHEIPEHHE MEpPEIOBBIX
TEXHOJIOTHH JIOTIOJTHEHHOH pPEealbHOCTH B TOBCEIHEBHYIO >KH3Hb MOTPEOUTENEH C LENbI0 ONTUMHU3AINI
JOPOXKHOTO JIBMKEHHS U TOBBILICHUS 001Iei 6e3onmacHocTH BoauTeneil. PazpabarsiBaeMoe HaMu MOOHIBHOE
NPUIIOKEHUE coYeTaeT B ceOe yHHKaJbHBIC DIIEMEHTHI JONMOJHEHHOU peasbHOCTH (AR) m reiimudukanmy,
npejaras IoJib30BaTesIM BO3HATPAKACHUS U OOHYCHI 32 COOJNIOJICHHE MPABHJI JOPOKHOTO JBWKEHHS H
6e3onacHocTH. /laHHOE HOBOBBE/IGHUE CIIOCOOCTBYET (POPMUPOBAHHIO OOJIee OTBETCTBEHHOI'O MOBEJCHHUS HA
JIOporax W MOMOTaeT CHU3UTHh KOJIMYECTBO HAPYIICHHH, & TAKXKe CIIOCOOCTBYET CHIKEHHIO aBApUIHOCTH.
Hcnonb30BaHne TEXHOJIOTHI JONOIHEHHON peaqbHOCTH 00ecleunBaeT yaIo0HY0 U HHTYUTUBHO IOHSITHYIO
HaBUTallMIO, HaKJIaAbIBass BU3YyaJIbHBIC OPUCHTHUPBI Ha Opr)KaIOIlII/Iﬁ MUP, 4YTO IIOMOra€T BOAUTEIIAM JIydlIC
OPHEHTHPOBATLCS HA CJIOXHBIX YYacTKaxX. DTO TMO3BOJISIET BOJAWTENIO TPUHHMATh Oojiee 0OOCHOBaHHBIC
pELICHNUs U COBEPIICHCTBOBATh HABBIKM BOXAEHUs. Harra nens - caenaTs 3TM WHHOBALMOHHBIC U TOJIE3HBIE
TEXHOJIOTHH JIOCTYIHBIMHU JUIS KQKJOTO MOJIb30BATENS, YTOOBI UX MOE3[KH CTaJM HE TOJBKO O€30MacHBIMH,
HO W MHTCPECHBIMU M 3aXBaTbIBAIOUIMMHU, IIPEBpalias OOBIYHEBIE IIOC€3KN B HOBBLIC BIICYUATJIICHHS. HpOCKT
0c0o0EHHO aKTyaJeH AJsl KpyHnHbIX ropooB Ka3zaxcrana, Takux Kkak AnMatel, AcTaHa H APYTHX MEraroJicoB,
IZie Cepbe3HbIe MPOOIEeMbI TOPOKHO-TPAHCIIOPTHBIX MTPOUCIIECTBUI U OCTOSHHBIX MPOOOK TPeOyIOT HOBBIX,
3G PEKTUBHBIX U COBPEMEHHBIX PEIICHUH.

KuaroueBsble cioBa: JlomoHEeHHAsS peaabHOCTh, TeiMudUKaImst, MOOWILHBIC TPHUIOKECHUS, ONTTUMU3AIIHS
JOPOXKHOTO ABMKEHHMSI, 0€3011aCHOCTD BOJUTEIISI, UTPOBOE O0YUEHHUE, HABUTAIIHS.
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O.K. Oiirim L, [1LE. Acanl, A. O6aimyTtaninkeie’, E.E. Onyapos!
X anwikapansik Aknaparteik Texnonorusiap Y HuBepcuteTi, Anmarsl K., Kazakcran
FEFIMI/I(DI/IKAHI/IH APKBIJIbI TPA®UK AFBIHBIH OHTAFIJIAHI[I)IPYF A APHAJIFAH
MOBWJIB/JAI KOCBIMIIAHBI 93IPJIEY

Anoamna

Texnonorus Oip OpeIHAA TYpMaiabl koHE Oi3MiH KYHAENIKTI eMipiMi3[e MaHBI3IBI JKOHE STy Pel
aTKapajbl, op TYpii OarbITTapipl, COHBIH INIiHAE KOIK JKoHE KajlalblK MHPPaKYpBUIBIMIBI KaKCapTy YIIiH
YHEMi >KaHa >koHe Oipereii MyMKiHAIKTep >kacaiapl. bizmiH xo00a TpaduKTI OHTAMIAHIBIPY KOHE
KYPTI3YIIUIEpAiH JKaNmbl KayilCi3miriH apTThIpy MAaKCaThIHAA TYTHIHYIIBUIAPIBIH KYHIETIKTI eMipiHe
KEHEUTIIreH IIBIHABIKTEIH O3BIK TEXHOJOTHSUIApBIH OelceHAl TypAe eHri3yre OarpITTanFaH. biz oszipremn
KaTKaH MOOMJIBA1 KOCHIMIIIA MaiiianaHyIIbUIapFa jKOJI KO3FaJIbIChl KOHE KayINCi3IiK epesKeNIepiH caKTaraHbl
YILIiH Mapanartap MeH OOHYCTap YChIHA OTBIPBII, TOJMBIKTHIPBUIFaH MBIHIBIK (AR) jkoHE reiMupUKasIHbIH
Oipereit asmeMmeHTTepiH OipikTipenmi. bynm jkaHAMBUIABIK S>KONAAapAa JKayarmKepIIUTiKTI MiHe3-KYJIBIKTHIH
KaJIBIITACybIHA BIKIIAJ €Te i XKOHE OY3yIIBIIBIKTAp CaHbIH a3aiTyFa KOMEKTece li, COHBIMEH KaTap Ka3aTaibIM
OKHFaJlap/IbIH a3al0bIHa BIKMA eTei. TONBIKTHIPBIIFaH MIBIHIBIK TEXHOJIOTHSIAPBIH KOJJIAaHY BIHFAMIIBI )KOHE
WHTYWUTUBTI HaBUTALMSHBI KaMTaMachl3 €Teli, KOpIIaraH oJeMre KepHeKi Oenrimepai eHrisemi, Oy
KYPTi3ylIiiepre KUbIH alMaKTapIbsl JKaKCHIpAaK IMapiayFa KeMeKTecedi. byl »Kyprisymiire HeFypibIM
HETI3JIeNITeH MIenriMIep KaObuigayFa »oHEe JKYpri3y Jar[bUIapblH SKeTUIAIpyre MYMKIHIIK Oepeni. bizmin
MaKCaTBIMBI3-0Chl HHHOBAIMSUTBIK KOHE MaiiIalibl TEXHOIOTUSIIAp B! 9pOip MaiianaHyIbIFa KOJDKETIMII €Ty,
OChUIalIlIa ONapIblH camapiapbl Kayilci3 FaHa €MeC, COHBIMEH KaTap KbI3BIKTBI YKOHE KbI3BIKTHI OOJIBII,
KapanaibIM camapiiapabl kaHa ToxipuOenepre aliHanapipansl. XKoba acipece AnmaThl, ACTaHa CHSKTHI
KazakcraHHBIH ipi Kamajapbl YIIIH JKOHE JKOJ-KOJiK OKHFalapbl MEH TYPaKThl KENTeNiCTepIiH Kypzewi
mpo0JieManapsl JkaHa, THIM/II )KOHE 3aMaHayH MIeiMAEPAl KaXeT eTeTiH 0acKa /1a MEeTaroIucTep YIIiH 63eKTi
OOJIBITT TaOBLIAIEL.

Tyiiin ce3aep: ToNBIKTHIPBUIFAaH MIBIHIABIK, TeAMHUKAaLUs, MOOWIBAI KOCHIMINA, TpPapHUKTIi
OHTaWIaHBIPY, )KYPTi3yIIli Kayinci3iri, ONbIHFa HETI3[eNITeH OKBITY, HABUTAIIHSL.

Main provisions

This study focuses on the development of a mobile application that aims to optimize traffic flow
and improve road safety using innovative features such as gamification and augmented reality. The
key features of the application include providing optimal route options, road sign recognition based
on augmented reality, real-time navigation with animated guides, and image recognition through
augmented reality. Additionally, the system incorporates a gamified element that offers rewards and
progress tracking, motivating users to adopt safe driving habits.

Introduction

In today's fast-paced world, technology has become an essential part of our daily lives, offered
convenience but also posed new challenges. Modern roads, however, face numerous difficulties such
as high numbers of traffic accidents and congestion. According to the World Bank [2], around 3,000
people lose their lives and over 30,000 are injured every year due to road accidents in Kazakhstan.
This indicates that the risk of death from aroad accident in Kazakhstan is 11 times higher than in
countries such as Norway. One of the main reasons for this situation isthe inability of driversto resist
the urge to use smartphones while driving, leading to inattention and disastrous accidents.
Additionally, poor driving habits contribute to this problem, another piece of evidenceis represented
in Figure 1 below.
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Figure 1. The growth in the number of road accidents in Kazakhstan for 2003-2023 years

According to the Committee on Legal Statistics and Special Accounts of the Prosecutor General's
Office of the Republic of Kazakhstan, from 2003 to 2023, the number of road accidents is rapidly
growing, and asreported by specialist: One of the main causes of traffic accidentsisthelow discipline
of drivers on the roads of the republic [1].

Our project aims to address these challenges by creating a mobile app that utilizes gamification
and Augmented Reality techniques to encourage safe driving behavior among drivers for optimizing
traffic flow and enhance road safety by rewarding responsible driving with incentives. By integrating
gamification elements and Augmented Reality features into the mobile application, we focus on
reducing distractions while driving and promote safer road behavior and believe that this approach
will lead to a more enjoyable, safe driving experience for everyone. While there are numerous traffic
management and navigation apps available, most of them focus solely on providing directions for
drivers [2]. This lack of attention to other aspects of driving safety, combined with an alarming
increase in road accidents [3], highlights the need for innovative solutions to promote safer driving
habits. In conclusion, the novelty of our app lies in the use of cutting-edge technologies, such as
Augmented Reality (AR), which provides navigation information seamlessly to the driver's field of
view. We aso incorporate gamification elements to promote safe driving behavior. These tools are
not currently used in existing traffic applications, despite their potential to engage drivers and reduce
distractions that can cause accidents. By addressing this gap, we hope to play a significant role in
reducing the risks associated with distracted driving.

Resear ch methodology

The purpose of the project is to develop a mobile application that optimizes traffic by using a
gamified approach that encourages driversto drive safely, as well as providing innovative tools such
as convenient navigation tools with Augmented Reality features and other. This Mobile application
mainly focusses on reducing traffic congestion, improving road safety and improving interaction
between road members [4]. Research question for this study: How can we optimize traffic flow by
using gamification, improve driving quality, and enhance road safety with the help of innovativetools
integrated into our mobile app? To achieve the objectives of this study, there will be used a mixed
approach that includes qualitative and quantitative techniques.

Target audience for this study. According to the priorities of the study, a random sample will be
used. For quantitative studies such as performance evaluation, arandom sel ection within the relevant
population group will be made to ensure objectivity and representativeness. The target audience for
our mobile application is diverse. Thanks to its versatility, we can appeal to a wide range of users,
including drivers, novice drivers, members of the community, and travelers. The detailed information
about these groupsisillustrated in Table 1 below.
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Table 1. Key audience groups for mobile application

Who Needs Benefits of using app
Driverswho have their To use efficient navigation, The application provides variants of
own private car. real-time traffic data and optimal routes, in addition rewards

reminders for safe driving. system for safe driving techniques.
Individuals with limited The guidance in navigating Due to the user-friendly navigation
driving experience like complex roads and features with AR, making path easier by
new, young drivers. comprehensive understanding | building confidence on the road.
of traffic rules.
People AR navigation assistance and | Provide navigation tips with visual
information about landmarks | elements, making it interesting.
and historical sites.
Travelers Enhanced safety measuresin | Features help usersfeel informed and
new places, monitoring new secure themselvesin their journeys.
road conditions.

The table illustrates data about the main groups of people that will use this mobile application,
their needs from using this application, in addition what benefits they will receive using this system.

Since everyone can use and eval uate this mobile application, for receiving respectable and valuable
evauation, there will be arandom sampling method employed. However, for prototype testing there
will be used non-probability method Purposive sampling. Drivers with a lot of experience will be
evolved for prototype testing and getting real feedback that will help to identify high quality and
relevant data. The study will use both qualitative and quantitative methods, so the sampling approach
will fit these approaches. The sample observations will represent specific solutions, which will then
be generalized to apply to the general population [5].

The sample size for the quantitative component will be larger to use statistical analysis around

200-250 participants. Participantswill be randomly selected from demographicsto involve abalances
representation of age, gender, experience, and geographic location. It will be beneficial for the
calculation of significant statistics, to make accurate about user needs, benefits about application.
For the qualitative component, the sample size will be smaller, it mainly focuses on in-depth
interviews and prototype testing with approximately 20-25 drivers with extensive experience. Online
surveys: It will be widely distributed on social networks, forums for drivers, taxi drivers and large
communities. This approach will help reach a broad audience, making results more exact.
Moreover, as mentioned before thereis no limitation about the target audience of mobile applications,
because even if the kids use navigation apps to get somewhere, consequently there are no strict
inclusion criteria. In contrast for prototype testing of navigation system, participants must meet the
following criteria: Aged 18 years/older. They have their own vehicle and have more than 4 years’
experience in driving. So, including both purposive and random sampling approaches ensure the
accurateness of this study by exact data.

Data collection methods. For the study, it is planned to develop a mobile application with the
integration of a navigation system using augmented reality (AR) and gamification. The application
will be aimed at optimizing traffic and improving driving safety.

The planned technologies that will be used in the application include:

1. GPS and real-time navigation: GPS technol ogies are supposed to be used to determinethe user's
location in real time, which will allow providing accurate routes considering the traffic situation.

2. Integration with the Mapping API: The API will provide up-to-date traffic and route data,
helping users choose the best paths considering road conditions and congestion.

3. Augmented Redlity (AR): AR will be used to display information about road signs and
buildings on the device screen, helping drivers navigate the roads. AR will also provide visual cues
along the route (such as arrows and pointers), improving navigation quality.
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4. Cloud storage and data analysis: it is planned that all data on user movement, route selection
and interaction with the system will be uploaded to the cloud storage for subsequent analysis. This
will alow you to evaluate the effectiveness of the system by collecting data on user behavior, their
preferences in routes and the success of gamification to improve security.

5. Gamification and collection of user interaction data: The system will collect data on user
behavior, including compliance with traffic regulations, choosing optimal routes, as well as
participation in game mechanics (for example, awarding points for safe driving). This data will be
analyzed to assess the impact of gamification on driving quality and safety.

Planned data collection methods:

Quantitative methods: it is planned to collect statistics on the use of routes, compliance with traffic
regulations, driving time and participation in game mechanics through the application, which will
allow a quantitative analysis of user behavior [6]. Qualitative methods: it is planned to conduct
interviews and surveys of users to collect qualitative data that will help us to better understand the
experience of using the application, the perception of gamification and identify possible
improvements in the system. The work process about AR functions shown in Figure 2 below.
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Figure 2. Flowchart for AR navigation system

|

According to Figure 2, when a user selects the "Map Navigation" option, the application uses a
mapping API to load routes and provides real -time information about traffic conditions. This allows
the user to follow the optimal route and receive updates about road closures and traffic jams [7].

The map interface shows the direction of travel and any traffic disruptions, functioning similarly
to a traditional navigation system but with additional features provided by augmented reality (AR)
and cloud-based mapping data. AR functions offer variousinteractive options such as map navigation,
object scanning, and walking navigation, which are explained in more detail in Figure 3. About Map
Navigation and AR walking Navigation for pedestrian navigation, they are similar in working process
but differ by the use. AR for Map Navigation displays signsfor driversin the map, while AR walking
Navigation is focused on the pedestrian navigation by involving extra properties[8].

The option of AR Scanning for Objects alows users to scan markers (such as traffic signs or
buildings) using their device's camera. The app then renders the object in augmented reality,
displaying additional information from a connected database, like descriptions or images. After
viewing, users can return to the previous screen or main menu. Together, these technologies and data
collection methods form the foundation for a system that improves traffic flow and promotes safe
driving using gamification and Augmented Reality features[9].

Prototyping and Development Process. There are different types and styles used for mobile
applications. In this case, this app optimizes traffic flow and promotes responsible driving by
incorporating two main features such as gamification and Augmented Reality elements.
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Figure 3. Flowchart for AR functions system

Gamification: The goal of integrating a gamified driving system is to encourage safe driving by
motivating users through a game-like experience. Users earn points for following safe driving habits,
traffic rules and can exchange these points for prizes or discounts. Additionally, various animations
will be presented to help users navigate and stay focused, as shown in Figure 4 below. Each user will
have their own animated character that will assist them with navigation and encourage safe driving.
By combining fun with education, we aim to create a system that engages drivers and helps them
develop better driving habits, ultimately reducing the number of accidents on the road.

Figure 4. The gamification features

1. Augmented Reality: While the integration of the AR system will provide rea-time visua
guidance (arrows on the road, road signs), it provides convenient navigation tools with augmented
reality functions, helping the driver not to be distracted and making the trip livelier without letting
the driver get bored on long trips[10]. In addition to map navigation using AR, functionswill also be
included for road signs and for buildings, as shown in Figure 5 below.

- Augmented Reality Road Signs. Recognizes Road signs and provides additional information.

- AR markersfor buildings: Allow the user to point the camera at buildings and get information
about them, such as the name or historical data.

- Animated Augmented Reality Character: Pedestrians can use a character to guide them along
the route in augmented reality mode.
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Figure 5. AR functions in application

To develop this mobile app that includes maps, navigation, Augmented Reality (AR) functionsfor
displaying extra information about traffic signs and buildings, there are used such instruments
tools as. The main platform for development of AR — Unity Engine.

- AR Foundation — the built-in Unity library.

- Vuforia-image recognition.

- Google ARCorefor Android AR.

- Visua Studio Code IDE.

- Android Studio — to build an application.

- Mapping service — Google Map.

- Datasets for navigation, traffic signs, buildings information, etc.

- Futter, Dart programming languages.

- PostgreSQL, Postman.

The use of Unity, AR Foundation, Vuforia is significant, because of their popularity and ease of
use in the developing AR based system. Furthermore, other tools that also play a crucia role in the
development of mobile applications that aim to optimize traffic flow through gamification elements.
Ethical considerations. The study was conducted in accordance with ethical principles requiring the
informed consent of all participants before data collection [11]. The study has identified several
potential limitations that can be eliminated in the future:

Using standard mobile devices

- The current Augmented Reality navigation system was designed to work on conventional
mobile devices, which limited the use of more advanced technologies such as smart glasses or
Bluetooth beacons. In the future, with the development of technology, it is possible to integrate such
solutions, which will improve the accuracy and quality of navigation.

- Lack of persona support.

- During the experiment, users did not receive assistance from the staff, which could cause some
difficulties and disruptions in the visiting process. In the future, the use of automated prompts or
interactive assistants may solve this problem and improve user convenience.

- Limited applicability of the results.

- Since the study was conducted in the specific context of an outdoor exhibition, its results are
difficult to generalize for all types of AR navigation systems. However, with the improvement of
augmented reality and GPS technologies, in the future such systems will be able to be adapted to a
wider range of conditions.

The development of a mobile application with the integration of Augmented Redity (AR),
gamification technologies represent an innovative approach to optimizing traffic and improving
driving safety. AR alows you to create interactive elements that make the navigation process more
intuitive and convenient. By superimposing virtua hints on the real environment, users can navigate
the roads more easily, which minimizes the risk of errors and increases safety. Thus, the application
makes navigation more convenient for users and increases road safety. The project is relevant for
large cities of Kazakhstan. The introduction of such technologies will help create a safer transport
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system [12]. Drivers will be able to easily plan their routes and participate in the game elements of
the app, which will make them more involved and responsible on the road.

Results of the study

Upon starting this application, according to the main goal of this mobile application, there are
main, and first page is map, such as navigation page with the menu bar that provide access to other
functionalities like play Augmented Reality functions, profile, and chat page, shown in Figure 6. In
the top of this map page, there are windows about What are you going to? by clicking to this user
build road directions from, to address. In addition, on the map page, users can also choose various
transport, type to go. As mentioned before, the mobile application for optimizing traffic flow shows
variants of routes with the explanation and differences vary them with different colors.

Figure 6. Interfaces of Map Navigation function in mobile app.

To draw the road line for users’ destination. There represented only the initial examples about
map components. Additionally, in navigation of users this application will display navigation
elementsin AR form making it easy, and interesting without distracting the user, by supporting to be
focused on the road signs and don’t get distracted. The System Architecture of this application is
outlined in the UML class diagram for traffic optimization that incorporates gamification and
Augmented Redlity (AR), below in Figure 7.
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Figure 7. UML class diagram for the application
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It defines the main classes that are responsible for the application's features and how they interact,
offering a safe and engaging navigation experience through AR, and promoting safe driving. First,
there are 7 classes including User class that interacts with other classes such as Driver, Pedestrian,
GamificationSystem, ARNavigation, NotificationSystem and NavigationSystem, with appropriate
methods of each of them.

All components/classes are demonstrated in this class diagram communicate through a database,
ensuring consistency in data. For instance, the main User class contains information about useriD,
userType, location, drivingScore, rewardPoints with methods getRoute() for drawing road for
navigation(destination), earning points by maintaining good behaviour on road, and receiving
notification about possible harm or challenges. Users of application receive alert notifications from
NotificationSystem class which contain information about alertType, alertMessage, alertPriority and
methods for sending alert message and getting notification history. While GamificationSystem class
is used by users to earn points, to browse leader board and reward details. In addition, another class
called Pedestrian class is displayed there, as mentioned earlier, it uses an animated AR character for
a pedestrian using the useARNavigation() method.

On the other hand, Figure 8 shows a diagram of the use cases. The diagram shows how specific
actors (player, system, pedestrian) interact with a mobile application for navigation and traffic
optimization. The first goal of the mobile app is to motivate users to maintain good driving habits,
and in this case, by following the rules and warning messages, users earn pointsthat can be exchanged
for other rewardsin the future. At the sametime, the system displays several optionsfor the best route
options from the request of users. While the system displays optimal variants of routes by the request
from users. In addition, an actor called pedestrian in diagram, that handles Augmented Redlity
functions to recognize road signs and buildings, animated character for navigating user while
navigating user to their destination by giving directions with AR features.
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Figure 8. The Use case diagram for a mobile application
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The uniqueness of this mobile application lies in the combination of advanced technologies,
gamification and augmented reality. Augmented reality (AR) technology plays an important and
valuablerolein the effectiveness of the application, so hereit illustrates asequence diagram in Figure
9, that displays augmented reality functions in the application according to the interaction of objects
such as the User, ARNavigation, map, road signs, recognition of buildings and augmented reality
animated character.
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Figure 9. Sequence diagramfor AR functionalities

With the camera, users can scan road signs that have been detected and returned with detailed
information, and activate AR markers for buildings that recognize and return building information in
AR mode in the app. In addition, a sequence of actions is displayed according to an animated AR
character who guides the pedestrian to their destination using AR elements. In general, the purpose
of this sequence diagram isto show how users use the application and the sequence of functions, how
it starts and how it returns a response, displaying augmented reality objects in the application view
mode with all the augmented reality functions in the mobile application.

AR Development and Testing process. According to the functions relating to AR, as mentioned
before, right now we work in Unity Engine to devel op the application that uses AR technology. The
first task about AR was about the capturing image or marker that after recognizing and displaying
necessary information, details. Using the camera of Android phone, we can seethat only in case there
appeared any image on camera AR is activated and showed little elements saying that it is work and
find image. In that case, Unity's AR Tracked Image Manager used to detect when an image from
Reference Image Library isrecognized by the camera, bel ow, represented the example of this system
in Figure 10. Using Unity as the main platform for augmented reality (AR), the application for
Android phones is now integrating AR images of road signs and building elements into the mobile
app. This allows users to capture these images with their phone's camera and view additional
information in anew layer.
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Figure 10. Example of working with Unity's AR Tracked Image Manager

In Figure 11, we seethefirst test of handling images using the camera. Asyou can see, the mobile
app detects, recognizes, and shows details of the markers.

Figure 11. Initial test on AR functions

So, to detect and display these images we used Vuforiaand AR Foundation, along with other tools,
to capture various elements, such as traffic signs and building information, in our case, there are
demonstrated the example of working with AR Tracked Image Manager, as shown in Figure 12.
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Figure 12. Example of working with AR Tracked Image Manager.
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Asyou can see, right now our systemisin the process of integrating and working in main functions
of AR to capture elements by camera of the phone and displaying other extra information in the
mobile application by creating new layer that user captured by themselves. Furthermore, there to
develop and manage all these AR Foundation libraries in Unity Engine, there used Programming
Language as C#, which is the main in Unity Engine Platform. In addition, there are displayed the
peace of code implementations on Unity Engine platforms, in Figure 13 below.

Figure 13. “ARObjectSpawner” code for image recognition.

All these current tests and developments demonstrate how the work processis rapidly progressing
and improving towards achieving the goals of the mobile app. Now, this AR function detects images
captured by the cameraand displays additional information about road signs and buildings. However,
we should remember that this is only an initial test, so the interface of the mobile application will
become more user-friendly and easier to understand for users, as shown in Figure 7.

Regarding Unity Engine, as previously mentioned, for all aspects of integrating Augmented
Reality features, programming language C# will be used, while for implementing other functionalities
of the application, we will use platforms such as Android Studio and a significant API for maps.

Discussion

The development of our mobile application, which combines elements of gamification and
augmented reality (AR), offers anew approach to solving problems on the roads, such astraffic jams
and dangerous driver behavior. The app motivates drivers to follow safety rules by offering them
rewards for proper behavior, and helps improve traffic on the roads. Using augmented reality for
navigation makes the driving process easier and more interesting by providing drivers with useful
information in real time without distracting them from the road.

How gamification affects driver behavior. Gamification is an important element that affects how
driversbehave. Rewardsfor following traffic rules and responsible behavior increase user motivation.
Research shows that gamification helps make everyday tasks more fun, and in our case, it helps
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driverslearn and follow safety rules. The points system, ratings and bonuses motivate users to drive
safer and increase their engagement.

Augmented Reality to improve navigation. One of the key features of our app is the use of AR to
improve navigation. AR adds navigation information directly into the driver's field of view, which
helps to be less distracted by the phone or map. The app aso recognizes road signs and shows
information about buildings and other objects. This turns our app not only into a navigation tool, but
also into an assistant for the driver, providing useful data. On the other hand, for mapping, Google
APIs will be used to capture maps. This is due to their ease of use and accessibility.
There are numerous platforms and systems available for navigation, including those that use AR in
their maps, such as Pogo Map. Pokémon Go Map, developed during the popularity of the Pokémon
Go game, uses AR only as game components to prevent boredom. While it has more functionality
than other platformsin this area, there is also research on Zombies on the Road: a holistic approach
to balancing gamification and safe driving. Moreover, in our country, when it comes to navigation
tools, most people are familiar with only a few popular apps. All these popular apps focus on
providing directions to users.

Data collection and user feedback. We use two methods of data collection: quantitative and
gualitative methods. Quantitative data, such as driving habits and route selection, allows you to assess
how well the app is working. Qualitative methods such as surveys and interviews help to understand
how satisfied users are with the application and what can be improved. Thisinformation will help us
make the app better based on real user reviews.

Limitations and challenges. Despite the innovativeness of our project, there are some limitations.
For example, the capabilities of standard mobile devices may reduce the accuracy of AR functions.
There are aso challenges related to maintaining user interest and data protection. Since the
application collects behavioral data, it is important to ensure high security of users personal
information.

The mobile application, which combines elements of gamification and augmented reality (AR), is
an innovative solution aimed at improving the traffic situation and improving driver safety.
Gamification helps to increase the motivation of users to follow the rules of the road, making the
driving process more responsible and interesting. Augmented reality facilitates navigation by
providing useful information in real timewithout distracting the driver from the road. Despite existing
limitations, such as the technical capabilities of mobile devices and the need to ensure data security,
our application has significant potential to improve the traffic situation and increase user satisfaction.
The quantitative and qualitative data collected will allow us to optimize the operation of the
application, focusing on real user feedback.

Conclusion

Our mobile application is an innovative solution aimed at improving road safety and optimizing
traffic flows. Combining augmented reality (AR) technologies and gamification, it allows users to
learn the rules of the road in an exciting way and apply them in practice. Users receive rewards for
following the rules, which contributes to the formation of a culture of safe and responsible driving.
Attheinitial stage of the project, wefocused on creating basic functionality, including AR navigation,
atraffic sign recognition system and a system for calculating points for correct behavior on the road.
The first tests confirmed that the application is able to improve the interaction of drivers with the
environment, making trips more convenient and safer. We have also received feedback from users
who emphasize the usability and the need for such technologiesin real life.

One of the key features of the application is its adaptation to the road conditions of Kazakhstan.
We take into account the specifics of the local infrastructure, such as the condition of roads, the
presence of signs and the general congestion of the transport network. This allowsyou to create atool
that not only helps drivers comply with the rules, but also helps to reduce traffic jams and improve
the overal transport situation. An important stage of the work was the study of user behavior. The
analysis of the data collected during the testing process allowed us to identify areas for further
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improvements. For example, we plan to optimize navigation algorithms and expand AR functionality
to make the process of interacting with the application even more convenient and intuitive.

Despite the successes achieved, we face challenges to improve user data protection, increase the
accuracy of AR modules and integrate additional functions. In the future, we plan to expand the
application's capabilities by adding, for example, information about local attractions and services,
which will make it useful not only for drivers, but also for tourists. The project demonstrates how
modern technologies can become an effective tool for solving urgent transport problems. We are
convinced that the devel oped application will contribute to improving road safety, improving driving
culture and developing Kazakhstan's digital infrastructure.
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NAPHHUKTIK IA3JIAP/IBIH OCEPIHEH AYBLT IIAPYAIIBLIBITBI
JAKBLIIAPBIHBIH )KAW-KYNTHIH JUHAMMKACBIH U ®PJIBIK
MOHUTOPHUHITEY KOHE BOJIKAY

Anoamna

¥YCHIHBUIFAaH ~ 3epTTEYAiH  MakKcaThl —  3€pTTENICTIH  ayMakTapJarbl [apHUK  Tra3/lapbIHBIH
KOHIIEHTPAIMACHIHBIH JHMHAMUKAChIHA OaliaHBICTHl ayblUl IMapyallbUIBIFBl ©CIMAIKTEPIHIH JKarJaibiH
UUQPPABIK MOHHUTOPHHT >KYPTi3y YVIIIH MaMaHIAHIBIPBUIFAH MOJENBACP, OMAICTEp JKOHE aITOPUTMACPIi
KaMTHUTBIH dIiCTeMENIK Kypainapabl a3ipiey. MHTemmekTyanasl Moaenbaey, reonHpOpMaIHsIIBIK Kyieaep
(F'AX), 3D xome VR TexXHOMOTHSNAPBIH CHHTE3NEY APKBUIBI OCIMIIK IIApYalIbUIBIFBIHIA IIEITiM
KaOBUIAAMTHIH TYJIFAIapbl THIMII aKIIapaTIieH KaMTaMachl3 €Ty IiH IepCIeKTUBACK Herizaeneni. by Tacin
TEXHOTCH/IIK )KOHE KJIMMATTBIK 9CEPJICPIiH TYpPJi JACHreIepinae THIMAI Oonaabl. 3epTTENeTiH TeXHOTCHIIK
O00BEKTIIEPAiH TEXHOJIOTHSIIBIK TIapaMeTpIiepiHe, ayMaKThIH HHPPaKYPBUTBIMIBIK €peKIIeNiKTepiHe jKoHe aya
paiibiHa OaliaHBICTHl MAPHUKTIK Ta3Map[blH XKUHAKTAYy alMaKTapblH KaJbIITACTHIPY VIIH OOBEKTHUBTI
ceben-cangapiblK OaiiaHbICTap bl KOPCETETIH XKacaHAbl HEHPOHBIK KeTiep i (Korm KadaTThl HeplenTPOH
’KOHE panaiibl-0a3ucTiK QYHKIMAMEH) TYPIIl KYPhUIBIMIApBIH Maii1aaHa OTHIPHII, O0JKaMIBIK HEHPOHIBIK
KEJTUTIK MOJENbJIepAl KYpYy HOTWKENepl YCBIHBUIABI JKOHE 3epTTeiiai. backlM aybil IIapyanibUTBIFBI
JaKbUIIAPBIHBIH KEHICTIKTIK KYPBUIBIMIAPHI J1a 0CIMIIKTEP/IiH 6Cyl MEH JaMybIHa acep eTeTiH (haKkTopiapIby
OpTYpJIi KOMOMHAIMACKI Oap ©CYyiH TOPT HEri3ri KEe3€HiIHe KATBICThI KYPBUIIBI, OJAPAbIH €H MaHBI3IbICHI
MAPHUKTIK Ta3fapAblH [IOFBIPIAHYbl OonbI TadbUIamel. VR/AR TexHONOTHsIApBIH KONJIAHY HETi3iH[e
aFbIMJIaFbl/00JDKaMTBI XKaFaainapia HaKThl ayMaK YIIiH YTHIM/bI MOJICHHET MEH TEXHOJOTHSUIBIK KapTaHbI
TaHJay apKblIbl KOPHEKI capanTaMaliblk Oaranayabl KaMTaMachis eTeTin 3D Mozebaep OaHKi KalbIITacThl.
Bbyn yirinep kemieHi aymakThl OOBEKTHBTI Oaranayra >KOHE ayblUl IIapyallbUIBIFBl JaKbULAAPBIH JIYPBHIC
TaHJayra MYMKiHIIK Oepeni. L{nppiabk MOHUTOPHHTTI YHBIMAACTHIPY KOHE JAaKbUIIAPABI €Ty KYMBICTAPbIH
KOcCHapiiay THIMJIUTITIH apTThIpY YIIIH KOFapbl OHIMIUTIKTI KaMTaMachl3 €TETiH MOJENbAiK-aITOPUTMIIK
KEIICHHIH TPOTOTHIT YCHIHBUIABL. JlalibIHianFan Kypajiiap KeleHi Ke3 KeJIreH MaKcaTTarbl )KOHe SKIMIILTIK
uepapxusi JeHrediHgeri ayMmakTapasl OediMIey 30Hajaybl YIIH TEXHOJIOTHSUIAD KaJbINTACTBIPY MKOHE
TUQPIBIK MOHUTOPHHT JKYHENEpiH a3ipiey YIIiH MacmrTadTanybl MYMKiH. Byl skanmel anranja, miemrim
KaObUIIAY/bl KOJIJAHTHIH UHTEIICKTYIIBI KYHenep i KYpy MEeTO0JIOTHACBIHBIH 1aMYbI OOJBIN TaObIIa bl

Tyiiin ce3mep: UUPIBIK MOHUTOPUHT JKoHE OOJDKay, MOAENbICY, *KacaHAbl HEHPOHABIK >KeIijiep,
BUPTYaJJIbl )KOHE KOCBHIMINA IILIHAHBUIBIK, BU3yaIH3allns, TapHUKTIK 3QQeKT, erin eHimItiri, oedimmeny
CIieHapHilIepin Oaranay.
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[IM®POBOM MOHUTOPHUHT U ITIPOTHO3UPOBAHUE IUHAMUKHN COCTOSIHUS
CEJBbXO3KYJBTYP ITPU BO3JIEVICTBUU TIAPHUKOBBIX I'A30B

Annomayus

Lenpto mpeacTaBIeHHOTO WCCIEAOBAHUS SIBISIETCS pa3pabOTKa METOHOJIOTHYECKOTO WHCTPYMEHTApHS,
BKJIIOYAIOLIETO CIELUATU3UPOBAHHBIE MOAEIH, METOIAbl M aJIrOPUTMBI, A OCYILECTBICHHA LU(PPOBOTO
MOHMTOPHHIA COCTOSIHUSI CEJIbCKOX03SIMCTBEHHBIX PACTEHUH ¢ BO3SMOYKHOCTBIO IPOTHO3UPOBAHUS B YCIOBHSX
JUHAMUKA ~KOHIIGHTPAalM TapHUKOBBIX Ta30B Ha HCCIEAyeMBbIX TeppUTOopusx. (OOOCHOBBIBAaETCS
NEPCHEKTUBHOCTh CHHTE3MPOBAHHOTO IPUMEHEHHs METOJOB HHTEJIEKTYaJbHOIO MOJEIUPOBAHNS,
reonHpopmarmonHsix (I'MC), 3D u VR texnonorwuii amst hopmupoBanust 3pPeKTHBHOr0 HHPOPMAITHOHHOTO
o0ecriedeHus I, TPUHUMAIOIINX PEIICHHUS B PACTEHUEBOACTBE, IIPU Pa3IMYHBIX YPOBHAX TEXHOTCHHOTO U
KJIMMaTHYeCKOTo Bo3JeicTBUs. [IpeacTaBiensl U Uccae0BaHbl PE3YyIbTaThl IOCTPOCHUS MPOrHOCTHUECKUX
HEUPOCETEBBIX MOJENEH C HCIOJIB30BAHUEM PA3IUUYHBIX CTPYKTYp HCKYCCTBEHHBIX HEHPOHHBIX ceTed
(MHOTOCJIOHHOT'O TEpCenTpoHa M C paJuaibHO-0a3MCHOM (QYHKIMEH aKTUBAI[MH), KOTOPBIE OTPaKAIOT
O00BEKTUBHBIC MPUYMHHO-CIIEACTBEHHBIC CBSA3H IS (JOPMUPOBAHUS 30H HAKOIUICHUS MApHUKOBBIX I'a30B B
3aBUCHUMOCTH OT TEXHOJOTMYECKHX IapaMEeTPOB HCCIEAYEMbIX TEXHOT€HHBIX OOBEKTOB, OCOOCHHOCTEH
UHPPACTPYKTYpPHl TEPPUTOPUU U TOTOAHBIX ycJIOBUH. Taxke MpOBEAEHO MOCTPOECHHE MPOCTPAHCTBEHHBIX
CTPYKTYp NMPHUOPUTETHBIX CENbXO3KYJIbTYP OTHOCHTEIHHO YETHIPEX OCHOBHBIX 3TAlOB MPOMU3PACTaHUS MpHU
Pa3NUYHBIX COYETAHUAX (PAKTOPOB, BIMSIOIIMX Ha POCT U Pa3BUTHE PACTCHUH, BaXKHEHIIUM M3 KOTOPBIX
SIBIISIETCS] KOHIIEHTPAIUs MapHUKOBBIX Ta30B. Chopmuposan Oank 3D monerneit, odecreunBaromuii Ha OCHOBE
npumeHennss VR/AR TexHonoruii mpoBeieHHE BH3YaJTM3HPOBAHHBIX AKCIIEPTHBIX OICHOK C BBIOOPOM
palMOHAIBHONM  KyJbTYpbl M TEXHOJOTMYECKOM  KapThl Ha  KOHKPETHOM  TEppUTOpUM B
CJIOKUBIINXCS/TIPOTHO3UPYEMBIX  yClIOBUsAX. KOMIUIEKC HaHHBIX MoJesell IMO3BOJSET IPOBECTH Kak
OOBEKTUBHYIO OIIGHKY TEPPUTOPUH, TaK M aJCKBAaTHBIM BHIOOp CENbXO3KYIbTYp. [IpeanoskeH MpoTOTHI
MO/JIEJIEHO-AJITOPUTMHYECKOTO KOMITIEKCA, KOTOPBI MOKET OBITh MCTIOJIb30BaH JIJIsl OpPTaHU3aIuy HU(PPOBOTO
MOHUTOPHHIAa WU TOBBILIEHUS 3()()EKTUBHOCTH Mpoliecca MIaHUPOBAaHUSI MOCEBHBIX PadOT € MOJyYEHHUEM
BBICOKOH YPOXKaiiHOCTH pacTeHHil. Pa3paOoTaHHBI MHCTPYMEHTapuil MOXKeT OBITh MacIITa0MpOBAaH IS
(hopMHpOBaHUsI TEXHOJOTUH W Pa3pabOTKH CHCTEM IM(PPOBOr0O MOHUTOPWHTA B IEJSIX aarnTallHOHHOTO
30HMPOBAHUS TEPPUTOPHH JIIOOOT0 HAa3HAYEHUS W YPOBHS aIMUHUCTPATUBHON HMEPAPXUH, YTO B ILIEJIOM
SIBIISIETCS. PA3BUTHEM METOAOJIOTUH OCTPOCHUS MHTEIUIEKTYAIbHBIX CUCTEM MOJACPKKU IPUHATHS PELICHHUH.

KiroueBbie ciioBa: MUQpPOBOIl MOHUTOPWHT M MPOTHO3UPOBAHUE, MOJEIHUPOBAHUE, HCKYCCTBEHHBIE
HEHpOHHBIE CETH, BHUPTyalbHas H JIOTOJIHEHHAs pPeajbHOCTh, BU3yalHM3allusi, MapHUKOBHIA 3 QeKT,
YPOKalfHOCTb CEeTbCKOXO3AHCTBEHHBIX PACTEHUH, OLICHKA alalTAllMOHHBIX CLICHAPUEB.
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DIGITAL MONITORING AND FORECASTING OF AGRICULTURAL CROP CONDITION
DYNAMICSUNDER THE INFLUENCE OF GREENHOUSE GASES

Abstract

The aim of the presented research is to develop a methodological toolkit that includes specialized models,
methods, and agorithms for digital monitoring of agricultural plant conditions, with the capability of
forecasting under the dynamics of greenhouse gas concentrations in the studied areas. The potentia of the
synthesized application of intelligent modeling methods, Geographic Information Systems (GIS), 3D, and VR
technologiesisjustified to create effective information support for decision-makers in crop production under
various levels of anthropogenic and climatic impacts. The results of constructing predictive neura network
models using various structures of artificial neural networks (multi-layer perceptron and radial basis function)
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are presented and analyzed. These models reflect objective causal relationships for forming zones of
greenhouse gas accumulation based on the technological parameters of the studied anthropogenic objects,
features of the areas infrastructure, and weather conditions. Additionally, spatial structures of priority crops
have been built concerning four main growth stages under various combinations of factors influencing plant
growth and development, the most important of which is greenhouse gas concentration. A bank of 3D models
has been created, enabling visualized expert assessments using V R/AR technologies, allowing for the selection
of the optimal crop and technological map for specific areas under current or projected conditions. This set of
models allows for both an objective assessment of the territory and an adequate choice of agricultural crops.
A prototype of a model-algorithmic complex is proposed, which can be used to organize digital monitoring
and enhance the efficiency of planning sowing activities to achieve high crop yields. The developed toolkit
can be scaled to form technol ogies and devel op digital monitoring systems for adaptive zoning of areas of any
purpose and administrative hierarchy level, representing a significant advancement in the methodology of
constructing intelligent decision support systems.

Keywords: digital monitoring and forecasting, modeling, artificial neural networks, virtual and augmented
reaity, visualization, greenhouse effect, crop yields, assessment of adaptation scenarios.

Herisri epe:kenep

by 3eprrey aschiHaa HUGPIBIK MOHUTOPHUHT XKYHEJIEPIHIH aKIapaTThIK KaMTaMachl3 €Tyl YILIiH
MOJIENIbJIEp MEH 9JIICTep KEUICHIH d3ipiey MiHIeTI Iemiayae. by KemeH HocTypii aknapaTThIK
KyHelepliH JepeKTep *KUHAy KoHe eHiey (YyHKUMsAIapblMEH KaTap, MHTEJUIEKTyasibl Oaranay,
0oiDKay JKoHE KeHICTIKTIK-YaKbITTHIK TaJiay () yHKIUSUIApbIH )KaHAPTYFa MYMKIiH/IK Oepeni. 3epTrey
asCbIH/A aybU1 MIapyallbUIbIFBl OHJIPICI cajlachl TEXHOTEHMAIK >OoHE KIMMATTBIK ocepiepiH
KOJIJAHBICTAFbl/00JDKaFaH JKaFlailapblHAa TPUOPUTETTI aybUl MIApyalIbUIBIFBl JTAKbULAAPBIHBIH
KarJaiiblH Oaranay >koHe Oonkay, acipece mapHuK 3((eKTICiHIH IMHAMUKACHIH/IA KapacThIPbUTYA.

ABTOpIIap 3epTTENETiH ayMaKTapIarbl HApHUK ra3gapbIHbIH Ka3ipri )KoHe O0JDKaraH Taparybl MEH
KUHATYbIH TaOUFU KOHE TEXHOTCHJIK MapameTrpiiepre OaillaHbICThl BU3yalU3alUsIaHFaH Oaranay
Kyprizyre MyMKiHIIK OeperiH reomHpopmammsuiblk skyienepmer (I'AJXK) wHTerpanusuianran
HEHUPOHBIK KENUTIK Monenbaepal a3ipieni. CoHpaii-ak, ©CIMIIKTepAiH 6©cCyl MeH JaMyblH
BU3yalM3alusIay oicl YCHIHBULABI, OyJl JKOFapblia atanfaH (axkTtopiapra OalIaHBICTBI ©CIMIIK
©CyiHIH OpTalla MapaMmeTpiepiH TaHAayFa MYMKIHJIK Oepeai. Aybll HIapyallbUIbIFbl OHAIPICT YIIIH
0acbIM OCIMIIKTEpIIH TOPT ©Cy Ke3eHI MEeH Oec JaMy KoHE ecipy jKardaibiHa KaTbIicThl 3D
MoenbAep OaHki a3iprienal. MyHaait Moaenbaep oCIMAIK MOCHUETIHIH OMIpIIK [UKIiHIH OapibIK
KEe3eHJepIHAe, OpTa IMapaMeTplIepiHIH MOHJIEPIHIH OPTYPJl KOMOWHAIMSUIAPBIHAA >KOHE CHIPTKBI
ocepyiepiiH Oenrini mapameTpliepiHze camanblKk KYHiH BU3yanu3alMsUlaHFaH Typie Oaranayra,
OHTAaMWJIBI JKaFrnalaapAbl TaHJAM, COMKECIHIIE TUIM/II TEXHOJOTUSIIBIK KapTaHbl KypyFa MYMKIHIIK
oepeni. Lludprablk MOHUTOPUHITIH HOTHXKECIHAE ©CIMIIKTEP/i OTBIPFBI3y MapameTpiepi OoibIHIIA
OHIMJILTIKTI apTThIPYFa BIKIAJ €TETIH KOHE NapHUK Ta3/lapblHbIH 9CEpPIH TOMEHIETYre OarbITTalIFaH
allanTalMsJIbIK CLEHAPHIiIep a31piaeHe .

Kipicne

Kenreren camanmapnarbl Topi3fl, aybUl IIAapyallbUIbIFBl OHJIPICIHAE >KYMBIC ICTEMTIH Ka3ipri
aBTOMATTaHABIPbUIFAH aKMapaTThIK XKYHesep OomkamIay jKoHe AepeKTep i MHTEeIUIEKTyalIbl Tanaay
GbyHKIUSITapBIMEH JKaOJIBIKTATybl KEepeK, COHJai-aK, CallabIK JKaFaaidl JKoHE aHAIUTHKAIIBIK
OPTaJIBIKTAP/IBIH HETI31H/Ie HOTIDKENEPl TYPaKThl TYpAE KaHAPTYAbl KaMTaMackl3 eTyi Kaxer [1,2].
AliTa KeTy KepeK TEXHOTEHJIK >KoHE TaOuFu OOBEKTLIep, COHNal-aK OJapJblH e3apa OpPEeKeTTecy
mporecTepi JKOFapbl JWHAMHKA MEH KYPACIUIIKIEeH cumartanansl. byn camaga nudprbix
TEXHOJIOTHSIIAP/IbI TTalijalany 00beKTUBTI ceOer-canaapiiblK OalIaHbICTap bl aHBIKTAI, aJICKBATTHI
Oaranaysap jkacay IMepCleKTHBAChIH alKbIHIai1bl. ABTOpap/a KacaH bl HEUPOHBIK XKeJliep MeH
Oyinblp joruka, reouHpopmanusuiblk skydenep ([MC) xone 3D mopengey TEXHOJOTHUSIIAPbIH
CHHTE3/IIK KOJIJaHy HETi31HJe MHTEIJICKTYaJJIbl SKOJOTUSIBIK MOHUTOPHHT JKyHenepi MeH IIemliM
KaObUIMaypl KONy YIIH THIMII aKMapaTThIK KaMTaMachl3 €Tyl d3ipiey Toxkipubeci Oap,
MbIcaibl [3,4].
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byrinme ka3ipri KOFaMHBIH MaHBI3/Ibl KOHE KCHIHEH TaJKbUIAHATHIH >KahaHIIBIK SKOJOTHSIIBIK
Macenenepain Oipi — mapauk 3¢dekrici (I19). Armochepanarsl napauk rasgapbiabiy (I110)
KOHIICHTPALMACBIHBIH, ocipece KoMipKbIIKbUI ra3sl CO2 NeHreiiHiH e3repyi MaHbI3/Ibl MOHTE HE.
byn perte, osgerre, *KbUTy COyJIECiHIH TOKTAN KaIybl MEH KJIMMATTHIK ©3repiCTepMEH OaillaHbICThI
Tepic HOTHIKENIEP KApacThIPBLIAIbl: TEMIIEPATYPaHbIH KOTEPLTyl, 030H KaOaThHIHBIH OY3BLIYBI KOHE
1.0. [5,6]. Anaiina, Peceli, Kazakcran, [lonbina, Uexus, ['epmanus, Kanana sxone 6acka ma enjep
CHSKTBI TOYEKEJJl eriHIIUIIK aiMakTapblHa >KaTaThlH eijuep YUIiH napHUK 3ddekTiciHig
OCIMIIKTEPAIH (OTOCHHTETUKAIBIK OCIICEH IUTITIH apTTHIPYBI XKOHE TOBIPAK KaFIalbIH KaKCapTybl
CHSIKTBI ©T¢ MaHbI3/Ibl eKiHIIi karbl Oap [7,8]. Ockunaiiina, Gipkarap 3eprreysiep (Mbicansl, [9-11])
atMocepanarel CO2 KOHIEHTPALUSACHIHBIH KOFaphUIaybl aybll MIAPYalIbUIBIFEl JAKbLIIIAPBIHBIH
OHIMJILIITIHE OH dCep €TKEHIH KOpceTTi: OapIbIK Typliep OoiibIHIIa opTalia eHIMAUTIK 26%-Fa apTca,
®Kac eciMmikTepIiH Kyprak 3at wmemmepi 40%-Fa eckeH. 3epTTeynep KOpPCETKeHIEeH, Kac
eciMIIKTepAiH OnomaccacelHbIH JaMybl keOiHece CO2 AeHreiiHiH JKOFapbl OOJybIHA OJIIeKaiiia
cesimran Oonapl: CO2 KOHIEHTpAaLMSACHL €Ki €ce apTKaH JKarjgaina, IoOHAI JaKbUIIap.IbIH
OHIMJILTITIHIH 6cyl OMoMacca eCIMIHEH IIaMaMeH eKi ece sxorapsl (36% xone 20%).

FoutbiMu xapusutaHeIMIapApl Taljay KepCeTKeHJEH, Kas3ipri yakeITTa HapHUK YPQeKTiCiHiH
JMHAMHKACBIH/IA aybUI MIAPYalIbUIBIFBI ayMaKTapbIHBIH MTApaMeTpiiepiH 0ObEKTUBTI TypAe Oaranayra
KOHE BIKTUMAJI OHIMILUTIIKTI aHBIKTayFa MYMKIHIIK OepeTiH 3eprreynep ote a3. COHbIMEH Karap,
JKOFaphlla alThUIFaHma, by perrte, Kofapelga aram OTKEHIMi3neH, mapHuk 3¢hdeKTiciHiH
JMHAMUKAChIHAa OMOTEeXHOC(Eepaaa Kypill KaTKaH MpOoIecTep Kypaeni OonbInm TaOblIaabl sKoHE
OpTYpJIi TeTeporeHjii AepekTepiiH e3repyimen cumattanansl [12,13]. Coalikec cebemn-cannapibik
OaiiaHbpIcTap bl a1€KBATTHI KopceTy yiriH [ mbry neHreiiin, Tapaty skoHe )KUHAKTATY IapTTapbl
MEH HOTHXKENIepiH CaHJABIK JKOHE KEHICTIKTIK Oaranayra, COHAal-ak eriH ceOyaiH ©OHIMILIIK
TYPFBICEIHAH THIMJII MapaMeTpiepiH aHBIKTAWTHIH aJanTalMsUIbIK CIEHAPUUAICPl KaJIbIITACTBIPY
MeH OaraiayFa MyMKIHJIK OepeTiH MOJIebAep MEH aJrOpUTMIEP KEIIEHIH KYpy KaXKeT.

[1D nuHaMUKachIHAA aybUl MIAPYAIIbUIBIFEl JTAKbUIAPBIHBIH JAMYBIH MOJCIICY HOTHXKEIICPiH
0oJpKay JKOHE BU3yallu3allMsiiay KopIilarad opTa paKkTopiaapsl, Cy pecypcTapbl MEH MUHEpaIIapablH
KOJDKETIMUTIT, (POTOCUHTETUKAIIBIK OEJICEHIUTIK, TEXHOC(HEPAHbIH 9CEPIH MHTETpaLlusiIayFa Keel
Tajmay JKyprizyre MyMKiHIIK Oepeni, Oyl KbIMOAT >KOHE EHOEKTI Ken KaXEeTCIHEeTIH ana
OKCIIEPUMEHTTEPIH OTKI30€CTeH JKy3ere achlpbuiagbl. HeWpoHABIK IKenuiepai MOAeNaey
TEXHOJIOTHUSIAPBIH, COHIali-aK BUPTYaJ bl )KOHE KOCHIMIIA IIBIHBIK TEXHOJIOTHUSIIAPBIH MaliaanaHy
MMUTALUSUIBIK OpTaHbl MYMKIHJITIHIIE KON MapaMeTpiiepMeH KypyFa MyMKIHIIK Oepeni. byn, e3
KE3€TiHJIe, aybll MIapyallbUIbIFbl JAKbUIAAPBIHBIH ©6CYl MEH JaMybIH FaHAa €Mec, COHBIMEH KaTap
OJIapIbIH 6CY OPTACKIH Ja MOJIENACYTe KO ama sl [14].

3eprTey dicHaMachl

By 3eprreyniH Herisri FUIBIMM MIHJETI — HUQPIBIK MOHUTOPUHITIH KeJecl (yHKIMsUIapbiH
KaHapTyFa MYMKIHJIK OepeTiH MOJeNbJepAil a3ipIey:

- KapacThIPBUIBIN OThIpFaH aymakTa atmocdepamarbl [T ka3ipri >koHe OOJKaMIbI JEHTECHIH
Oaranay;,

- [ID nuHaMHWKachIHAA aybul MIApyallbUIBIFBl JTaKbUITAPBIHBIH ©CYy MPOILECiH MOJEINACY >KOHE
(OTOCUHTETHKAIBIK OSJICeHIUTITIHIH ©3repiCTepiHiH HOTIKENIEPiH BU3yaln3anusiay.

Kofipuiran MIiHAETTI OpbIHAAY YIIIH aBTOpJap >KacaHAbl HEWPOHIBIK KENiJep ammapaTbhiH
(OmotexHocdepaHbIH KYH MapameTpiiepi apachlHIarbl ceOen-canaapiblK OaillaHbICTapbl aHBIKTAY
yuriH, [ msiFysl, Tapamxybl JKOHE >KWHATYBIHBIH HOTIDKEIIEPIH AaHBIKTAWTBHIH) KOHE KOCBHIMIIA
IIBIHJBIK KYpalJapblH (3€pTTENETIH ayMaKTaFbl aybUl MIApYaIlbUIbIFEl JaKbLIAAPIHBIH BIKTUMAI
OHIMIUTITIHIH JHHAMHUKACHIH BHU3yalW3allUsJIaHFaH MOJIENIey koHe Oaranay yuriH, [1D ocepinne
KaJIBINTACKaH CBHIPTKBI OpTa MapaMeTpiepiH ecKepe OThIPhIN) maiaananjsl. [lapHUK ra3gapblHBIH
(IT") atmocdhepanarsl AeHTeiiH Oaranay >koHEe OOMKay MOJETIH d3ipJiey YIIH Keleci HeUPOHIBIK
KeJIl TOIOJIOTHSUIAphl TaHJAAJIBL: KONKaOaTThl MEepLEeNnTPOH, KYPbUIBIMBI 1-CypeTTe KepCeTuUIreH,
KOHE paauaiabl 0a3UCTIK QYHKIUACH Oap e, KYpbUIbIMBI 2-CYpETTe KOPCETIITEH.
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Kipic xabamwvl N-1 orcacvipvin Kabam N orcacvipvin Kabam Hlvizvic Kabamol

Cypem 1. Kenkabammui nepyenmpoHubly KYpbliblMbl

Kipic xabamvi Hlvizvic Kabamol

Cypem 2. Paduanovl 6azucmix ynkyusicol 6ap s#cacanobl HeUPOHObIK JHCENTHIH KYPbLIbLMbL

KenkabarThl nepuenTpOHHBIH KYPBIIBIMBI KEJIECI 2IEMEHTTEPICH TYpPabl.

- kipic KabaTel: By kabaTka Kipic MoHIep BekTOphl Tycemi X = {X1, X2, X3, Xa}, MyHAaFbl: X1 -
HIBIFAPBUTBIMIAPIBIH KOJIEMIIK IIBIFBICH (M?/CaF); X2 — ra3fblH KbUIAaMIBIFEl (M/C.); X3 — JKeJ/iH
KBIIIAMIBIFBI (M/C); X4 — IIBIFAPBUIBIM HYKTEJIEPIHEH 3€PTTENIETIH ayMaKKa JeHIHT1 KalIbIKTHIK (M).
Bbyn kipic kabaTel MOAETBAIH OHACNETIH AePEKTEpiH KaObUaaiiabl. by kabar jkakblH aymakrapa
OpHaJIaCKaH CTAIlMOHAPJIBIK TEXHOTCHIK KO3/Iep/IeH IIBIFapbIHIBUIAPAbIH CHIIATTaMaIapbl TypalIbl
aKmapaTThl KaObUIIaNIbI;

- JKacelpplH KaOaTTap, oJlap CBIPTKbl OpTaJarbl ©3apa OpPEKETTECTIKTI KOepCeTelll MKoHe
aTMocdepaHbIH xep OeTinaeri kabareiHaa 11" Tapamybsl MeH KMHAKTaly POLEeCTEePiH CUIATTaliIbI;

- IIBIFBIC KabaThl, oi aTMocdepansiy xep Oeringeri kabateiHmarel [II''Y = {y1,Yy2, V3, Ya}
BEKTOPBIH Oepeii, MyHAarbl Y1 — KeMipKbIKbUT ra3sl (CO2), Y2 — metan (CH4), y3— 030H (O3), Ya—
azor okcuai (N2O Bys KOMIOHEHTTepAiH TaHIalybl MapHUK 3()dEeKTiCiHIH AMHAMHUKACBIHA dCep
eTeTIH Heri3ri rasjap eKeHIiriMeH Tycinaipiieni. Paaumannel 6a3ucTik (yHKUMACH Oap KeNliHiH
KYpBUIBIMBI €K1 HEMPOHJIBIK KabaTrTaH Typaabl: bipiHmi kabat HeilpoHaap Kipic MOHIEP BEKTOPBIH
OHJICH I oHe opOip MOHHIH panuaiabsl 0a3uCTiK QYHKUMATIAPABIH OPTAJIBIKTAPbIHA KAHIIAIBIKTHI
XKakKplH eKeHiH aHbIKTaijbl. IlIbiFpic KabaT — Oy OipiHIN KaOaTThIH MIBIFyJapblHAH aJlbIHFaH
CBI3BIKTHIK KoMOmHanusiaap. ComaH KeiliH, aybll IIapyallbUIbIFbl JAaKbUITAPBIHBIH Ka3ipri jkKoHe
OopKkaraH ecCcyl MEH JaMyblH BHU3yallu3alMsiiay YUIiH, HUQPIBIK MOHUTOPUHI HIeHOepiHze
’KaHAPTBUIATBIH MOJET/ICY aITOPUTMI YCHIHBUIFAH, OJ1 3-CypeTTe KOpCETiITeH.
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[ Bacel

v

TomnbIpak K9HE METEOPOIOTHSIIBIK KOPCETKIMITEPre MOHUTOPHHT
JKYPTi3y jKoHE aybUl IIapyallblIbIFGl MOJACHHETIH ailKbIHAAY.
Jepekrep 6a3acsiHan Tricti 3D MOAENiH MAKBIPY

v

Cy pexuMiH MoJembaik Oaranay

v

OCIMIIKTIH 6Cyi MEH IaMyblH MOZEIbIK Oaraiay

v

Beiineney Hpicaniapsl. 3D Moaenbep
Banki.

KapacThIpblIbi OTBIPFaH ayMaKTaFbl

OCIMIIKTIH 6CYi MEH IaMyblH MOZEIbIK Oaraiay MAPHUKTIK 3QGEKT TMHAMHKACHIHBIH
4 HHTEJUIEKTYAJI (bl MOHHTOPUHI'1
BeiiiMzery cueHapHiiiH KaJbIITacThIPY, Oaranay jKoHe CalbICThIPY l
5 <

v

OHIMIITIKTIH )KOFaphl JEHIeliH aly YIIiH HaKThl OacKapy ocepiepin
azipuey

Beitimuneny cuenapuiinepi

6
TOHBIKTLIpBII[FaH MIBIHABIK TEXHOJIOTHUSCBIH 93CKTCHJIipy
7
I15 auHamuKace! sKarqalibIHAA ©CIMIIKTEPAIH AaMybIH
8 BUSyaMsalAnay OcyaiH apTYpili Ke3eHAepiHAeTi oCiMIIKTepIiH

JamysiHbIH 3D Mozenbaepinin banki

v

Iermiv KabpuIAAYIIBI TYJIFAFa aKmapar oepy

Cypem 3. Ayvln wiapyauvliivlebl 0aKblIOApbIHbIY OCYIH MOOEIbOeY JHCIHE U3V ANUZAYUSNAY,
aymMaKmoly OHIMOLICIH Dazanay aieopummi

bipinmi ke3eHzae 3epTTeNeTiH ayMaKThlH TEXHOTEHJIK *XoHe TaOufu Kypamjaac OeliKTepiHiH
nmapamMeTpiiepi aHBIKTaJaabl, COHAAW-aK aybll I[MapyalmlbUIBIFBl JaKbUIBIHBIH TYPl TaHAATaJbl;
KeliHHEeH — colikec JiepekTep KopbiHaH oHbIH 3D mopeni maksipbuiaabl. 7, 8 skoHe 9-Kanamaapiaa
JEPEeKTePAl KEHEUTUITEH MIBIHABIK TEXHOJOTHSCH HETI31H/AE€ KEHICTIKTIK BU3YyalIH3alusiiay
KYprizijieni, COH1ai-aK eCiMIIKTEp/IiH 6Cyl MEH JaMybIHBIH Ooikayiisl 3D Moaenbaepi Kypbliabl.
3epTTeneTiH ayMaKTa aybUl MIapyallbUIbIFbl TaKbUTIAPBIHBIH OHIMIUIIT OCIMIIK TeH OHBI KOpIIaFaH
opTa — atMoc(epaHbIH kep OeTiHeri KabaThl MEH TOIBIPAK apachlHAAFbI 3aT aMacy jKOHE SHEPrus
anmMacy TMPOIECTEPiHIH WHTEHCHUBTUIINT MEH OarbIThIMEH aHbIKTaanbl. VR sxone AR xylenepin
Ka3ipri canaja KoJJlaHy aKnapaTThl KOpCceTy MEH MIeIliM KaObUIJalThIH aaMHBIH KOMIIbIOTEPMEH
©3apa OpEeKeTTECYIHIH JKaHa TEXHOJOTUACKH 00BN TaObUIaAbl. OHBIH €HI13UTY1HIH HOTHXKENIEp] ayblil
IapyallbUIbIFBl ayMaFblH OeiimMiey OolbIHINA KaObUgaHFaH Oackapy IIeNIMJepiH Oaranay >KoHe
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CANBICTBIPY YIIIH THIMII TNaifanaHbUTybl MYMKIH. Byl MMHUTAaIMSUIBIK SKCHEPUMEHT XKYPrizy
apKBUIBI: aybll IIAPYallbUIBIFbl TAKbUIIAPBIHBIH HAKTHI JKaFaaiiapaa, KONTEreH MmapaMeTpiiepain
KOMOMHAIMSICHI 9CEPIHEH, 6CYl MCH JaMYBIHBIH HOTHIXKECIH JKEJIell )KOHE KOPHEKI Typ/e Ooinkayra;
OKCIIEPUMEHT OTKi3y Mep3iMepiH OapblHIIA KBICKAPTYFa; MAaTCPUAIIBIK JKOHE eHOEK
pecypCTapbIHbIH IIBIFBIHIAPBIH a3aiiTyFa; TaOMFU OpTara Tepic ocepiai TOMEHJETYre MYMKIiHIIK
oepeni.

3eprrey HOTHKeIEPi

Xorapeima cunarTtanFaH TOIMOJIOTHSUIADMEH SKCIIEPUMEHTTEp IKYPTi3iUidi, OHJa KAaCHIPBIH
KabaTTapJIblH CaHbI, KabaTTapaarbl HEHPOHIAP/BIH CaHBI, dPTYPIl aKTUBAIMS (YHKIUSIIAPHl MEH
oKy anroputmaepi e3reptinai. MATLAB xyiiecinig Neural Network Toolbox makeTi KoJIaHBUIIBIL.
KypacTplpbuiran HEUPOXKETUTIK MOJCNIbIACPAIH aJleKBaTTHIFBI KeJeci KpuTepuiiep OoibIHIIA
aHbIKTaIIBL: (1) opTalia KBaJpaTThIK KaTe S, 0J1 KEeiHI OKBITY IPOIECIHC MUHUMHU3ALUsIaHaIbI (2)
neTepMuHanus KodhGumreHTi R?, on KaeTTi IIBIFYIBIH TUCTIEPCUSCHIHBIH YJIECiH cunaTTaiasl; (3)
OKBITY 7KOHE TECTIJICY TONTaMalIapbIHAAFbI AIIIPOKCUMAITUSHBIH OpTaIlia KaTeci, 01 KypacThIpbUIFaH
MOJIETIB/IIH carachl Typaibl )KaJIbl TYCIHIK Oepei.

1 A
S=-Yi1Zi—z «y
2 Z?:l(Z_L_ Z)Z
R® = Y (2i- 7)? (2)
- 1 2i_Zi
A=y, = )

Kypactelppuiran MozenbJep/iH canachlH Oaranay YIIiH OKBITY IPOIECiHAE KOJIaHbUIMaraH
TECTUJIEy TONTaManapbl NalJalaHbUINBl. Erep mIbiFy mapamerpiiepi YIIiH anmpOKCHMAalUsSHBIH
oprama kareci 10%-maH a3 Oojca, OHAA KYpacThIPbUIFAH MOJENB/IIH KaKChl OOKaMIbIK
KaOljgeTTepiHe M€ eKeHAIr ecenTenal. l-kecTene cumarramanapibpl TaHjaay OOWBIHINIA
HKCHEPUMEHTTEPIH HOTHXKeIepl OepllreH, €H MKaKChl HOTHXKeNep KOpPCEeTKEH MOAebAepIiH
napaMmeTpiiepl KepceTUIreH.

Kecme 1. Amanmviw aymaxma Il xonyenmpayusnapvin 601dcay Yulii HeupojiceniiiKx Mo0envoin
CUNAMMAMANAPLIK MAROAY OOUBIHUA IKCHepUMEeHmmepOiy HOmuicenepl

Dyukyusacsl
Keni HKacoipo arcaculpvii Kabam - -
Kabammazvl . S 10° R?, % A% Ay, %
MONONO2UACHL 4 HeUpoHOapbiH
HeUpoHOap caHul P :

e/ceHoipy
RBF 143 Paouanovi neciz 0,1 99,89 0,90 3,12
Ilepcenmpomn 9 Col361Kmoix 0,18 99,72 0,92 2,36
Ilepcenmpon 11 Coi3biKmoix 0,14 99,87 0,77 4,64
Ilepcenmpon 15 Col361KmblK 0,15 99,82 0,82 4,12
Ilepcenmpon 17 Coi3b1KmoulK 0,19 99,75 0,88 4,18
Ilepcenmpon 19 Col3b1KmbiK 0,2 99,58 0,92 3,48
Ilepcenmpon 8 Cuema mapizoi 0,16 99,88 0,93 2,35
Ilepcenmpon 12 Cuema mapizoi 0,12 99,86 0,94 2,44
Ilepcenmpon 13 Cuema mapizoi 0,14 99,88 0,97 2,39
Ilepcenmpon 20 Cuema mapizoi 0,17 99,85 0,98 2,32

Tecriney skCepUMEHTTEPI €H JKaKChl HOTHXKeNep/i 2 *acklpblH KabaThl (opOip kKabarTa 4 sxoHe
CHTMOWJa AaKTHBAIUs (QYHKIHSIIAPHI
TOIOJIOTHSACBIMEH KYpacThIPbUIFaH jkacaHabl Heiiponapik kemine (OKHIXK) Oaiikamamer. By
MozenbAiH KypeuibiMbl MATLAB xyiiecinae 4-cypeTTe KopceTuIreH.

20 HeHWpoH) KoHE
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Cypem 4. MATLAB sicyilecinoe dcyseze acblpbliean KONKabammol nepyenmpoH Kypoliblmbl

Hefipoxeninik MoJenbaeyIiH HOTIKEIEPIH BHU3yanu3alusiay KypaiaapbIMeH OipikTipim, 5-
cyperre III' mBIFapbIHABUTAPBIHBIH KEHICTIKTIK Tapalybl JKbUIY KapTackl TYPIHAE KOPCETiITeH
(benropon 06mbIck], PD).
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Cypem 5. Hmumayusanelx Mooenvoeyoiy Homugicenepi

AnbiHFaH AepekTep Herizigae benropox oGnbickiHIarbl atMocdepasblK (GOHHBIH TEHrepiMci3
KYpPBbUIBIMBI 0ap €KEHiH ’oHE HIbIFapbIHIbLIAPIbIH MAaKCUMAaJIbl KOHLIEHTPALMSCHI ILIbIFapbIHbLIAD
KO3iHIH alHallachlH/la OpHAJIACKAHBIH aWTyra Oomanbl. VIHTEHCHBTUTIKKE OaiJIaHBICTBI Keieci
TonTap/el Oeiin kepceryre Ooyafbl: MaKCHUMAJAbl, MYHJIa ©HEPKACINl HIBIFApbIHABLIAPbI 0achiM;
opTaia, MyHJIa KOJIiK IIBIFapBIHABUIAPE 0AChIM; TOMEH, MYH/A HIBIFAPBIHABUIAPIBIH MUHUMAIIIBI
KepceTKimTepi Oalkanmansl. Aybll IIapyalibulblFbl MojeHHeTTepiHiH 1T KOHIEeHTpalusChIHBIH
apTyblHA SPTYPJIl peaKLUsIIapbIH €CKEPE OTHIPHIN, OHIMILIIKTI ApTTHIPY MaKCaThIH/AA KOJIJaHbLIaThIH
aybICIIaNIbl €TiCKe ©3repicTep eHri3y MyMKIHAIr naijga 6oabl.

Hudpablk MOHUTOPUHT asChIH/A YXOHE OHBIH HETI31HAE THUIMJI IMemiMaep KaObUiaay YILUiH
KapacThIPBUIBII OTBIPFAH ayMakTapAa ecipileTiH (Hemece OOJKaHAThIH) ©CIMIIKTEp/iH CcarallbIK
KYHiH Oaranay KaxkeT. ArpoTexHocdepaHblH Oap jkoHe OOJKaMIIbl MOHJEPIHE €H KOFapPhl PEaKIIUs
KOpPCeTeTIH JaKblI1ap bl aHBIKTay MAaKCaThIH/A 3-CypeTTe YChIHBUIFaH aIrOPUTM HET131HAe apHaiibl
KYpa->KaObIKThI 931pJiey MakcaTKa cail 60apl.

[TpropuTeTTi aybll MapyallbUIBIFbl TAKbUIAAPBIHBIH (OMal, CyJibl, apma, xyrepi xoHe 1.0.) 3D
MoOJIeTbAepiHIH OaHK1 931pJeH/ll, 01 OCIMAIKTEP/IH 6Cyl MEH JaMyblHa dcep €TeTiH (paKTopiapablH
OpTYPJli KOMOMHALMSIIAPbIH/IA ©CIN-OHY/IH TOPT HETI3l1 Ke3eHiHe KaThICThl YChIHBUIFaH. bapibIFbl
592 mopens KamThuIFaH, 0ys1 VR/AR TexHonorusmapbId naiiajgany Heri3iHae eCIMAIKTEPIIH KyHiH
BU3YyaJIM3alUsIIaHFaH capanTaMaibIK Oaranay/pl KYprizyre, HaKThI aymakra
KaJIbIITaCKaH/OOJDKaHFaH JKardaiiapAa parioHAIIRl JaKbUIIbl JKOHE TEXHOJOTHSUIBIK KapTaHBI
TaHAayFa MyMKiHIIK Oepeni. MyHait MoesbaepIiH MbIcallbl 6-CypeTTe KOpCeTIIreH.
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HELIANTHUS ZEA MAYS BRASSICA NAPUS BETA VULGARIS

Cypem 6. Ayvin wapyawvlivievl TakpuLIapbiabie 3D modeni mvicanv

VMUTAnUsIbIK  OKCIIEPUMEHTTEP JKYPri3ilin, OcCIMIIKTEpIiH ocy Ke3eHAEpiHiH OoynKaMIbl
BU3YaJIM3alUACHl KOJTAWIbl KaFdaiaapaa Ky3ere achlpbULIbl; HOTHUXKENIEP/iH MbICANbl 7-CypeTTe
KOPCETIITEH.

iy

JKyeepiniy damy Keszenoepi
1-kezeny 2-xesey 3-xeszey 4-xezen
Keminy keseni Ocin-eny eseni

1-keszey 2-ke3zen 3-kesen 4-xeseny
Ony reseni JKeminy xeseni Ocin-ony keseHi Iicy keseni

Cypem 7. JKyeepi men kKynbazvic ocimoixmepiniy ocy kezeyoepiniy 60axicamobl 8U3YATUIAYUACH]

3epTTeneTiH ayMaKTarbl TPUOPUTETTI aybll MIapyalIbUIbIFbl JAKbUIIAPBIHBIH OCYl MEH JaMybIH
UGPIBIK MOHUTOPHMHI asICBIHAA BU3yanu3alusiay, coHjaii-ak I1[-HbIH KEeHiCTIKTiK-YaKbITTBIK
Tapaly HOTHXEJIEPIH BH3yaIH3alusiay YIINH MOOWIBIAI KOCBIMIIA TPOTOTHUIl KACAJJIbI.
OciMIIKTepIiH KYHIH KEHEWTIIreH IIBIHIABIK OOBEKTUIepl  TYpiHAE  BHU3yalu3auusiay
OarmapiamMaliblK iCKe achIpybl TeOMH(POPMANMSIBIK JepeKTepre OaillaHBICTHl JTHMHAMHKAIIBIK
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napamerpiepai mainanasein, [0 KOHIEHTpaAIMACHIH KOPCETY KOHE ayblUl IIapyallbUTBIFbI
MOJICHUETIH BHU3yalu3alusiay YIIIH apHailbl MapKepii KoJaHajbl. barmapiaMaiblK IIemriMii
KOJIJIaHy YIIIiH OpHAJIACKAH Kepi aHBIKTay KaXeT, Oy kebiHece Ka3ipri MOOWIIBII maTdopmManapaa
opHatbutFaH GPS kaObuimaympichl apKbUIbl JKy3ere achlpbuianbl. MHTepdeiicTiH MakeTTepi 8-
CYpeTTe KOpCETIIreH.
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Cypem 8. [lanioananywer unmepeticiniy makemmepi

Y CBIHBUIFAH AJITOPUTMHIH OarmapiiaMaiblK ICKE achIpybl TOIBIPAK, METCOPOJOTHUSIIBIK IKOHE
KIIMMATTBIK KOPCETKIIITEP/I1 €CKepyTe, OJIapAblH Taliaybl 3¢pTTEICTiH ayMaKThIH OHIMIUIIT Typasbl
KOPBITBIH/IBI KacayFa MYMKIHJIK Oepe/ti.

Juckyccus

[lapHuk  ra3gapelHbIH ~ KOHLEHTPALMSCHIHBIH ~ JAMHAMUKAChl  JKarfdalblHIA  3€pTTENeTiH
ayMaKkTapJarbl aybll IIApyallbUIBIFBI  OCIMIIKTEpiHIH KYWIH [HQPIBIK MOHHTOPUHITE
MHTEJIEKTYAIABIK (DYHKIUAIAPIBl XKaHAPTy YIIIH oAicTeMemik Kypan a3ipienai. byn omicteme
’KacaHJIbl HEMPOHJBIK >KenuepaiH MyMKiHaikTepi MeH ['AXK KypannapblH cuHTE3/ey Heri3iHae
3eprTeneriH aymakrta [II-HBIH KEHICTIK-yaKbITTBIK OHE KYpPBUIBIMJIBIK BH3YyallW3alUsIaHFaH
OaranayblH >KoHE OOJDKaMBIH JKYprizyre MyMKiHAiK Oepeni. bipHemie monens mnapagurmanapbl
KapacThIPbLIbII, OJIAp/IbIH aJIeKBATThUIBIFBI TeKcepinai. EH xkakchl HoTH)enep 4 sxoHe 20 HelfpoHHaH
TYpPAaThIH €Kl JKachIpblH KabaTbl 0ap KemnKadaTThl MEPCENTPOH TOMOJIOTHACHIMEH HEMPOHJIBIK Kell
KepceTKeHi anbIKTanas (S= 0,17-107, R? = 0,9985 %, A = 0,98 %, A = 2,32 %).

OCIMIIKTEP/IIH canaiblK KYHIH Ka3ipri >koHe OoJamiak >kargaiiaplia BU3YyalTH3allUsIaHFaH
Oaranay ymiH 3D wMogjenaey, BUPTyalJbl KOHE KEHEHTUIreH HIBIHABIK TEXHOJOTHSIIAPBIHBIH
MYMKIHJIKTEPIH 9pTYpil Ke3eHIep/e ICKe achlpaThlH apHalbl alrOPUTM YCBIHBULIBL. [Ipropurerti
ayblJ IIApyallblUIbIFBl JaKbUIIAPBIHBIH (OUal, cyiibl, apna, xyrepi koHe T.0.) 3D mMozaenbaepiHiH
OaHKi 931pJICHI1, 01 OCIMIIKTEPAIH 6CYyl MEH JIaMybIHA oCep €TETIH afanTallUsIIbIK ClIeHApUUIEPIIH
OpTYpJIi MapaMeTpiepiHiH KOMOMHalMsAIapblHA KAaThICTBl TOPT HETI3r1 Ke3eHJE YCBhIHBUIFaH. byn
VR/AR TtexHonorusiapblH TaijaliaHa OTBIPBIN, 3€PTTENETIH ayMaKTa ecipyre apHajFaH
JaKbpUIIApAbl TaHAay/la BU3yalU3allMsUIaHFaH capanTaMaiblK Oaramayiap >KYprisyre MyMKiHAIK
6epeni. byn Kypan-kaOAbIKThHI Maiilanany jkoHE aJeKBATThl HU(PIBIK MOHUTOPUHT KYPri3y ayblil
IIapYaIIbUIBIFbl KACITOPBIHIAPbIHA TEXHOTEHIIK jKOHE KIMMATTHIK (akTOpiap/blH 9CepiH ecKepyre
MYMKIHAIK Oepeni, COHJai-aK arpoTeXHHUKAJIBIK JKOCMApJapAbl ©3repTy OOWBIHINA FHUIBIMH
HETI3/IereH HIenIiMaepi yakThlIbl KaObuigayra kemekreceni. lllemrim KaObUIAaWThIH TyJIFamap
3epTTEJIETIH ayMaKTa KIIMMATTHIK dCepiiep Il aHBIKTAy KoHE aFbIM/IaFbl/00mKaMIbl MOHACP OOMBIHIIIA
aybl IIApYallbUIBIFBl MOACHUETTEPIHIH ©Cyl MEH JaMyblH BHM3yalu3alusiay MYMKIHJITIHE Hue
00anpl. ¥CHIHBUIFAH TOCLI JKOFAaphl JIQJAIKTET1 BU3yalU3allUsIaHFaH MOJENBAIK Oaranaynapibl,
KEHICTIKTIK JKOHE KYPBUIBIMABIK TalJayabl, COHJAH-aK CBIPTKBl dcep MapaMeTpiepiHiH
JMHAMHUKAchlHAa OalaHBICTBI Kargaiabl OoKaMaayFa KaKeTTi akMapaTThlK KamMTaMachl3 €Tyl
KaJIBIITACTRIPY TaJlall €TUIETIH 0acka MHTEpIUCUUIUIMHAPIBIK canajgapAa UUpPIbK MOHUTOPUHT
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KYHelepiH Kypy YIIiH KOJJIAaHBUTYbl MYMKIH. ApHaiibl aTam ©TEeTiH KaWT, arpo3KOJIOTUSIIBIK
30HHpJICY CIEHApHIIepiHEe KIpeTiH OmoTexHochepaHbIH KYH IapameTpiiepl apachbiHAarbl ceber-
calapIiblK OaiyaHbICTap/Abl aHBIKTAY, COHJA-aK THICTI MOAEIBAEPl KYPY MaKcaThIHAA U (PIIBIK
MOHHUTOPHHT I1€H MIETIiM KaObLIIay bl KOJIAayAbIH () YHKIHSIAPBIH OJaH 9pi TaMBITY MEH KEHEUTY/ i
Tajam eredi. byl TeXHOTEHIIK KOHE KIMMATTBIK ocepiepliH OHIMIUTIKKe ocepiH Oaranay MeH
0oJrKay, COHJal-aK KaKeTTI KOpCETKIIITepre >KeTy YIIH e3repMeni MmapaMeTpiiepiH MoHACPiH
AHBIKTAY YIIIH MaHBI3/IbI.

KopsIThIHABI

byn >kymbicTa aypin mapyambUibiFbiHAa [ID nuHaMuKachl >karnalblHIAa WHTEIJICKTYaslabl
MOHHUTOPHHT XYHENepiHiH QYHKIUSIAPBIH YHBIMIACTHIPY YILIIH Ka3ipri TU(PIIBIK TEXHOIOTHSIIAPIbI
KOJJlaHy  KapacTelppUiraH.  Jlepekrep, MozenbAep MEH  alropuTMIepil — MaiianaHy
MEXIUCIUIUTMHAPIIBIK 3epTTEYNIEp KYPri3y MYMKIHIIKTEpiH KEHEHTyre, aybll IIapyallbUIbIFbI
KOCIMOPBIHAAPBIHBIH €TIC KYMBICTAPBIH KETIAIPY, kahaHIbIK TaOMFU-KIMMATTBIK ©3TepicTep MEH
OouoTtexHocepaHblH alMAaKTBIK EpeKIIemiKTepiHe Oedimaeny >XeHIHZIeri menrimaep KaObuiaay
MIPOLIECIH KETUIAIpYre MYMKIHAIK Oeperi. by FhUIbIMU HETI3[eNreH arpo3KOoJOTUSIIBIK 30HUPICY
apKBUIBl aybUI MAPYAIIBUIBIFBl JTAKBUIIAPBIHBIH JKOFAphl OHIMJLIITIHE KOJI JKETKI3yre CemnTiriH
turizeni. KypacTeippiiFan Mozenbaep, JambiFan Monenbaep, 9IC, allfOPUTM JKOHE OJap.IbIH
OarmapiamMalbIK iCKe achIpybl alMaKTBIK aBTOMATTaHABIPBUIFaH OacKapy JKyilesepiHiH KeHeUTireH
byHKIMsIapel 0ap MoACUCTeMaIapbliH Kypy KOHE jKaHAPTY YIIiH, COHai-aK 0acKapylbsl oprasiap
MEH MaMaHIaHbIPBUIFaH YHBIMIAp TapanblHaH Ta0OUFU, KIMMATTHIK XKOHE TEXHOTCHIIK dCepIIepaiH
JMHAMHUKACBIH €CKEPe OTBIPHII, FHUTBIMU HET13/I€NTeH a/IalTAI[USUIBIK CIICHAPHUILIEP/l KaJIbITaCTIPY
MaKcaTbIH/1a TTaliJalaHbLTYbl MYMKIH.

AJIFBIC
Kymbic Kazakcran PecmyOnmukacsl FputbIM kKoHE >KOFapbl OUTiIM MUHHUCTPIITiHIH FhuUTBIM
KoMUTeTiHIH KonaaybiMeH (AP23489999 rpaHTThIK k00achl) OpbIHAAIBL.
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YHUBEPCHUTETTIH KOPIOPATUBTI NOPTAJIBIHBIH APAJIAC NJEPEKTEP
ATBIHBIH BACKAPYTA BEUIMJEJI'EH BACKAPY )KXYUECIH KYPY

Anoamna

Byn Makamaga yHHBEpPCHUTETTIH KOPIOPATUBTIK JAEpEKTep KOPBIH Oackapy JKYHeciH KYpyObIH
MaHBI3IBUIBIFE MEH KaXXETTLIT1 TalKbUIaHaabl. MamiMeTTep KOpBIH Oackapy OimiMm Oepy yrepicTepiHiH,
OKIMIITUTIK KBI3METTIH JKOHE CTPATEeTHSUIBIK IIenTimMaep KaObUmayAblH THIMIUTITIHE 9cep €TeTiH 3aMaHay’
YHHBEPCUTET MCHE/DKMEHTIHIH MaHBI3/IbI aCTIeKTici OOJIbIN Ta0blIaabl. Makaiaaa YHUBEPCUTETTIH IEPEKTEP
KOPBIH OacKapyaarsl Oap Macemnenepai KbICKapTy/IbIH JKOHE OCHI MaceseNep/Ii Iele ajJaThlH KOPIIOPaTUBTIK
KYHe TYKBIPHIMIIAMAachlH YCHIHAambl. MyHmalt JKydeHi o3ipiey VIIH opTypii HAepeKTep arblHAapBIH
apajacThIpy Ke3iHJIe, KOPIIOPATUBTIK JKYHCHIH NUHAMHKAJIBIK aFrbIHIAAPBIH OHACUTIH OHTAWUJIBI aarOpUTMI
Kypbuiabl. KypbUiraH anropuTMai KOJAAaHBICTAFbl aITOPUTMIEPMEH CANBICTHIPY Kyprizinai. Hotmxkecinne
KYpBUIFaH aNTOPUTMHIH JepeKTepAi Oackapyla yakbITTBl THIMAI TaiTalaHATBIHABIFEl AHBIKTAIABL. by
YKYMBIC Oi1iM Oepy callachlHa apajac IepeKTep aFbIHBIH OacKapyIbl aBTOMATTaHABIPYyFa bIKIAN eTesi. by o3
KE3eTiH/Ie MalJalaHyIBIHBIH YaKbITBIH YHEM/ICI, XKbIIIaM opi HAKThI XKayall ajlyblHa KOMET1H THUTi3e]Ii.

TyiiiH ce31ep: AepeKTep KOPbl, ATOPUTM, ABTOMATTAHABIPY, OHACY.
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PA3BPABOTKA KOPIIOPATUBHOI'O IIOPTAJIA YHUBEPCUTETA, AJAIITUPOBAHHOI'O
JIJISI YITIPABJIEHUSI CMEIIAHHOM CUCTEMOM YIIPABJIEHUSI IOTOKAMM JJAHHBIX

AnHomayus

B nanHOI1 cTaThe paccMaTpuBaeTcs BaXKHOCTh M HEOOXOAUMOCTh CHCTEMBI KOOTIEPATUBHOTO YIIPABICHUS
yHUBepcuTeTa. MHPOpPMaIMOHHBIH MEHEPKMEHT SIBJISICTCSI BaXKHBIM aCIEKTOM COBPEMEHHOTO YIPAaBJICHHS
YHUBEPCUTETOM, KOTOPBIA MPUBOIUT K IPPEKTUBHOCTH 00pa30BATEIHHOIO TPOIECcca, aAMHUHUACTPATUBHOM
CIy>)kObl W TIPUHSATHS CTpPATETMYECKUX pemreHuil. B craThe mpemimaraeTcs KOHIENINS KOOIIEPATHBHOM
CHUCTEMBI, KOTOpasi CIIOCOOHA PEIIUTh OCHOBHBIC MPOOJIEMbI By3a M PEUIMTh MpodiieMy. [yt MoaenupoBaHus
TaKOW CHCTEMbI MPU CMEIIMBAHUHM PA3JUYHBIX ITOTOKOB JAHHBIX OBUI CO3JaH ONTHMAJbHBIA AJTOPUTM
00pabOTKM NWHAMHUYECKHX ITOTOKOB KOPHOPATHBHOHM cucTeMbl. CO3JaHHBIN alTOPUTM CpPaBHHUBAJICS C
CYIISCTBYIOLIUMH aaroputMamu. B pesynbTare ObLIO ONPEaeeHO, YTO CO3AaHHbIA aaroput™ 3)(GeKTHBHO
KCIIOJIB3YET BPeMsl MPH YIPaBICHUH JaHHbIMH. J[aHHas pa0doTa CIIOCOOCTBYET aBTOMATHU3AIUU YIIPABIICHUS
CMEIIaHHBIMU TOTOKaMH JIaHHBIX B cdepe oOpa3oBaHus. JTO, B CBOIO OYepellb, IOMOTAET IT0JIb30BATEIIO
COKOHOMUTbH BPEMSI U MOIYIUTH OBICTPBIA U TOYHBIN OTBET.

KuaroueBsble ciioBa: 0asa JaHHBIX, AJITOPUTM, aBTOMaTH3a1usl, 00padoTKa.

ZH.N. Orazbekov!, O.M. Mussilim®
!Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
DEVELOPMENT OF A UNIVERSITY CORPORATE PORTAL ADAPTED FOR MANAGING A
MIXED DATA FLOW MANAGEMENT SYSTEM

Abstract
This article discusses the importance and necessity of a cooperative university management system.
Information management is an important aspect of modern university management, which leads to the
effectiveness of the educational process, administrative service and strategic decision-making. The article
proposes a concept of a cooperative system that can solve the main problems of the university and solve the
problem. To model such a system when mixing different data flows, an optimal algorithm for processing
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dynamic flows of the corporate system was created. The created algorithm was compared with existing
algorithms. Asaresult, it was determined that the created al gorithm effectively uses time when managing data.
This work contributes to the automation of mixed data flow management in the field of education. This, in
turn, helpsthe user save time and get a quick and accurate answer.

K eywor ds: database, a gorithm, automation, processing.

Heri3sri epeskesep

byn 3epTTeyniH Heri3i UACSIChl — THIMJII aKapaTThl OaCKapy/Ibl KAMTaMachl3 €TETIH KOHE IICIIM
KaObUIay YAEPICIH >KeleNIeTeTiH YHUBEPCUTET YUIIH KOPIOPATUBTIK JEpeKTep KOPBIH Oackapy
KYHECIH KYpy KaXeTTUIriH Herizmey. AnylLogic mMonenbaey opTackl YHHUBEPCHUTET ACPEKTEPiH
Oackapy YIIH HMKEMJi XOHE MacHITa0TalaThIH apXHUTEKTYPaHbl KaMTaMachl3 €T€ OTBIPBII, OCHI
KYHEH1 o3ipJiey KoHE ChbIHAYy VIIiH NaiganaHbliafbl. 3epTTey MaKcaTTapblHa KOJ JKETKI3y YIIiH
YHHUBEPCHUTETTIH JIepeKTep KOpBIH Oackapy OOWBIHIIA KOJAAHBICTAFbl IICIHIIMICpPIre Taujgay
KYPrizuizi. Y HUBEPCUTETTE KOPIIOPATUBTIK AEPEKTEP KOPBIH OacKapy »KyYHeciH Kypy, Oi1imM Oepy MeH
Oackapy carmachblH apTTBIPY KOJBIHIAFBI MaHBI3IbI KaJaM OOJIBIN TaOBLUIATHIHBIH aTall KepCeTyre
Herizgenred. AnyLogic opTacelH/Ia )KacallFaH Kyle IepekTepai 0acKkapy THIMALUIITIH ailTapiabIKTan
apTTBIPA OTHIPBIN, CTYACHTTEp MEH MYyFalIiMIEp YIIH aKnapaTThIH KOJDKETIMIUIITH KaMTaMachl3
eTin Oackapy memiMaepid Kabbuiaay bl dKeHUIIeTe/l.

Kipicne

YHHUBEpCUTETETTEPACTT aKMapaTThIH KONTIrl KOHE OJapAblH OHJENIN THICTI OpBIHIAapFa
KETKI3UTyl Kas3ipri TaHJarbl YHMBEPCUTET OKIMIILUIITIMEH >KYyHe KYpacThIpYIIbUIAPBIHBIH YJIKEH
npobemMackl OOJIBIN TaObLIaAbl. Y aKbITTHI THIM/II TAMATaHy XKOHE KYNHE )KYMBICHIH OHTaIISHABIPY
MaKCarbIH/18 YHUBEPCUTETTIH KOPHOPATUBTIK AEPEKTEP KOPbIH OaCKapy/IblH aBTOMAarTaHAbIPbUIFaH
KYHECIH Kypy THIMIJIi O0bI TAOBUTANBL. Byt ©3 Ke3erinjie TYTHIHYIIbUIAp YIIiH eH 0aFajibl yaKbITThI
YHEMJIEYyTe KoHE carajbl KbI3MET calachlH KOpCeTyre KoMeriH TUTi3e/l.

3epirTeyain agicHamMachl

3eprrey AnMarhl KajJachlHAA JKYPri3ulll. YHUBEPCUTETTEPHIH KOPIOPATUBTIK JIEPEKTEP
KOPBIHBIH aKMapaTThl aBOMATTHI TYpJe OHIACYAIH THIMALIITIH aiikpiHaay makcaTbiHza Any Logic
OpTachlHa apHAWBI MaKeT KYPaCTBHIPBUIBIN, OHJA YHHBEPCUTETTIH JCPEKTEpP KOPBIHBIH KYMBICHIH
MMUTAIMSUTAWTBIH IaFBIH MOJIENb KYPBULABL. KypbinFaH »xyile KypacThUIBUIFAH aJTrOpPUTMHIH
TUIMJUTITIHE KO3 KETKI3yre *oHe TUIMIUIITIH HaKThl CaHJapMEH J9JIeNIeyre MyMKIHIIK Oepei.

beninren akmaparTbl eHIeyll OacKapyAblH aBTOMATTAaHABIPBUIFAH JKYHECIH KaXeT eTeTiH
OipHenie cedentep 6ap. ConapabiH Oipi AepekTep KeiaeMiHiH yirailysl. Kazipri yHuBepcuTeTTEepAETi
JepeKTep keleMi KypT ocTi. bys cTyeHTTep, OKBITYIIbIIap MEH FBIIIBIMU jK00aiap CAaHBIHBIH apTYHhI,
outiM Oepyne UdPIBIK TEXHOJIOTHSIIAP/IbIH KEHIHEH KOJJIaHBUTYbIMEH OailmaHbIcThl. [lepexTepi
OackapyablH aBTOMATTaH IBIPBLUIFaH )KYHECIH KYPY YIKEH KoJIeMIeT1 IepeKTep/Il )KUHAY, OHIEY jKOHE
cakTay IPOLIECIH KEHUIJETYTe ®KoHE OHTAMIaHIbIPYFa KOMEKTECE/I].

Jlepektepre KbUIIaM KOJI KETKi3y KaKETTITIri: YHUBEPCUTET OPTAChl OKBITY, 3€pPTTEY, KapiKbl
KOHE pecypcTaplibl 0acKapy CHSAKTBI SpPTYpJl cajiajap/ia MaHBI3[bI MICHIMIEp KaObUigay YIIiH
JIepeKTepre KbUIIaM KOJ KeTKi3yAl Tamamn erefi. Jlepekrepai 6ackapyablH aBTOMATTaHBIPBLUIFaH
KYHECIH KYpy IYpBIC JEpPEeKTepre >KbUIAaM KOJ JKETKI3yre »oHe IMIelmiM KaObuigay MpoIeciH
KbUTIaMIaTyFa MYMKIHIIK Oepe/i.

3epmmeyoiy makcamol Mer MiHOemmepi

JKyMBICTBIH MaKCarbl - YHHBEPCUTETTIH KOPIIOPATUBTIK JEpeKTep KOPBIH Oackapy XKylieciH
KYPY/IbIH KOKETTUIITIH aHBIKTAI, AEPEKTEP KOPBIHBIHBIH MOJIIMETTEPAl OHILYIeT1 KUBIHIBIKTaPhIH
aHBIKTAIl OHBIH IICITY KOJAApPhIH YChIHY. AnyLogic opTackiHIa MOJIEIiH d3ipIey.

Kasipri tTanna yHuBEPCUTETTEPNE aKnaparThl oHjey OAPBICHIHIA TOMEHAEriIEH KUBIHIBIKTaP
TYBIHJ U TBI:
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- JlepekTepniy YIKEeH KeJIeMi: YHUBEPCHTETTE OHIEIETIH AEPEKTED KOIEMi oTE YIKEH OOmybl
MYMKiH. ByJs1 nepexkrepni kuHay, CakTay XoHE OoHJIey MPOIECIHAE KUBIHIBIKTAD TYIbIPYbl MYMKIH.
On ynken kenemieri MoTiMETTeP I THIM/II OHIeY 11 KaMTaMaChl3 ETE alarbiH APHAIBI TEXHONOTUsLIIap
MEH Oar1apiamManblK KyPanaapabl KOIMIaHyAbl TaTal ETEn.

- Jlepextepmi nypsIiC Cakray: bemiHren aknapartel oHaeyal 0aCKapyablH HEri3ri aCneKTinePiHiH
01pi nepexTepai cakray OOmbIn TaOBIIANEL. JlepPekTepni ayPrIC CakTamay IEPEKTEPIIH KOFaTybIHa,
aKnapar KayinCi3airi MEH KYNHMsUTBUIBIFBIHBIH —Oy3bUTybIHA JKOHE JEPEKTEePre KON IKETKi3y
YaKbITBIHBIH YJIFAIOBIHA OKE&Tyl MyMKiH. KayinCi3mik meH THIMAUTIKTI KaMTaMaChl3 €Ty YIIiH
EePEKTEPI CaKTayIbIH AYPHIC KYPHUIBIMBI MEH 9ICTEPIH KOJIIaHY KE&KET.

- JlepexTepre kKo kerkizy npodnemanapsl: JlepexkTepre KOn KErkizy mekTeyin 00mIysl MyMKiH
HEMECE Nai JATaHYIIbI YIIIIH BIHFAIHCBI3 00IYbl MyMKIH, OYJI AEPEKTEP/II OHJICY KE31HIE KUBIHIBIKTD
TyFpI3anel. Kynust nEPEKTEPre KO JKETKI3y KayinCi3miri MoCEenenepi n€ TybIHAaybl MYMKiH.
[Nalinananymeuidp yuIiH JEPEKTEPre THIMI KOHE KayinCi3 KON JKETKI3yll KaMTaMmaChl3 Ery
MaHBI3/IBI.

- XKenini 6ackapynarbl KUBIHIBIKTEP: JKeTinik TEXHONOrusuidp YHUBEPCUTEITE TaPaTbUIFaH
aKImaparTel eHJCyNE € MaHp3Abl Pen arkapambl. KayinCizgik MoCenenepi CUsSKTHI KETiHi
OacKapyaaFrsl MOCENENEP NEPEKTEPI OHACYAE KUBIHIBIKTAP TYABIPYbl MYMKiH. JKeninepai kayincis
KOHE THIM/II CaKTay YIIiH TYPHIC KYPATI8P MEH TEXHOIOT USSP/ T ATaHY MAHBI3IbI.

Aknapartel eHJeyiH aBTOMarTaHAbIPbUTFaH OaCKapy >KYHECIH Kypy K&KET, eHTKEHI Kazipri
YHUBEPCHTETTIK OPTA KYPAETEHE TYCTi )KOHE NEPEKTEPI THIMII OaCKapyIbl Tanan ETeni.

JlepekTep Kayilnci3iriH kakcapTy: YHUBEPCUTET OPTACBIH/IAFBI JCPEKTEp KOJIeMi apTKaH CallbIH
JNCpeKTepAiH JKOFaly HeMmMece ypiaHy Kaymi jge apranel.  Jlepekrepai  Gackapy/biH
aBTOMATTAaHABIPBUIFAH JKYHECIH KYpy JAEpeKTepHiH KayINCI3AIriH jKaKcapTaJbl >KOHE OJiapbl
PYKCaTChI3 KipyJeH KOPFaiiIbl.

Kympic Tuimaimiria - aptTeipy:  Jepexkrtepai OackapynblH ~aBTOMATTAHJBIPBUIFAH  Kyiecl
JEPEKTePMEH KYMBIC ICTEYy TPOIECTEePIH KEHUIIETYre KOHE JCPEKTEePAl OHICYTe KETCTIH YaKbITThI
OHTaWJIaHABIpYFa MYMKIHJIIK Oepeni. by MyramiMaep/iH, FhUIBIMU KbI3METKEPIIEPAiH KOHE JKaJIIbl
OKIMIIUTIKTIH KYMBICBIHBIH THIMJIUTITIH apTThipab! [1].

binim camaceln apTThIpy: Jlepekrepai OackapyblH aBTOMATTaHABIPBIIFAaH KYHECIH Kypy OiTiM
carachlH apTThIpyFa kemekTecei [2]. JlepekTepai AaipeK sKoHe yaKThUIbl OHICY OiTiM Oepy KoHe
FBUIBIMU-3€PTTEY CaJachlH/Aa aHAFypJIbIM HETi3/IereH Ienrmaep KaObuiaayra MyMKIHIIK Oepeni,
OyJ1 TynTen KeJreHie YHUBEPCUTETTET1 O11IM canachlH apTThIpyFa MYMKIHIIK Oepei.

Ocsbl monenenepai enry yuriH 0i3re eq anabIMEH TUIM/II )KYMBIC )KaCAUTHIH arOPUTMIEP KEPEK.
Anropurmaep — Oenriii 6ip MoCENEH1 melly YiliH OPbIHAIArbIH 9PEKErTeP Tiz0eri. Anropurmiaep
MOTIMETTEPI OHACYMEH >KOHE ONaPIbIH HET131H 1€ MIENTiM Ka0bUIAayMEH OaiinaHbICThI MPOLECTEP I
8BTOMArTaHIBIPyFa KOHE IKEHUINEryre MyMkiHmaik Oepeni [3]. MbiCanbl, YHUBEPCUTETTIH
KOPMOPAaruBTIK JEPEKTEP KOPBIH OacKapy KOHTEKCTIHIE aKnaparThl CaKTay, 13/1ey >KOHE OHILY
MPONECIH OHTAMIAHABIPY YIIIH &IrOPUTMIEPAI KONMgaHyra OOmanbl, OYI 63 KEEriHAe MIENIM
KaObLIIay bl TE3NETEN] KOHE 0aCkapy CanachlH apTThIPansl. Kasipri TaHaarsl YHUBEPCUTTEPMIH
TEPEKTEP KOPBIH OaCKapy/aa KOmAaHblIaTH OipHEme anroputMaepre ranaay kacaibik. (Kecte Nel)

Ocpl  anrOpuTMAEPIIH KYMBIC jkacay NPUHINTEPIH CaTbICThIPA kere eH TtuimaiCi Dijkstra
(JleiikcTpa) anrOpuTMiHE TOKTIBIK. YHHBEPUCTETTIH JEPEKTEP KOPBIH OHACYAIH aBTOMAarThl
KYHECIH Kypyaa JlefikCrap anrOpuTMiH TOMEHIEr KoPCETLIreH 1 cypeT O0MbIHIIA Al AaTaHy THIM
oonbin keneni [4]. AaropuTM OapibIK HYKTENIEpre jKeTKEeHIe HeMece OapiiblK HYKTelepre MmeKCi3
KAIIBIKTHIKKA M€ O0nFan1a (SIFHU OaCTaNKhI MIBIHHAH KTy MYMKIH eMeC) asKTallabl.

JleiikCrpa anropuT™Mi amke3 amropuT™M OONBINT TAObUTANBI, CE0E01 O opPOIP Kamamaa OaCTaKeI
IIBIHHAH €H 83 aFbIM/I8Fbl KAIIBIKTHIFBI 08P IIbIH b TaHAai k! [5]. O 6apibIK KUEKTEP CATMAKTAPbI
TEPIC emec 60mca FraHa xKakChl )KYMBIC iCTeiai. Erep canmakrap TepiC 00mybl MyMKiH 00Ca, OHIa
bennman-dopa atropuTMi KOIaiIbIPak airOPUTMIe aiiHanas! [6].
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Kecme Nel. Jlepexmep KOPbLMEH HCYMBIC HCACAYEA APHANRAH AN2OPUMMOEPOL CATILLICMbIPY

Aneopumm Cunammama ApmuigubiiviKmapol Kemwinikmep
A Aneopummi I'paghuxme oymaiinet Oymaiinel wewimoep dicone Kypoeni 6ackapy
#0061 maoby HCYMBICIMBIH, HCOAPbL Jcytienepine Konoamy
aneopummi HCHLIOAMOBIRbL wexkmeyii
BFS I'paguxme kenoix Icke acvipyosiy Yaxen epagpuxmepee
aneopummi Oipinwi i30ey KapanablMObLIbIEbL JHCIHE KOJLOAHY WeKmeleeH
an2opummi HCAKCHL OHIMOILNIK
DFS I'pagpuxmesi Oipinuii Icke acvipyosiy Jlemepmunuszm dcone
aneopummi mepenoix izoey KapanaublMObLIbI2bL JHCIHE YUKTOIH MYMKIHOIT
aneopummi epaguxmiy 6apaviy
WBIHOAPYIH AUHATLIN OTLY
MYMKIHOI2]
Dijkstra I'pagpuxmezi ey Eny xvicka oicon keninoiei socone | Tepic monee ue 6oneanoa
anzopummi KbLCKA HCON0apObl JHCO2APLL OHIMOLNIK muimcizoix
maoy aneopummi
K-means lepexmep0i Lepexmepoi manoay sncane benzini 6ip oepexmep
Aneopummi Knacmepey Jrcikmeyoi Jcenindemy mypepine Konoauy
aneopummi wexmesneen
T'enemukanvix bazoapnama xoovin Oxmaunanovipy npoyecit bazoaprama xooviHwvlH
bazdapramanay OHMAUAAHOBIPY asmMoMammaHoObIpy JHcaHe beneini 6ip mypaepimen
anzopummi anzopummi OHIMOINIKMI dicaKcapmy WeKmenceH
Kpocc-sumponus blkmumanow Icxe acvipyowiy Dyukyusiapoviy deneini
20icCiHiH MO00enb0i KonoaHy | KapanatblMObLIbiebl JcaHe me3 | Oip mypiepin KoioaHyoa
aneopummi apKbLIbL KOHBEpeeHyUs wexmeneen
@dyHryusapos
OHMAUAAHOBIPY
anzopummi

JleikcTpa alropuTMi CyphINTay aarOpuTMAEpiHiH imiHAeri A HykTeciHeH b HykreciHenmeliHri
apaJIbIKTaFbl €H KbICKA YKOJIJIbI JKbUIIaM TaOaThIH aJITOPUTM OOJIBIN TaObLIaIb! [ 7].

AnroputM 1ePEKTEP KOPHIHA KENTEH CYPaHBICTaPABIH OHCY PETIH aHBIKTAUTHIH O0nansl. Kazipri
TaHAa YHUBEPCUTETTEP/IIH OAachIM KOMIILIIr AEPEKTEP KOPhIH B! aknapartel eHaeyl «First In First
Out» (FIFO) oaiCi Herisinme »ymbIC xacaiias [8]. by nepexTep KOpsiHa KiM CYyPaHbICThI OiPiHIIT
oepce con OipiHIIA xKayar ananbl. EH COHFBI CypPaHbIC OEPreH TYTHIHYILIBI ©31HIH *ayaOblH KYTII
Kanansl. byn cypansiCrap OipHEmEe ece apTkaHaa, CEPBEPIIIH KylayblHA HEMECE Karblll Kany, V38K
KYTTipy JI€rex Cexini KubiHasikTapra ansin keneni [9]. Ocer TyCra | cyperre kepcetinren Jleiikcrpa
QITOPUTMIHIH KYMBIC kKacaybl CbI308ChIH KaPaCThIPAMbIK

Cypem 1. [evixcmpa ancopummi 6otiviHua depekmepoi Cypulnmay
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MyHnna nepekTep KOpsiHA Oip yakpITTa OipHEmE CyPaHbIC 6ipre kemin TyCkeH. JKoHe OnapmasiH
aKmapaTThK canMarbl op Typai [10]. Anaroputm kemeriMeH Oip yakbITTa KeJIill TYCKEH €H Kilii
KOJIEMIET1 CYpPaHBICTBI TAybIll ajamMbl3. AJTOPUTM KelreH Oec CypaHBICTHIH IMIiHEH €H KilliciH
tabaael. Oubl oHAeyre kidepemi [11]. ColikeciHie il KegeMIeri akmapaTThlH OHAEIYie a3 yaKbIT
anaapl. AJTOPUTMHIH CYPBINITAYABI JKYPri3yi 2 cyperre Oepiirer . AJTOPUTM €KiHIII WHTpEIHsia
KaJIFaH TOPT aKMapaTThIH 1IIHAET] eH Killicid Taybin eHaeyre xkidepemi (Cyper 2).

Back:

Int Dlw]
Divl=0

v

—_———— P Diw]+Dv]

HOK,

min=0D]w]

=

ror,
-

min=D[v] a

Dvl=Dw]

Ma —’E Cont }

Cypem 2. Jletikcmpa aneopumminiy 610K cxemacol

Ocpunaiima COHFbI WTEPANMsAFA AEdiH xamracansl [12]. AJNTOpUTMHIH HTEpalsIapbIHBIH
OPBIHJATYHI 2 KeCTeIe KOPCETIIreH IEH KY3ere achbIpbUIaIbl.

D[v]:=min(D[v],D[w]+C[w,V])
AJrOpuTMHIH JEPEKTEPNI OHACYyAey PETiH aHbIKTaybl TeMeHaeri kecreme (kecre 2)

KOPCETUITEHIEN TYPAE KY3Ere aChlPbLIaIbI.
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Kecme Ne 2. Aneopummniy hopmayna dotiviHua manimemmepoi manoayol

Humepayus S w D[ 2] D[ 3] D[4] D[5]
bacw {1} - 10 0 30 100

1 {1,2} 2 60 30 100

2 {1,2,4} 4 50 90

3 {1,2,4,3} 3 60

4 {1,2,4,3,5} 5 10 50 30 60

3epiTTeyain HOTHKEC]

AnroputM 06i3re KOFapPbIIaFbl QUTHUTFAH TATANTAPFA Cail )KYMBIC iICTEN TYPFaHBIHA KO3 JKETKI3y
YIIiH KOJNJI8HBICTAFBl JEPEKTEP KOPBIHBIH JEPEKTEPNI OHJCYre >KYMCAUTHIH YaKbITBIMEH OCHI
QIrOPUTM HEri3iHIEr NEPEKTEPIII OHICYTe )KYMCAUTHIH YaKbITHIH CATBICTBIPMAIIBI TYPAE TOMEHET]
cypetteH kepe anambi3. (Cyper 3).

35

= 284
> 30
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w
< 25
o)
= 20
=3
> 15
>
=i
= 10
@
e 5
}_
<
= 0
E AknapaTt
§ AknapaTt Aknapat AknapaTt AknapaTt e;,u,t}a]/:]relH
No2 Ne3 Ned Nes anme
yaKbIT
(CekyHa)
KonzaHbIcTasbl eHAEeY KyMneci 1,03 6,18 8,24 14,42 29,87
Kypbinear anropurm 1,03 5,79 7,81 13,8 28,43

KemerimeH eHaey

Cypem 3. Kondanvicmazvl MeH JHCana KYPuLIEAH ANOPUMM HCYMBICHIH CATLICHbIDY

CanbicThIpy OapbIchIHAA 013 O1p yaKbITTa JIepeKTep KOpbIHa Oec TypJi MaIiMeTTi kibepemis. On
MOJIIMETTEP/IIH caiMmarbl op Typii Oomamsl [13]. Bisre ocbl MomiMeTTepiH OpPBIHIATY YaKbIThI
MaHbI3bl. O yIIiH 613 MAJIMETTI IepeKTep KOoblHA KiOepreHHeH OacTall )kayan KeJreHIe yakTThl
ecenTenTiH OoambI3. YakeITThl ecenteyi 613 ANy |0giC oprackinia xy3ere acbipcakTa 00JIabl.

Juckyccus

3epiTTey HOTHXKENIepl YHUBEPCUTETTIH KOPIOPATUBTIK JEpPEKTep KOPBIH OacKapyna akmaparThl
aBTOMATTHI TYpJie OHAEUTIH [lefikcTpa anropuTMIHIH THIMAUTITIH KepceTTi. ATan aifTkaHaa iedkerpa
aJITOPUTMI KyHere Oip Me3eTTe MbIHJaFaH CypaHBICTap TYCKEHJIE, KYHEHIH aKnapaTThl aBTOMATThI
KOHE IKbUIIaM OHJICYIHAE TYpJl apTHIKIIbUIapabl Oepai. Jlepexkrepai eHACYMiH THIMAUITIH
apTTHIPATHIH KOJIJIAHBICTA KYPIeH OipHelIe alropuTMIEpi ajblIl CANTBICTHIPY XKYMBICTAPbI XKYPIi3iil.
JlefikcTpa anropuTMi aknaparThl OHICY yaKbIThl )KaFbIHAH/A, KYHere TyCeTiH KyKTeme OoiibIHIIa1a
KOFapbhl KOPCETKIIITEpre Me €KEeHIH KOpCeTTi. AJTOPUTMHIH KYHeAeri CypaHbICTapIbl OHJIENy
yakbpIThl OOWBIHINA >KYPri3eTiH CYpbINTayAblH OJOK cXxeMachl KepceTuireH. byn 3eprreynin
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MaHBI3IbIIBIFB YHUBEPCUTETTEPAIH AEPEKTEP KOPHIHAAFBI aKIIapaTThl aBTOMATTHI OHJICY/I€ YaKbITThI
THiMII maiinanayna >katelp. CoHmaii-ak KOPIOPATHBTI JAEPEKTep KOPBIHIAFBI aKMapaTThl OHICY/I
aBTOMATTaHABIPY MEH THIMJIUTITIH jKaKcapTy OoJamarbl alibIK OOIbIT TYP.

KOpbIThIHABI

Ochutaiinma yHuBEPCUTETTIH NEPEKTEP KOPBIH OHAEYIIH aBTOMAarTaH AbIPhUIFaH JKYHECI KY[PBLIIBI.
Ex annpiMen kasipri TaFaarskl YHUBEPCHUTEITEPNIH TEPEKTEP KOPBIH OaCKapyAarbl KUBIHIBIKTPBIH
€CKEPIT, OChl MOCENENEPAl ey YIIiH &rOPUTMAEPre Tannay >kacansiaasl. Onapasl CanbICThIPa
KENe eH TUMJIICIH TaHaar OHbI TEPEKTEP KOPHIMEH KYMBIC KacayFa HEri31em KYPAbIK. AJITOPUTM 63
KE3EriHAe CTyJEHTTEP MEH YHMBEPCHTET OKIMIIUIITHIH YakKbITBIH YHEMJIEN, 0ip ME3ETTe KE&IreH
MOJIIMETTEP/II 8BTOMArThI TYPIE CYPBINITA, OHEYTE Ki10€PIT OThIPANbI. byl yHUBEPCHTET KYHECIHIH
01p ME3ErTe KacanbIHarbIH CYPaHBICTAP KE3IH/IE )KYHEHIH KyJlaybl HEMECE TYTHIHYIIBUIAP KaCaraH
CYPaHBICTaPIBIH OHIETY YaKbITBIHBIH THIM Y38l KETYIHIH aIbIH &1anbl. JKyHEHiH] ai1a1bl EKEHIHE
KO3 JKErKi3y YIIiH KalJaHbICTaFbl JTEPEKTEP KOPBIHBIH MOJIEMIMEITEPNI OHICY YaKbIThl MEH
KYPBUIFAH &IrOPUTM KOMEriMEeH MOIIMETTI OHJEY YaKbITTapbl CalbICThIpbULAbL. HoTmkecinae
KYPBUIFaH allTOPUTM KOJIJIAHBICTAFbl JIEPEKTEP KOPBIH OHJCYACH JKalambl cymMMmachkl 1,44 cekyHI
xpuigam  ekenin kepcerti (Cyper 3). Kypacteippiiran kyieni Any Logic opraceinaa
JIEeMOHCTpaNMsIay apKbUIbI 013 KYHEHIH TYPBIC )KYMBIC )KaCaUTHIHBIHA KO3 XKETKi3e anmaMbi3. ANy
logic kemerimen 6i3 Kyiere TYCETiH aybIPTHANIBUIBIKTBI KacaHIbl Typie KeOewTim, xyiie Oip
YaKbITTa KEJITCH JKY3/IETeH, MbIHJIaFaH CYPAHBICTAP bl KAHIIATIBIKTHI )KbUIIaM OPBIHIaUTHIHBIHA KO3
KETKI3€ ajJambl3. O31PIEHTEH KXY TEK YHUBEPCUTET SsIChIH 18 FAHA EMEC COHBIMEH Karap J1EPEKTEP
KOPBIMEH JKYMBIC )KaCAUTHIH OaCKana Cananapnana nai sl 00Iysl MYMKIiH.
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COMPARATIVE ANALYSISOF THE ENSEMBLE MODEL FOR STROKE
CLASSIFICATION

Abstract

This study investigates the efficacy of an ensemble model in classifying stroke images, combining CNN
(Convolutional Neura Network), EfficientNetB7, and DenseNet201 architectures. Utilizing a dataset of 2,501
black-and-white images from the Kaggl e stroke dataset, the research addresses the challenges posed by limited
data and explores data augmentation techniques to improve model performance. The ensemble model’s
performance is compared against individual models such as MobileNetV 2, EfficientNetBO, ResNet50, and
DenseNet201. Results demonstrate that, while the ensemble model shows potential, its accuracy does not
significantly exceed that of the top-performing standalone models, highlighting the need for larger datasets
and more sophisticated ensemble techniques to enhance reliability. This work provides insights into the
application of ensemblelearning for stroke classification, paving the way for advancementsin Al-driven stroke
diagnostics.

Keywords: stroke classification, ensemble learning, CNN, EfficientNetB7, DenseNet201, data
augmentation, medical image analysis, artificial intelligence, deep learning, brain imaging.
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!Kazaxckuil HallMOHATILHBIN YHUBEPCUTET UMEHH anb-Papabu, r. Anmarel, Kazaxcran
CPABHUTEJIBHBIU AHAJIN3 MOJAEJIU AHCAMBJIA U151 KIACCUOPUKALIMU UHCYJIBTA

AnHomayus

B nanHoM wuccnemoBaHuM u3ydaercss 3(Q(QEKTHBHOCTh aHCAMOJICBOM MOJENH I  KiacCU(HUKAIUU
n300pakeHnit UMHCYnbTa, oObemuustomedn apxutektypsl CNN  (Convolutional Neural Network),
EfficientNetB7 u DenseNet201. Hcmons3yss Habop manHbix u3 2501 dvepHO-Oenmoro wn300pakeHHS W3
OTKpBITOro HaOopa naHHbIX Kaggle 1jis MHCYNbTa, MCCIIC0BaHNE HAMNPABICHO HA MPEOIOJICHHE MPOoOieM,
CBSI3aHHBIX C OIPAaHUYCHHBIM OOBEMOM JAHHBIX, W BKJIHOYACT NMPUMEHCHHE METOJIOB ayrMEHTAIlUH JUIS
YIIyYIEeHUs] TTPOU3BOAUTEIBHOCTH Mojend. [Ipon3BoauTensHOCT aHCaMOJIeBOW MOJENH CPaBHHUBAETCS C
OTJCNbHBIME MOeI MU, Takumu kKak MobileNetV?2, EfficientNetB0, ResNet50 u DenseNet201. Pe3ynbTaTh!
MOKA3bIBAIOT, 4TO, XOTS aHcamOJjeBas MOJENb JEMOHCTPUPYET MOTCHIMAJ, € TOYHOCTh HE3HAYMTEIHHO
MIPEBBIIIAET TOKA3aTeNH JYUIIUX OTACIHHBIX MOJIENeH, 4TO O {YepKUBAET HEOOXOIUMOCTh HCIIOIb30BaHUS
0ojiee KpYIHBIX HAOOpPOB HAHHBIX W OOJiee CIOXKHBIX METOJIOB aHCAMOJIUpPOBAHUS JUIS TOBBIIICHUS
HaJCKHOCTU. DTO UCCIICAOBAaHUE MPEAOCTABIIACT [ICHHBIC JaHHBIC O IPUMEHEHUHM aHCaMOJICBOro 00yUeHUs
JUTS KITacCU(UKAIIY WHCYJIBTA, OTKPBIBAs IEPCIIEKTUBBI JIJIS1 PAa3BUTHI TUArHOCTUKHU UHCYIIbTa Ha ocHOBe M.

KaoueBbie ciaoBa: ximaccupukanus WHCynbTa, aHcamOneBoe oOydenue, CNN, EfficientNetB7,
DenseNet201, ayrmeHTanusi JaHHBIX, aHAIW3 MEIWIMHCKUX H300paKeHUH, MCKYCCTBEHHBIM HHTEIJICKT,
riIy0oKoe 00y4eHune, BU3yaau3aliys Mo3ra.

A.T. Typcemosal, b.C. Omapos!
Yon-Mapabu aTeingarsl Kasak yITTBIK YHUBEPCHTETI, AMaTEHI K., Kazakcran
HUHCYJBbTTI KIKTEYI'E APHAJIFAH AHCAMBJIb MOJIEJIIH CAJIBICTBIPMAJIBI TAJIJAY

Anoamna
Ocoer  3eprreyne CNN (Convolutional Neural Network), EfficientNetB7 xone DenseNet201
apXUTEKTypajapblH OipiKTipeTiH aHcaMOJbAIK MOAENBIAIH HHCYIBT CYPETTepiH KiIacCHPHUKaLUsIayIaFbl
THIMJILTITI KapacTeIpbutapl. Kaggle aniblk WHCYNBT JepekTep KUHAFbIHAH anbiaran 2501 kapa-ak cyperTep
KUBIHTBIFBIH TAlallaHa OTBIPHIN, 3ePTTeY JEPEKTEep/AiH HIEKTEYi KelleMiMeH OalIaHBICTBl MoceJenep/i
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nrenryre OarbITTAIFaH JKOHE MOZETBIIH OHIMIUIMH apTThIpy YLIIH ayrMEHTauusl SJICTEepiH KOJIaHYABI
KaMTHabl. AHCaMOJIbaiK MoaenbaiH oHiMauIr MobileNetV2, EfficientNetB0, ResNet50 sxone DenseNet201
CHSIKTBI JKEKE MOJIENIBJCPMEH CabICThIpblIaasl. HoTmkenep KepceTKkeHael, anHcaMOIIbIiK MOJENb dJeyeTKe
e OonFaHbIMEH, OHBIH JIOJAIr Y3[iK JKeKe MOJENbACpHiH KOPCETKIIITEepiHeH a3 FaHa »KOFapbl, Oy
CEeHIMJIUTIKTI apTTHIPy VIIIH YJIKEH NePeKTep >KHUBIHTHIKTAPBIH >KOHE KYpAeNipeKk aHcaMONb oJicTepiH
KOJIIaHYJBIH KaKETTUITiH Kepcereni. bynm 3eprrey WHCYIBTTI KiIacCHpUKAIUSUIAy VIIH aHCAMOIBIIK
OKBITYABl KOJIaHy Typaibl KYHIBI aKmaparT Oepeni, »acaHAbl HWHTENJIEKT HEeTi3iHAeri HWHCYIbT
JIMarHOCTHKACKIH IaMBITYFa TIEPCIICKTHBAAD alllajbl.

Tyiiin ce3mep: nHCYNBTTI Knaccupukanmsiay, ancamompaik okpiTy, CNN, EfficientNetB7, DenseNet201,
JepeKTepAl ayrMEeHTalusIay, MEAULMHAIIBIK CypeTTepi Tainay, >KacaHabl WHTEJUICKT, TEPEH OKBITY, MU
BU3YaJIM3aUSCHL.

Main provisions

This study looks at how well an ensemble model works for classifying stroke images, combining
CNN, EfficientNetB7, and DenseNet201. With a limited dataset, the research shows the ensemble
model only gives a small boost in accuracy compared to single models like MobileNetV2 and
EfficientNetB0O. Using data augmentation technigues made the training set more diverse and
improved overall model performance; still, the ensemble method did not offer abig advantage. These
results stress the importance of having bigger and more varied datasets, along with better ensemble
methods, to see real gainsin classification accuracy. This research gives useful insights into using
ensemble learning for stroke diagnosis, opening doors for future progress in Al-based medical
diagnostics.

Introduction

Stroke isamajor health issue around the world, being atop cause of death and lasting disability.
The World Health Organization (WHO) reportsthat about 15 million people have a stroke every year,
with 5 million ending in death and another 5 million facing lasting disabilities[1]. The serious effects
of stroke affect not just the individual s who survive but also create heavy costs for heathcare systems
globally. Quick and correct identification of strokeiskey to lowering the death rate and the long-term
issues related to it, asit allows for timely treatment [2, 3]. Thisis especialy significant as ischemic
and hemorrhagic strokes are treated differently. Neuroimaging studies, and especialy CT, are crucial
for stroke diagnosis as they enable neurotherapists to quickly evaluate the patients’ and/or their brain
images. Although MRI is suggested to have superior imaging quality, CT ismore useful in emergency
cases because it is readily available, quick to perform, and inexpensive [4].

Al and deep learning, in particular, have emerged as technology that can change the game in
medicine, enabling improvementsin the automated diagnosis over the past few years. Strokedetection
isone of the brain imaging classification tasks that have implemented CNNs heavily [5]. CNNslearn
from labeled examples of different classes many compounds and features, which leads to sufficiently
high levels of output accuracy that can be comparable to those achieved by humans in certain areas.
Nevertheless, architectures such as MobileNetV 2, EfficientNetB0, ResNet50 and DenseNet201 have
some disadvantages [6]. These shortcomings may be more pronounced in the case of small data sets
characteristic of medical imaging due to data size and confidentiality issues[6, 7].

Ensemble learning methods have emerged in response to the single-minded models by
incorporating the best of the several models [8] and are able to improve accuracy and robustness. The
use of ensemble modelsin the classification of medical images has been encouraging because models
with different learning architectures can use them to make improved predictions. This study aimsto
evaluate the performance of an ensemble model comprising of CNN, EfficientNetB7 and
DenseNet201 for stroke classification, arguing that such a combination could perform better than any
of the architectures in isolation. In this study we compare this ensemble model with mobile v2,
efficientnetb0, resnet50, densenet201 standalone networks to determine whether such ensemble
methods provide direct improvement in classification performance as seen in [§].
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This research has two primary goals: the first one is about determining whether an ensemble
approach can enhance stroke image classification on a small dataset, and the second is concerned
with the extent to which the ensemble performs better than the individual models. It is anticipated
that the results of this research will show how stroke diagnostics can benefit from the use of ensemble
learning and foster further developments in the Al-supportive systems aimed at improving the
performance of health practitioners through more accurate and time sensitive diagnosis. In view of
the market demands for better instruments towards clinical practice especially in less well-equipped
societies, such work makes a contribution towards further development of Al in medical imaging [9].

Literature Review

Stroke remains an issue, for health and is the second most common cause of death and a major
contributor to long term disability on a worldwide scale. It is crucial to detect strokes accurately to
enhance outcomes through timely intervention since ischemic and hemorrhagic strokes necessitate
different treatment strategies. Diagnosing strokes typically begins with neuro imaging techniques,
like computed tomography (CT scan ) and magnetic resonance imaging (MRI) which are commonly
utilized in practice. In emergency situations, like acute care settings where time's crucial and
availability is key doctors usually opt for CT scans because they are fast and widely accessible. On
the hand MRI scans offer image quality and resolution enhancements abeit at a higher price and
limited availability.

Traditional methods, for analyzing stroke images [4] heavily depend on radiologists expertise — a
time consuming and error prone process that has sparked an interest in intelligence (Al) deep learning
(DL). The use of Convolutional Neural Networks (CNNs) a DL architecture tailored for image
analysis tasks like medical image classification for stroke detection and categorization — has shown
potential, in providing automated and accurate solutions. Convolutional Neural Networks (CNN)
acquire knowledge from collections of categorized images by identifying intricate visual attributes
without the need, for extensive manua input; hence they are well suited for tasks such, as stroke
categorization.

Research, on learning modelsfor categorizing strokes primarily focuses on neura networks (CNN)
and their variations. CNN technology is commonly used to analyze CT and MRI scansto differentiate
between hemorrhagic strokes with accuracy. Although CNN models excel in this task on datasetsin
medical imaging applications due to their effectiveness in extracting features from brain images they
encounter challenges when dealing with smaller datasets due to privacy concerns and limited
accessibility. For example a study referenced as [1] showcases the capability of CNN models in
extracting features, from brain images. Also points out the difficulty they face in generalizing results
when trained on limited data. Moreover because MRI data offers tissue details algorithms trained on
MRI datasets typically exhibit precision, in detecting subtle stroke related variations when compared
to models based on CT scans. However in situations CT scans still present, as the aternative.

In order to improve the precision of diagnoses and address the constraints of using CNN structures
researchers have been exploring alternative DL models such, as ResNet, EfficientNet and DenseNet.
For example EfficientNet effectively adjusts network parameters to capture image details with less
computationa effort. On the hand DenseNet has been found to enhance the flow of information,
across layers, which proves useful in capturing structural features within regions affected by stroke.
Although these models have shown success individually they may encounter performance challenges
in situations. When the training dataset |acks diversity.

Ensemble learning has demonstrated outcomes in bolstering the effectiveness of stroke
classification systems by merging models to enhance predictive accuracy collectively. In this
approach each model lendsits patternsto offset model shortcomings and improve the systems overall
efficiency. Researchers have investigated combining models, like CNN, EfficientNetB7
Densenet201 to elevate classification precision by leveraging the strengths of each architecture. For
example a study analyzed a combination of MRI data, with MobileNet V2. Achieved promising
resultsin identifying signs of a stroke, in the brain.
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Additionally incorporating techniques, like information and feature importance ranking has
enhanced the effectiveness of models in categorizing strokes. Research has demonstrated that these
combined systems not enhance classification accuracy metrics such as sensitivity and specificity but
also make it easier to understand the model by emphasizing the crucial image characteristics. This
strategy has shown success when employing gradient boosting algorithms such as LightGBm or
CatBoost in conjunction, with CNN result.

In the field of stroke image analysis and segmentation models working together have made an
impact far. Identifying the areas, in the brain is crucia for classifying strokes and planning treatment.
A notable event in this domain is the Ischemic Stroke Lesions Segmentation (ISLES) challenge [10]
which has played arole, in developing and eval uating deep learning algorithms for segmenting stroke
lesons. The ISLES 2018 chalenge especially has significantly contributed to improving
segmentation techniques by providing a dataset containing types of CT and MRI images. Having
access, to these datasets has alowed researchers to enhance models for segmentation. This is
important, for recognizing tissue in cases of strokes[11].

The effectiveness of division and categorization models, in medical image tasks demonstrates how
ensemble techniques can be flexible and versatile in scenarios, within the field of hedthcare
technology. One example is the Stroke Unet network. An architecture based on the Internet of
Medical Things (IoMT) specifically crafted for stroke analysis [12]. It merges UNet with layers
customized for high resolution CT scans to enable instant data processing that aids clinical decision
making processes. This combined method takes advantage of UNets proficiency in segmentation
while also utilizing IoMT to integrate with clinical protocols. By integrating a combination of models
into the Internet of Medical Things (IloMT) medical professionals can improve the avail ability of data
to allow for monitoring and analysis, in acute stroke care scenarios that support treatment responses.

Although ensemble models have benefitsto offer in fieldsincluding medicine, they also comewith
their own set of challenges that are particularly prominent, in healthcare settings. These challenges
include demands, the requirement for extensive and well labelled datasets and the complexities
involved in deploying such models. Initiatives such as the ISLES challenge have played arole in
establishing datasets for research purposes, however thereis still acrucial need for more diverse and
larger datasets to effectively train models capable of generalizing across different populations.
Moreover developing frameworks that're both efficient in terms of computation and adaptable [13],
to different clinical scenarios remains an ongoing area of exploration and study.

In the studies could look into enhancing structures to smoothly integrate with current clinical
setups in places, with limited resources.|t isimportant to combine loM T frameworks with models for
diagnostic processes through quick data processing and decision making support.Improving the
interpretability of modelsis crucial for giving cliniciansinsights that build confidence in Al assisted
diagnostics.Eventually creating scalable systems will be key, to unlocking the full potential of deep
learning and artificial intelligence in improving stroke diagnosis and treatment.

Resear ch methodology

In this research project, acollection of 2,501 and white pictures (650 pixels by 650 pixels) sourced
from the avail able Kaggle stroke dataset was utilized. The collection was split into three parts: 70 %,
for training purposes 20 % for validation tasks and 10 %, for testing procedures. The information was
classified into two groups. “normal” and “stroke” creating a classification challenge.Training the
model to achieve performance was challenging due, to the dataset size which required the
implementation of data augmentation techniques to expand the training data artificially and enhance
the models overall performance.

To enhance the variety within the training set we implemented data augmentation methods. These
techniques comprised rotations, flips along the axis adjustments, in width and height as well, as
zooming effects. The selection of these augmentations aimed to encompass viewpoints and boost the
models resilience by mimicking real world scenarios. Each modification was randomly introduced
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during training to ensure that each epoch involved modified renditions of the data, which helped
prevent overfitting and promoted generalization.

The main model used in this research was a model that integrated forecasts, from three structures
namely CNN, EfficientNetB7 and DenseNet201. The blending method was crafted to utilize the
features of each structure possibly offsetting any shortcomings. The structural design of the model as
shown in Figure 1 consists of the elements:

1. A unigue CNN design featuring convolution and pooling layers tailored for this dataset was
developed by CNN.

2. EfficientNetB7 is aperforming model that has been trained on ImageNet and is renowned for
its adjustments, in depth width and resolution.

3. DenseNet201 enhances the flow of gradients, throughout the models layers and is especially
advantageous, for handling datasets.

Figure 1. The design of a collective model structure, for classifying brain images

Each model was adjusted to work with the dataset by adding connected layers designed for
identifying stroke images accurately. The results, from these models were averaged to create the
outcome of the group model that utilizes the advantages of each network.

To assess how well the ensemble model performed in comparison, to the baseline modelstraining
and testing processes involved working with four models:

- Mobile Net V2 and Efficient Net BO used the pre-existing ImageNet. Layers have been added
to adapt them for stroke classification purposes. The model s were compiled using the Adam optimizer
with a binary cross-entropy loss function and accuracy as an indicator of performance measurement.
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To optimize the effectiveness of training and prevent problems with retraining during the model
training period, adjustmentsto the learning rate were included in 50 epochs. The mechanisms of early
stopping with the help of callbacks are implemented.

- Both ResNet50 and the custom CNN model utilized trained wei ghts that underwent fine tuning
by adding extra layers like the other models did too Class weights were also tweaked to handle the
imbalance, in dataset classes Both models underwent an initial 10 epochs of training followed by an
additional 20 epochs, to fine tune the last layers.

In order to work well with trained models and their weights that are set for a certain size, like 224
by 224 pixels al the images in the research were adjusted to this size for uniform comparison and
integration, into the model ensemble.

Results of the study

Here are the main results, from comparing the combined model with structures, on the training set
and testing set using accuracy and loss measurements to assess each models performance.
MobileNetV2 exhibited the test accuracy of 65 625% as depicted in figure 2 and demonstrated via
training and validation loss graphs souvenir whereas EfficientNetBO al so delivered resultswith afinal
accuracy score of 59 375%. These outcomes underscore the challenges faced by models when dealing
with data sets.

Node! Lo Mosw! Accurae

Figure 2. Lossin training and validation of MobileNetV2 and EfficientNetBO models

After some additional adjustments and fine tuning, to the ResNet50 model in our study experiment
showed outcomes with a peak test accuracy of 61,5% The training process details are represented in
figure 3with insightson the variationsin both training and validation losses highlighted Thisevidence
suggests that advanced models, like ResNet50 encounter challenges when working with limited
datasets.

ResNetSD Los RosNetS0 Acouracy

Figure 3. The ResNet50 model showed both train and validation losses during the training process
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In an attempt to improve accuracy rates than 61,5% a combination of CNN models, like
EfficientNetB7 and DenseNet201 was utilized in an approach as supported by Figure 4. Though
ensemble learning is theoretically advantageous in boosting accuracy levels of models in practice;
this combination failed to achieve an improvement beyond what was achieved by individual models,

like MobileNetV 2.
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Figure 4. Train and Val idation Loss of CNN, EfficientNetB7, DenseNet201 ensemble Models

Table 1 presents an overview of the accuracy findings, for all models on the test set and training
sets as the validation dataset results and performance metrics displayed a close match between the
top performing individual models and the ensemble models highest test accuracy level which
indicates a requirement, for amore extensive dataset to enhance meaningful progress.
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Table 1. Results, for accuracy, on the validation and training set for all models.

Model Test acc Validation acc Train acc
MobileNetV2 65.625% 61.83% 65.39%
EfficientNetBO 59.375% 62.07% 62.21%
ResNet50 61.5% 60.48% 67.95%
EfficientNetB7 62.5% 60.48% 67.95%
DenseNet201 60% 60.56% 61.72%
CNN 61.17% 61.91% 61.16%
Ensemble model 61.5% 56.25% 80.73%

Discussion

The results of the experiment suggest that combining models does not aways result in
enhancements, in accuracy when categorizing data sets. The combined model displayed an
enhancement compared to individual models, however these outcomes are constrained by the quantity
and variety of the data used. These discoveries align with research that highlights how the
effectiveness of combined modelsisinfluenced by both the abundance and caliber of the data.

The models potential isgreatly hampered by the dataset size. Even though using data augmentation
techniques helped broaden the variety in the training set it was not sufficient to make up for the
shortage of data. This underscores the importance of expanding the dataset whether through growing
the volume of dataor utilizing data and other augmentation strategies. In the studies could concentrate
on enhancing data augmentation methods and utilizing datato address the challenges of working with
a limited dataset size effectively. It might prove beneficial to delve into sophisticated ensemble
strategies, like weighted averaging and stacking in conjunction, with other deep |earning approaches.

The outcomes coincide with discoveries, in the realm of stroke categorization that underscore the
significance of varied data sets in attaining superior precision levels. Moreover numerous research
studies have highlighted that sophisticated ensemble approaches yield outcomes across various data
sets validating the need for continued enhancements, in this domain.

Conclusion

This research delved into how combining CNN with EfficientNetB7 and DenseNet201 could be
used to classify stroke images from a dataset. Even though using architectures, in a model showed
promise the results highlighted that the accuracy and reliability of the model were limited by the
datasets size and complexity. The test accuracy reached was similar, to what individual baseline
models achieved emphasizing the importance of improving both data availability and model
refinement in studies.

In order to overcome these constraints in the work of us will concentrate on implementing the
following enhancements:

- DataExpansion Strategy involves enlargening the dataset to offer arange of training examples,
for the modelsto learn from and improve their ability to generalize effectively.

- Advanced data augmentation involves using techniques to generate arange of training samples
that can assist modelsin adjusting to the intricate patterns found in stroke images.

- Enhanced Refinement Technique; exploring theinclusion of layers, in existing modelsto grasp
more intricate nuances that might enhance the precision of categorization.

- Utilizing arange of model designsin the ensemble to capture aspects of the dataand potentially
strengthen the ensembl es effectiveness, through diversity, in model integration.

- Fine tuning Parameters Systematically. Adjusting factors like learning rates and batch sizes
along with tweaking layer setups to enhance the models effectiveness.

In summary athough the ensemble method shows potential, for categorizing strokes achieving
strong and practical performance relies on using datasets and improving model settings. Subsequent
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research in this area focuses on boosting the models precision and dependability which will help
create instruments, for managing strokes.
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A REVIEW OF CYBER DEFENSE MECHANISMSIN AUTONOMOUSELECTRICAL
SYSTEMS

Abstract

This systematic review examines the essential aspects of cybersecurity in the rapidly evolving field of
autonomous electrical systems. As critical components of modern smart grids, these systems are increasingly
vulnerable to advanced cyber threats due to their reliance on automation and connectivity. The review
synthesizes existing research to identify current vulnerabilities, evaluate the effectiveness of implemented
cyber defense mechanisms, and explore emerging trends and technol ogies aimed at improving the security and
resilience of these infrastructures. By systematically analyzing peer-reviewed journals, conference
proceedings, and industry reports from the past decade, the review highlights major cyber threats, including
ransomware, DDoS attacks, and phishing, which pose significant risks to autonomous electrical systems. It
investigates the use of cutting-edge technol ogies such as machine learning algorithms for detecting anomalies,
blockchain for ensuring data integrity, and quantum cryptography for secure communication. A particular
focus is given to artificial intelligence's role in predictive cybersecurity, which enables the anticipation of
threats before they materialize, enhancing the proactive capabilities of defense systems. The review also
examines the application of established frameworks like the NIST Cybersecurity Framework and the Zero
Trust Model, which have been instrumental in shaping security strategies for the sector. It discusses both the
challenges and opportunities associated with adapting to evolving cyber threats and integrating next-generation
technologies into existing systems. This analysis aims to provide cybersecurity professionals, policymakers,
and researchers with actionable insights and a comprehensive understanding of the cyber risks and defense
strategies related to autonomous electrical systems. Ultimately, the review seeks to contribute to the
devel opment of more robust security measures, strengthen grid resilience, and ensure the reliable operation of
future energy systems.

Keywords: Cybersecurity, Autonomous Electrical Systems, Smart Grids, Machine Learning, Zero Trust
Modd.

I'.C. lllatimepaenosa’, K. )K. Axubekosa®, D.b. Mycipenosal, 3.3. Ecenxynosal, H.M. XKaiinay6aen®
1M.Bye30B aterHaarel OHTYCTIK Kazakcran yauBepcureri, LIIpIMkeHT K., Ka3zakcraH,
2C. XK. Achenauspos ateinaarsl Kazak YITTBIK MeTMIIMHA YHUBEPCUTET, AIMaThI K., Kazakcran
ABTOHOMMUSLIIBI DJIEKTP )KYUEJEPIHJIEI'T KHBEP KOPFAHY MEXAHU3M/IEPIHE
moJy
Anoamna
By >kydeni mody aBTOHOMIBI BIIEKTpP JKYHENEpiHAET KUOepKayilCi3MiKTiH MaHBI3Jbl acHeKTiIepiH
3epTTeiini. 3amMaHayn aKbULABI JKENJIEpAiH Heri3ri KOMIOHEHTTEpl peTiHAe Oyl Kyhenep aBTOMAaTTaHABIPY
MeH OallIaHBICTBIH apKachIHJia Kypaeni kudepkayinrepre ocai. [llomy ka3ipri ocanaslkTap/ipl aHBIKTAY, iCKe
achIpbUIFaH KHOCPKOPFay MEXaHU3MJCPIHIH THIMAUINH Oarajay J>KOHE OCHI HHGPAKYPBUIBIMIAAPIABIH
Kayilci3iri MeH TYpaKThUIBIFBIH KaKcapTyFa OarbITTAIFaH KaHa TEXHOJIOTHsIap MEH TPEHATEpAl 3epTTey
yiuin 6ap 3eprreynepai Oipikripeni. COHFBI OHXBULABIKTA JKapUsUIAHFAH FRUIBIMH KypHaJaap, KoHpepeHIus
MaTepHaiapbl KOHE caja ecenTepiH KyHeni Tanjgay apKbpUIBl IIONY aBTOHOMIBI 3JIEKTp KyHenepiHe
aliTapnplkTail Kayim TeHIIpeTiH Herisri kuOepmalybsuinapisl, COHBIH imiHAe ransomware, DDoS
maldybUIAaphl JkoHe (UIIUHTTI atan kepcereai. On aHOManIHsAJIapAbl aHBIKTayFa apHAJIFaH MallliHa OKBITY
AITOPUTMIIEPIH, JEPEKTEP TYTACThIFbIH KaMTaMachl3 €Ty YIIiH OJIOKYEeHH/I JKoHEe Kayirci3 OaiiaHbIC YIIiH
KBAaHTTBIK KpHUNTOrpadusIHbI KOCa aliFaH/ia, aJlIBIHFBl KaTapibl TEXHOJIOTHSIAPbl KOJIaHY bl 3epPTTEHIl.
ony xayinTepai aiAblH ajla aHBIKTAy MYMKIHAITIH apTTBHIPATBIH KOHE KHOEPKOpPFayAblH MPOaKTHBTI
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KaOlIeTTepiH XKaKcapTaThlH JKacaHbl MHTEIJICKTTI KOJAaHyFa epekile Hazap aynapanpl. CoHpai-ak, momy
NIST xubepxrayirciz ik KYpbUIBIMBI kaHE Zero Trust Mosesi CHSIKTBI CEKTOPIBIH KayITICI3iK CTpaTerusIapbiH
KaJIBIITACTHIPY1a MaHbI3AbI pOJl aTKapaThIH KOJIJAHBICTAFbl KYPBUIBIMIAPABI 3epTTeiai. On kubepkayinrepaig
e3repyine OeiiMaeny *oHE XaHa OybIH TEXHOJNOTHSUIAPBIH Oap KyHenepre OipiKTipyMeH OaillaHBICTHI
KHUBIHABIKTAD MEH MYMKIHIIKTEp/Il TAIKbUIaWABl. byJ Tanmmay sHepreTuka CEeKTOPBIHAAFBI KHOEPKAYITICI3IIK
MaMaH/JapblHa, cascaTKepiiepre >KoHE 3epTTeylIiepre KolgaHyFa OOJAaThIH TYCIHIKTEp MEH aBTOHOMIBI
ANIEKTP KYHenepiHaeri KkubepkayinTep MEeH KOpFay CTpaTerusulapbl Typasbl TOJBIKKaHIBI TYCIHIK Oepyai
Makcar eTelli. AKBIp COHBIHIA, IOy MBIKTHI KayilCIi3miK IapajapblH 93ipieyre, el TYPaKThUIBIFBIH
HBIFANTYFa KoHE OOamaK dSHEePTreTHKANBIK JKYHeIep i CeHIMIl KYMBICHIH KaMTaMachl3 e€Tyre yJiec KOCyFa
OaFbITTaJIFaH.

Tyiiin ce3aep: kuOepKayincizaiK, aBTOHOM/IBI SNEKTP KYHenepi, akblIAbI JKelliiep, MallliHa OKBITY, Zero
Trust momemi.

I'.C. llaiimepaenosa?, XK. K. Asxubexosa?, D.5. Mycupenosa?, 3.3. Ecenkynosa®, H.M. XKaiinay6aes®
HOsxkno0-Kazaxcranckuii yausepcuteT uMenH M.Aya308a, r. IlIsMkent, Kazaxcran,
2 Kazaxckuit Hanponansnbiii Meaumuackuii yausepceuter uMenn C. J1. Acdennusposa,
r.Anmatsl, Ka3zaxcran
OBb30P MEXAHNU3MOB KUBEP3AIIIUTHI B ABTOHOMHBIX DHEPTTOCUCTEMAX

Annomayus

DTOT CUCTEMATHYECKUI 0030p M3y4aeT KIIOUEBBIC aCIIeKThl KHOepOe30macHOCTH B 001aCTH aBTOHOMHBIX
ANIEKTPUIECKUX CHUCTEM. Byay4dW Ba)KHBIMH KOMIIOHCHTAMH COBPEMEHHBIX YMHBIX CETEH, 3TH CHUCTEMBI
CTAHOBSITCS YSI3BUMBIMH TIEpPE]] CII0KHBIMU KHOSPYTrpO3aMHy M3-3a CBOCH aBTOMATH3AIMU U TIOJKITIOUYEHHOCTH.
O0630p 00BEOMHSET CYIIECTBYIOIIME HCCICIOBAHUS IS BBISABICHUS TEKYIIUX YS3BUMOCTEH, OLECHKH
3G GEKTUBHOCTH BHEIPEHHBIX MEXAHU3MOB KHOEP3allMThl U M3YYCHUS] HOBBIX TEXHOJOTMH M TCHICHIINH,
HaTpaBJICHHBIX HA MOBHIIICHIE OE30MACHOCTH W YCTOWIMBOCTH 3TUX UHPPACTPYKTYP. AHAIUZUPYS HAYIHbBIE
KYpHaJbI, MaTepruaibl KOH(QEPEeHIM 1 OTpaciieBble OTUETHI 3a MOCeNHee ACCATHIIETHE, 0030p BBIIEISET
OCHOBHBIE TUIIBI KUOEPYTpo3, TaKhe Kak MporpaMMbl-BRIMOraTenu (ransomware), DDoS-araku u GuiuHr,
KOTOpPbIC MPENCTABISAIOT 3HAYUTEIBHBIC PUCKH JIJISl aBTOHOMHBIX AJIeKTpHieckux cucteM. OH uUccienyeT
WCTIONIb30BaHKE MEPEOBBIX TEXHOJOTHH, TAKUX KaK ajlrOPUTMBI MAIIMHHOTO OOYYeHUs JUIsi OOHApYKEHUsI
aHOMaJIMi, OJIOKUYCHH J11 00€CIICUCHHUS 1IeJIOCTHOCTH JaHHBIX M KBaHTOBAsl KpUITorpadus s 0e30macHon
koMMmyHuKanuu. Ocoboe BHUMAaHHE yJACNSIEeTCS MNPUMEHEHHIO HCKYCCTBEHHOTO HWHTEJUICKTA B
MPOTHO3UPOBAHUY KHOEPYTpO3, YTO MO3BOJISET BBIABIISTH UX JIO UX BO3HUKHOBCHHMS, YIy4Iliasi MPOAKTUBHBIC
BO3MOKHOCTHU CHCTeM 3aiuThl. O030p TakKe paccMaTpuBaeT MPUMEHEHUE TAaKMX PAMOYHBIX KOHIICTIIIHM, KaK
NIST Cybersecurity Framework u Zero Trust Model, koTopble UTrpalOT BaKHYIO POJib B (OPMUPOBAHUU
cTpaTervii 6e30MacHOCTH B 3TOM ceKTope. Tarke 0O0CYXKIAIOTCS BBI30BBI M BO3MOXKHOCTH, CBSI3aHHBIC C
ajanTanMeil K U3MEHSIOIUMCS KHOepyrpo3aM W HMHTETpalveil TeXHOJOrMH HOBOIO TOKOJCHUS B
CYIIECTBYIOIIME CHUCTEMBL. JTOT aHalW3 HAleJIeH Ha TNpeJoCTaBIeHUE CIeUaliucTaM B 001acTu
KrOep0Oe30MacHOCTH, TIOJUTHKAM U MCCIIEIOBATEISIM MPAKTUYSCKUX PEKOMEHIANNHN U TIyOOKOTr0 MOHUMAaHUS
KHOEepyrpo3 W CTpaTeruil 3aliuThl B aBTOHOMHBIX JIIEKTPUYECKHUX cHUCTeMaxX. B kKoHedHoM cuére, 0030p
HampaBJIeH Ha cojelicTBre pa3paboTke Ooyiee HaAEKHBIX Mep 0€30MaCHOCTH, YKPEIICHHE YCTOHUYHMBOCTH
cetell u obecriedeHue HAIEKHON PabOThl SHEPrETUIECKUX CUCTEM Oy TyIIero.

KiroueBble cioBa: knOepOe30MacHOCTh, ABTOHOMHBIC SJICKTPUUECKUE CUCTEMbI, YMHBIC CETH, MAIIIMHHOE
o0Oyuenue, Mojeib Zero Trust.

Main provisions

Significant emphasis is placed on the utilization of artificial intelligence for forecasting cyber dangers,
enabling their detection prior to manifestation, thereby augmenting the proactive functionalities of security
systems. The review analyzes the implementation of framework principles, including the NIST Cybersecurity
Framework and the Zero Trust Model, which are essential in formulating security policies within thisindustry.
The discourse encompasses the problems and opportunities linked to adapting to evolving cyber threats and
incorporating next-generation technologies into current systems. This analysis seeks to furnish cybersecurity
experts, policymakers, and researchers with actionable advice and a comprehensive understanding of cyber
dangers and protective solutions in autonomous electrical systems. The evaluation seeks to enhance the
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creation of dependable security measures, bolster network resilience, and guarantee the consistent operation
of future energy systems.

Introduction

Autonomous power systems are complex, autonomous power grids that use computer-based automation
and control to distribute and manage el ectricity without ongoing human intervention. They are the foundation
of modern smart grids that integrate conventiona power systems with advanced information and
communication technologies to improve efficiency, reliability, and sustainability. These systems include
elements such as advanced computing infrastructure (AMI), automated controls, and real -time data monitoring
that enable them to quickly adapt to fluctuations in electricity consumption and conditions. Using algorithms
and artificial intelligence, they can predict power demands, optimize resources, and quickly identify
bottlenecks to avoid outages [1]. They can aso more effectively integrate renewable energy sources such as
wind and solar, and adapt to their variable outputs through flexible control systems. This capability facilitates
the trangition to clean energy by increasing the use of renewable sources and reducing dependence on fossil
fuels. The technologies facilitate two-way communication between providers and consumers, improving
energy-efficient choices and managing peak demand.

These devicesincrease efficiency while simultaneously improving the security and stability of power grids.
Integrated cybersecurity protocol s enabl e real -time detection and response to potential cyberattacks, protecting
critical infrastructure and customer data from threats [2]. This level of protection is critical as grids become
increasingly computerized and interconnected with other systems, increasing vulnerability. Automation
facilitates remote diagnostics and maintenance, thereby reducing downtime and the need for on-site
technicians, which is beneficia for locations with difficult-to-reach or harsh conditions.

A key characteristic of autonomous power systems is their ability to evolve and improve over time using
data analytics. This versatility allows utilities to respond to current conditions and anticipate and prepare for
future challenges, including adverse weather conditions and changing customer behavior [3]. Their
decentralized control allows local grid segments, or microgrids, to operate autonomously when disconnected
from the main grid, providing areliable option for improving grid stability and resilience in diverse locations.

Autonomous power systems are transforming the energy sector by integrating sophisticated technologies
with new management strategies. They are essential for creating a sustainable, secure, and flexible energy
futurein which energy production, distribution, and consumption are more closely aigned with environmental
and societal demands.

Theincreasing reliance on these technol ogies highlights the critical need for robust cybersecurity measures.
Autonomous systems that leverage digital connectivity and data-driven approaches to power management are
vulnerableto cyberthreats, including hacking, data breaches, and cyber-physical attacks. Thesethreats can lead
to major power outages, the exposure of sensitive customer data, or potential physical damageto infrastructure.
Implementing robust cyber defenses is essential to protect these systems, ensuring uninterrupted operations,
and a reliable energy supply. Cybersecurity protects the integrity of the grid, ensuring its resilience to
disruptions and its ability to meet the demands of a highly interconnected society [4].

Cybersecurity is essential in autonomous power systems, protecting the data transmission networks that
connect the various components of the smart grid. These networks carry sensitive information such as customer
energy usage, operational data and control signals, making them prime targets for cybercriminals who can
exploit vulnerabilities to disrupt energy distribution or steal persona information. The increasing use of
Internet of Things (IoT) devices in grid networks highlights the need for robust cybersecurity protocols, as
these devices can create vulnerabilitiesif not adequately protected.

In addition to protecting against external attacks, effective cybersecurity also addresses the risks posed by
insider threats and accidental breaches, which can be equally damaging. Implementing strict access controls,
conducting regular security audits, using real-time threat detection and providing ongoing training for
employees are essential to maintaining system security against both interna and externa threats. This
integrated strategy will increase consumer confidence in digital infrastructure and enable autonomous power
systems.

In addition, these cybersecurity initiatives facilitate compliance with national and international
requirements for the protection of critical infrastructure [5]. Therefore, investing in cybersecurity is not just a
technical necessity; it is a strategic imperative that ensures operationa reliability, protects public trust, and
enhances the safety and functionality of modern energy systems.
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This systematic review seeks to thoroughly analyze and synthesize current knowledge on cybersecurity
measuresin autonomous power systems, focusing on important trends, challenges, and technol ogi cal advances.
It examines the spectrum of cyber threats facing these systems, the operational vulnerabilities that make them
vulnerable to threats, and the various security strategies that have been proposed or adopted to mitigate these
challenges. The assessment examines hardware and software sol utions, regul atory frameworks, and procedural
procedures designed to protect infrastructure from cyber-physical attacks, data breaches, and various security
risKs.

The review provides athorough examination of current and emerging cybersecurity technologies, drawing
on a variety of academic studies, case studies, and industry reports. It assesses the effectiveness of these
solutions in different situations and identifies knowledge gaps for future research to address [3]. The review
also considers the broader implications of these measures, including their impact on system performance and
user privacy, while providing a balanced view that encompasses technical and ethical issues. The assessment
aims to serve as a useful resource for researchers, industry professionas, and policymakers by carefully
assessing these factors to enhance the resilience and security of critical energy infrastructure.

Resear ch methodology

To ensure comprehensive coverage of relevant studies, a comprehensive literature search was conducted
across various scientific databases for the systematic review. Prominent databases included IEEE Xplore,
ScienceDirect, and SpringerLink, which are recognized for their extensive collections of technical and
engineering literature. Additional platforms such as Google Scholar and ACM Digital Library were used to
capture a broad spectrum of multidisciplinary research linking cybersecurity and electrical engineering.

The search strategy was carefully designed with specific keywords and phrases selected to retrieve the most
relevant articles. Phrases such as “autonomous power systems,” “cyberdefense,” “cybersecurity,” “smart grid,”
“information security,” “cyber threats,” “vulnerabilities,” “cyberphysical systems,” and “network security”
were included. . Logical operators such as “AND” and “OR” were used to effectively combine different
phrases, facilitating a targeted yet thorough search. To improve the results, queries such as “autonomous power
systems AND cybersecurity” and “smart grid AND cyber threats” were conducted.

This systematic approach ensured that the collected literature was not only relevant to the focus of the
review, but also sufficiently comprehensive to include diverse perspectives on the topic. The assessment
attempted to provide a comprehensive and unbiased review of cybersecurity practices in autonomous power
systems by including a variety of sources [6].

The systematic review used specific criteria to ensure the inclusion of high-quality and relevant studies.
Inclusion requirements required that studies be peer-reviewed articles or conference proceedings published in
reputable scientific journals or collections. The review focused on articles from the last decade that were
designed to reflect current and emerging trends in cybersecurity for autonomous power systems [1]. Eligible
studies should focus on cybersecurity measures, vulnerabilities, or responses to threats related to autonomous
power systems, including entities such as smart grids and |oT integration within these frameworks.

Exclusion criteriawere similarly stringent to maintain focus and quality. Studieswere excluded if they were
not in English, lacked empirical evidence, or were purely theoretical with no practical application to
autonomous systems. In addition, short abstracts, opinion articles, or editorial content without acomprehensive
review were excluded. Studies focused on non-electrical fields, such as general IT systems or unrelated
industria controls, were not included unless they offered specific anal ogies or insights relevant to autonomous
electrical systems.

This systematic approach ensured that athorough, relevant, and up-to-date literature collection was created,
providing a solid foundation for analyzing and discussing cybersecurity in autonomous electrical systems.

Results of the study

The systematic review clearly defines key termsto ensure clarity and accuracy. Autonomous power systems
refer to complex power grids that use automation and sophisticated control technology to operate
autonomously without ongoing human supervision. These systems are typically components of large-scale
smart grid structures that integrate sensors, controllers, and associated communication technologies to
dynamically adjust power distribution using real-time data and predictive anaytics. Their independent
functions improve the efficiency, reliability, and sustainability of power generation and delivery.

Cybersecurity encompasses the tactics, methodologies, and processes used to protect cyber-physical
systems, networks, and data from attacks, unauthorized access, and various digital threats that can disrupt
operations. In autonomous power systems, cybersecurity combines hardware and software solutions, security
implementations, and proactive strategies to protect critical infrastructure from vulnerabilities and
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cyberattacks [7]. Maintaining the integrity and security of power systems is critical as they are increasingly
targeted by sophisticated cyberattacks due to their importance to national infrastructure.

Many established models and theories are essential for formulating cyber defense solutions for power
systems. The NIST Cybersecurity Framework isafundamental framework that provides a systematic approach
to detecting, protecting, detecting, responding to, and recovering from cyber incidents. Its versatility and
effectiveness make it a widely recognized standard in the power sector. The CIA triad is a fundamenta
principle that emphasizes the protection of confidentiality, integrity, and availability of information, essential
for protecting dataand protecting the operational performance of power systems from unauthorized access and
disruption. In addition, the * Defense in Depth* approach, which establishes multiple layers of security to
protect against cyber threats, is often used. This layered strategy ensuresthat if one defense mechanism fails,
others will continue to provide protection. Intrusion Detection Systems (IDS) and Intrusion Prevention
Systems (IPS) are essential for protecting network traffic by detecting and mitigating anomalies that indicate
cyber attacks. Machine Learning (ML) model s are becoming more widespread because they are adept at pattern
analysis and detecting sophisticated cyberattacks across large datasets, providing superior performance
compared to traditional methods[8]. The Zero Trust model, which requires continuous verification of all users
and devicesregardless of their network location, isbecoming increasingly important as power systems become
more interconnected and vulnerable to multiple access points. These models and tactics will help develop
effective cyber defense mechanisms that are tailored to the dynamic and complex characteristics of
autonomous power systems. They will enable these systems to withstand and recover from cyberattacks while
maintaining the integrity of their critical operations. Autonomous power systems, which are essential for
modern smart grids, are particularly vulnerable to cyber threats due to their complex and interconnected
architecture. Phishing attacks are acommon problem where criminalstrick individual sinto revealing sensitive
information that compromises system security. Ransomware attacks pose a significant threat by encrypting
critical operationa data and demanding a ransom to decrypt it, potentially disabling grid operations.
Distributed denia-of-service (DDoS) attacks can overwhelm networks, disrupting services and operational
efficiency. In addition, as these systems increasingly integrate 10T devices, they are exposed to other threats,
including device hijacking and botnet attacks, where compromised devices are used to carry out additional
cyberattacks [9]. Supply chain attacks pose a significant risk, with criminal entities exploiting the software or
hardware of third-party providers to gain access to the network’s operational network. In addition, insider
threats — whether intentional or unintentional — can lead to significant security breaches, highlighting the need
for robust access controls and ongoing monitoring. The integration of Al and machine learning can also
introduce agorithmic vulnerabilities, as the reliance on data-driven decision-making exposes the system to
data manipulation or poisoning attacks that distort operational efficiency.

Man-in-the-middle (MitM) attacks, in which cybercriminalsintercept and potentially alter communications
between two parties, pose a significant threat to systems that rely on real-time data sharing for critica
operational decisions. Zero-day exploits targeting undisclosed vulnerabilities in software or firmware pose a
persistent challenge because they can be expl oited before devel opers have the opportunity to patch them. Such
vulnerabilities highlight the need for flexible and adaptabl e cybersecurity solutionsto protect the integrity and
reliability of autonomous power systems. (Figure 1).

In autonomous electrical systems, advanced cybersecurity tools and strategies are employed to
safeguard infrastructure from cyber threats and maintain strong defenses. Firewalls and intrusion
detection systems (IDS) serve as the initia defense, with firewalls managing network traffic based
on established security rules and IDS detecting unusual or suspicious activities. Intrusion prevention
systems (IPS) take this a step further by proactively blocking identified threats. Encryption plays a
vital role by protecting sensitive data both in transit and at rest, ensuring it remains secure from
unauthorized access or interception.

Endpoint security solutions are widely implemented to protect every device connected to the
network, including servers and operational technology (OT) components like smart meters and
controllers, from maware and other cyber exploits. Security Information and Event M anagement
(SIEM) systems enhance real-time monitoring by analyzing security alerts from network hardware
and applications, enabling rapid responses to potential threats. Network segmentation further
strengthens security by dividing the network into isolated zones, limiting the spread of breaches and
restricting attackers' lateral movement within the system [10].

192




Abaii amvinoaser Kaz¥I1Y-uiy XABAPIIBICHI, « Duszuka-mamemamura suiiimoapsly cepusicol, Ned(88), 2024

IaT-hpacHic Thresos

- in. Huee-Middie (MR Crmtribubed Dol of Sarvice (DDo%|

Feen-Day Exgpluits N dri mridir

srgi il Habene of 5yspkins iglni ATEEChs

Nzal-Tires Dafm Exchanpe ‘Wapk Hebwark Tzcunky

B=T Cevics imtsgretion Flumasa Ermar

Unkaeys Sofanrs Wide arabdlicies

Figure 1. Cyber Threats and Vulnerabilities in Autonomous Electrical Systems: A Circular
Representation

Identity and Access Management (IAM) systems play acritical rolein securing access to essential
systems by enforcing strict authentication and attribute-based access control policies for users. With
the increasing adoption of 10T devices, speciaized 10T security platforms are now commonly used
to monitor and manage the security of these devices. Additionally, Zero Trust architectures are
gaining traction, operating on the principle that all users and devices, whether inside or outside the
network, must be continuously verified before gaining access. This approach significantly enhances
the overal security framework by addressing both internal and external threats (Tables 1-2).

Table 1. Security Measures Overview

Category Components
Network Security Firewalls, Intrusion Detection Systems (IDS), Intrusion Prevention
Systems (IPS)
Data Security Measures | Encryption Technologies, Data Masking, Tokenization
Application Security Security Testing, Application Firewalls, Secure Coding Practices

Table 2. Advanced Security Layers

Category Components
| dentity Management Biometric Systems, Two-Factor Authentication, Sngle Sgn-On (S0O)
Endpoint Security Anti-Virus and Anti-Malware, Mobile Device Management
Cloud Security Cloud Access Security Brokers (CASB), Secure Cloud Storage, Virtual
Private Networks (VPN)
Evaluation Effectiveness, Compliance with Regulations, Integration with Existing
Systems

The adoption of automated security solutions powered by artificial intelligence (Al) and machine
learning (ML) is on the rise. These technologies enhance the ability to predict and respond to cyber
threats by analyzing historical data and detecting patterns that signal potential security breaches.
Together, they form arobust cybersecurity strategy designed to protect autonomous el ectrical systems
from awide range of threats while maintaining their operational reliability and continuity. Real-world
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incidents underscore the critical importance of cybersecurity in these systems. For example, the 2015
cyberattack on Ukraine’s power grid demonstrated how hackers used phishing schemes to deploy
malware, enabling them to remotely disable substations and leave approximately 230,000 people
without power for several hours. This was the first documented attack to successfully disrupt
operational technology within apower grid. Similarly, the Stuxnet worm, discovered in 2010, targeted
SCADA systems used in Iran's nuclear facilities. It manipulated centrifuges to self-destruct while
displaying normal operations, showcasing a highly sophisticated cyber-physical attack (Clark, 2021).
In practice, frameworks like the North American Electric Reliability Corporation (NERC) Ciritical
Infrastructure Protection (CIP) standards exemplify efforts to secure critical power systems. These
standards mandate utilities to implement robust protection measures for cyber assets crucia to the
reliability of the electric grid. To comply, many organizations are adopting advanced tools such as
Security Information and Event Management (SIEM) systems and next-generation firewalls, which
strengthen their cybersecurity posture [11].

The Dragonfly 2.0 campaign, active between 2011 and 2017, highlighted vulnerabilities in the
energy supply chain by attempting to gain remote access to power grid operations in the US and
Europe. Thisincident emphasized the importance of securing network boundaries and enforcing strict
access controls. On a proactive front, many utilities now employ machine learning algorithms to
predict and mitigate cyber threats before they materialize. These systems are integrated into
operational networks to enable real-time threat monitoring and response.

These examples illustrate the evolving threats facing autonomous electrical systems and
highlight the advanced strategies required to safeguard them against increasingly sophisticated
cyberattacks. Building on the discussion of real-world examples highlighting the importance of
cybersecurity in autonomous electrical systems, the 2017 WannaCry ransomware attack serves as a
significant case study. Although itstargets were broad, the attack exposed the vulnerability of critical
infrastructures, including the energy sector, to global cyber threats. WannaCry exploited outdated,
unpatched, or unsupported Windows systems, encrypting data and demanding ransom payments for
decryption. This incident emphasized the urgent need for regular updates and security patches in
critical infrastructure systems to prevent exploitation by similar malware campaigns (Foster, 2022).
In response to such threats, energy companies are increasingly adopting advanced persistent threat
(APT) protection techniques. These include network segmentation, continuous monitoring, and
anomaly detection systems to identify and neutralize threats before they can execute or move within
the network. For example, Southern California Edison (SCE) has implemented cutting-edge
cybersecurity solutions to protect its operational technology. The company employs real-time
monitoring and advanced analytics to detect unusua network activity, a potential sign of a
cyberattack. Additionally, multi-factor authentication (MFA) and strict access controls ensure that
only authorized personnel can access critical systems, reducing the likelihood of insider threats.

A suspected attack on India’s power grid in 2019, allegedly carried out by state-sponsored
entities, highlights the vulnerabilities facing autonomous power systems. While it has not been
extinguished, it appears to have been a reconnaissance effort to map grid infrastructures for potential
sabotage. The incident has prompted utilities around the world to improve their cybersecurity
protocols, focusing on preventing breaches and understanding potential threats to formulate specific
countermeasures (O’Donnell, 2020). These examples highlight the dynamic nature of cyberthreatsto
autonomous power systems and the imperative for robust, multifaceted countermeasures. Effective
approaches must combine new technologies with human oversight to protect critical energy
infrastructure.

Recent advances in cybersecurity are revolutionizing the way autonomous power systems are
protected from the growing threat landscape. Artificial intelligence (Al) and machine learning (ML)
technologies have significantly improved the detection and response to cyber threats by analyzing
large datasets to identify patterns that indicate attacks. These systems can quickly detect anomalies
and eliminate threats in real time, thereby reducing response times and limiting potential damage.
Blockchain technology is also emerging as a viable tool for securing data transmissions and

194




Abaii amvinoaser Kaz¥I1Y-uiy XABAPIIBICHI, « Duszuka-mamemamura suiiimoapsly cepusicol, Ned(88), 2024

transactions in energy networks. A decentralized, tamper-resistant ledger system ensures data
integrity and traceability, increasing system security. Together, these advances are changing the
cybersecurity landscape for autonomous power systems, facilitating proactive and effective defense.
The advent of quantum cryptography is a significant advance in cybersecurity, using concepts from
guantum mechanics to protect data transmissions. This technology provides unique encryption that
can potentially protect against even the most sophisticated cyberthreats, including threats from
guantum computers. The introduction of zero-tolerance security models is revolutionizing
conventional security methodologies. Unlike perimeter-based approaches, zero trust assumes that no
person or device is inherently trusted, regardless of their location in relation to the network. This
paradigm requires continuous verification of all activities, thereby significantly reducing the potential
attack surface. Security automation, automation and response (SOAR) systems are increasingly
important in a modern cybersecurity strategy. These solutions simplify threat detection, intelligence
analysis and automation of response actions, which allows enterprisesto quickly address cyber threats
while conducting threat intelligence. Sophisticated endpoint detection and response (EDR) systems,
combined with SOAR tools, provide extensive monitoring and response functions across all network
devices, which makes it easier to quickly identify and mitigate potential threats. In the field of 10T
security, which is critical for autonomous power systems, specialized platforms are being created to
protect device connectivity and monitor the lifecycle of 10T devices. These technologies identify
sensitive devices, facilitate rapid updates and monitor irregular activities that may indicate a security
breach. Overal, these advances significantly improve the security of critical infrastructure, especialy
in autonomous power systems, where the consequences of attacks are severe. They offer a more
flexible and robust cybersecurity framework that is better suited to address the changing threat
landscape.

Artificial intelligence (Al) and machine learning (ML) have become essential components of
modern cyber defenses, especialy in protecting autonomous power systems. These technologies
provide enhanced analytics capabilities that enhance threat detection and response. Al and machine
learning can rapidly analyze large data sets, identify trends and anomalies that may indicate a
cyberattack. By analyzing historical data, they can predict and adapt to new strategies used by
competitors. Anomaly detection agorithms can monitor network traffic in real time, identifying
anomalies such as atypical data transfers or suspicious login requests that may indicate a potential
breach or attack attempt. These capabilities make Al and ML indispensable tools for ensuring the
security and reliability of autonomous power systems [12-13].

Machine learning (ML) is important in predictive cybersecurity because it studies patterns and
trends to predict potential attacks. This alows enterprises to implement preventive strategies against
potential threats, which is especially effective in autonomous power systems where minimizing
downtime is critical. In addition, Al-driven security automation technologies can autonomously
address identified risks by isolating affected systems or implementing remediation without human
intervention. This automation significantly reduces response time and reduces the risks associated
with human error. Al extends behavioral analysis by creating baseline profiles for typical network
activity and identifying anomalies that may indicate malicious activity. It is particularly effectivein
identifying insider threats and advanced malware that can bypass conventional detection methods. In
addition, Al improves phishing detection by systematically evaluating email and web content with
accuracy that exceeds human capabilities. This reduces the likelihood of phishing attempts, often a
prelude to large-scale, significant breaches. Applying Al and ML to cybersecurity practices will
increase the security of autonomous power systems by providing scalability and efficiency. These
technologies will allow defenses to dynamicaly respond to the ever-evolving threat landscape,
addressing emerging vulnerabilities and attack methodol ogies. The ability to rapidly evolveiscritical
to maintaining an edge over cyberthreats in a dynamic and ever-changing landscape.
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Discussion

This systematic review examines the complex cybersecurity challenges facing autonomous
power systems, assessing threats, vulnerabilities, and current defense solutions for these critical
components of critical infrastructure. The increasing integration of modern technologies such as loT
and reliance on real-time data anal ytics have made these systems attractive targets for attacks. Recent
advances in cybersecurity, such as the integration of artificial intelligence, machine learning,
blockchain technology, and quantum cryptography, have significantly increased the ability to predict,
detect, and mitigate cyberattacks. These solutions enhance security and operationa efficiency,
providing adual advantage to autonomous power systems. Implementing a zero-trust architecture and
endpoint detection and response systems demonstrates a proactive cybersecurity strategy that
prioritizes ongoing verification and rapid threat mitigation. Artificial intelligence has transformed
cybersecurity by automating and improving threat detection and mitigation, leading to more agile and
adaptive systems that can respond to the evolving cyberthreat landscape. Despite these advances, the
assessment highlights the need for ongoing research to address emerging vulnerabilities and the
importance of maintaining robust security policiesto protect against both external and internal threats.
This work provides a comprehensive review of cybersecurity in critical electrical infrastructures,
highlighting the need for continued innovation and vigilance. As reliance on autonomous systems
increases, so too must the ability to protect them.

Conclusion

This systematic review examines the complex cybersecurity challenges facing autonomous
power systems, assessing threats, vulnerabilities, and current defense solutions for these critical
components of critical infrastructure. The increasing integration of modern technologies such as loT
and reliance on real-time data anal ytics have made these systems attractive targets for attacks. The
assessment highlights the evolution of threats, from ransomware to advanced state-sponsored cyber
operations, citing rea-world incidents such as the attack on Ukraine’s power grid and the Stuxnet
virus as clear examples of the concerns that are being raised. Recent advances in cybersecurity, such
as the integration of artificial intelligence, machine learning, blockchain technology, and quantum
cryptography, have significantly increased the ability to predict, detect, and mitigate cyberattacks.
These solutions enhance security and operationa efficiency, providing a dual advantage to
autonomous power systems. Implementing a zero-trust architecture and endpoint detection and
response systems demonstrates a proactive cybersecurity strategy that prioritizes ongoing verification
and rapid threat mitigation. Artificial intelligence has transformed cybersecurity by automating and
improving threat detection and mitigation, leading to more agile and adaptive systems that can
respond to the evolving cyberthreat landscape. Despite these advances, the assessment highlights the
need for ongoing research to address emerging vulnerabilities and the importance of maintaining
robust security policies to protect against both external and internal threats. This paper provides a
comprehensive review of cybersecurity in critical electrical infrastructures, highlighting the need for
continued innovation and vigilance. As reliance on autonomous systems increases, so too must the
ability to protect them.
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PU3UKAHBI OKBITY IA KOMIIBIOTEPI KOJITAHY MYMKIHAIKTEPI:
OIITUKA BOUBIHIIA 3EPTXAHAJIBIK ’K¥MbBICTbBI OPBIHIAY MbBICAJIBIHJIA

Anoamna

Makanaga onTrka OOMBIHINA 3epTXaHAIBIK KYMbICTapAbl opbiHAayna («HbIOTOH cakmHaiIapbl apKbLIbI
JIMH3aHBIH KUCBIKTBIK PaJHyCHIH aHBIKTAY» 3€PTXaHANbIK JKYMBICHIH OPBIHIAY MBICAJIbIHAA) KOMIBIOTEPIi
KOJIJaHy MYMKIHIIKTEpi KapacThIpbUIFaH. 3epTTeyJiH MaKcaThl SKCIIEPUMEHTTI KYPri3y, JepeKTepai oHaeY
YKOHE HOTIKEJEePAl YChIHY MPOIECiHIe KOMITBIOTEP Il TTaiifaanyablH apTHIKIIBUIBIKTAPhl MEH KEMIIUTIKTePiH
aHBIKTay 0O 3epTTey OaphICHIHIA 3ePTXaHAIBIK KYMBICTAPIbl OPBIHIAY OAPBICHIHIIA TOCTYPII SIICTED e,
KOMIIBIOTEpIIiK Oarmapnamanap na Koinaneuipl. KeifiH 3epTXaHalblK KYMBICTapAbl OpPBIHAAYIBIH 9pOip
TYpiHiH OUTIM aNyIIbUIAPIBIH KaOBUIIAaybIHA, abIHFAH HOTIDKEIEPAIH IOIIITiHe jKOHE THIMLIITIHE ocepi
CaNBICTBRIPMaNbl TYPAE TalJaHIbl. 3epTTey HOTIKENepi KOMITBIOTEPIiK Oarmapiamainap eIley JSJIiriH
apTTBIPYIBL, JIEPEKTEPAl OHJCY MPOIECIH KbUIIAMIATY/AbI KOHE HOTIKENep/i KOpHEKi eTyAl KaMTaMachl3
CTeTIHIH KepceTTi. JlereHMeH, TEXHUKAIBIK >KAOJbIKTapFa TOYCJIUNK OHE OLIIM  alyIibuIapabl
OargapiraMaiblK )kacakTaMaMeH KYMBIC iCTeyTe allZIblH aja JalbIH/ay KQKETTLTIT CHSKTHI KeHOip meKTeyiep
Jie aHBIKTAIIbl. 3epTTEeYAiH MaHBI3JbUIBIFEI (PM3UKAHBI OKBITY/Ia KOMIBIOTEPIIK TEXHOJIOTHSIIApABI KOJIIaHy
o/licTeMECiH KeTUIIIpyMeH OaianbIcThl 00JTbIN TaObUIabl. Byt MaMaHnap bl aibIHay canlacklH apTThIpyFa
MYMKIHIK Oepei *oHe 3aMaHayu O1l1iM Oepy cTaHIapTTapblHa CoWKec KeJel.

Tyiiin ce3aep: TONKBIHABIK ONTHKA, HHTep(hepeHnus, HploTOH cakuHamapbl, KOMITBIOTEp, 3€PTXaHAIbIK
KYMBIC, (U3UKaHBI OKBITY dJliCTEMECI.

A.B. A6nynaesal, b.P. Caku6aenal, K.P. Xaxnaes!, H.)XK. XanarGexona®
HAO «Kerbicycknii ynusepcurer umenn W.JKancyryposay, r. Tanasikopran, Kasaxcran
BO3MOKHOCTHU UCITOJb30BAHUSA KOMIIBIOTEPA ITPU OBYYEHUU ®U3UKE:
HA ITPUMEPE BBIIIOJTHEHUSI IABOPATOPHOM PABOTBI 11O ONITHUKE

Annomayust

CraThsi TIOCBSIICHA HCCICIOBAHUIO IMPHMEHEHUS KOMITBIOTEpa B 00pa30BaTeNbHOM IIpOIecCce IPU
BBITIOJTHEHUH JTA0OPAaTOPHBIX pabOT MO ONTHKE, Ha TpUMepe 3KchepuMeHTa «OmnpeneleHne paanyca
KPUBHU3HBI JIMH3bI C TOMOIILI0 Kosiell HbioToHay. llenb uccienoBaHus 3akiaidajach B BBIIBICHHUU
MPEUMYIIECTB U HEIOCTaTKOB MCIIOJIb30BAHUS KOMIIBIOTEpAa B MPOIECCE IPOBEACHHUS DKCIECPUMEHTOB,
00pabOTKH NTaHHBIX M TPEICTaBICHUS PE3yJIbTaTOB. METOIONOTHs UCCIEAOBaHUS BKIOYANa MPOBEICHUE
J1a00PaTOPHOM PabOTHI C UCIIOIB30BAHUEM KaK TPAIUIIMOHHBIX METOIOB, TAK M KOMITBIOTEPHBIX MPOTPAMM, C
MOCJIEAYIONUIMM CPaBHUTEIbHBIM aHANIU30M 3(PQGEKTHUBHOCTH, TOYHOCTH M BOCIHPHUATHS O0YUYaIOIIUMHCS
Pa3IUYHBIX TOJXOM0B. Pe3yibTarhl nccienoBaHus MPOASMOHCTPUPOBAIH, YTO KOMITBIOTEPHBIE TPOTPaMMEBI
00ecreurnBaOT TOBBIINICHHE TOYHOCTH W3MEPEHHU, YCKOPSIOT Mpolecc O0OpabOTKH NaHHBIX W JAENa0T
pe3ynbTaThl 6ojee HarIsIAHbIMA. OTHAKO BBISBICHBI M HEKOTOPBIC OTPAHUYCHHMSI, TAKHE KaK 3aBUCUMOCTb OT
TEXHUUYECKOTr0 OCHAIICHHUS M HEOOXOIAMMOCTh MPEIBAPUTEIBHON IMOATOTOBKM OOy4arommxcsi K pabore c
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MPOrPpaMMHBIM OOECIICUeHHEeM. 3HAYMMOCTh HCCIICJIOBAHUS 3aKIIOYAaeTCs B Pa3BUTHH METOJIUYCCKOTO
MOJIX0/1a K BHEJAPCHUIO IU(POBBIX TEXHOIOTUH B €CTECTBEHHOHAYYHOE O0Opa3oBaHME, YTO CIIOCOOCTBYET
COBEPIICHCTBOBAHHIO J1a00pAaTOPHOIO TMPAKTUKyMa, TOBBIIICHUIO KadyeCTBA IMOATOTOBKH CIICI[UAIUCTOB U
COOTBETCTBHIO COBPEMEHHBIM 00pa30BaTeIbHBIM CTaHAapTaM.

KiroueBble cjioBa: BOJHOBas ONTHKA, HHTepeEpeHIHs, Koiblla HploToHa, KOMIbIOTEp, TabopaTopHbIe
paboTHI, METOUKA MTPETOIaBaHUS (PU3UKH.

A. Abdulayeval, B. Sakibayeval, K. Zhakpayev?, N. Zhanatbekovat
INPJSC «Zhetysu University named after 1. Zhansugurov», Taldykorgan, Kazakhstan
POSSIBILITIESOF COMPUTER USE IN TEACHING PHYSICS:
THE EXAMPLE OF LABORATORY WORK ON OPTICS

Abstract

The article is devoted to the study of computer application in the educationa process when performing
laboratory works in optics, on the example of the experiment «Determination of the radius of curvature of a
lens using Newton's rings». The aim of the study was to identify the advantages and disadvantages of using a
computer in the process of conducting experiments, data processing and presentation of results. The
methodology of the study involved conducting laboratory work using both traditional methods and computer
software, followed by a comparative analysis of the effectiveness, accuracy and learner perception of the
different approaches. The results of the study demonstrated that computer programmes provide improved
accuracy of measurements, speed up data processing and make the results more visible. However, some
limitations, such as dependence on technical equipment and the need for prior training of learners to use the
software, were aso identified. The significance of the study lies in the development of a methodological
approach to the introduction of digital technol ogiesin science education, which contributes to the improvement
of laboratory practice, enhancing the quality of specialist training and compliance with modern educational
standards.

K eywor ds: wave optics, interference, Newton's rings, computer, labwork, methods of teaching physics.

Herisri epe:kenep

3eprrey OumiM Oepy mporlieciHae, acipece (U3UKAHBI OKBITY KOHTEKCTIHIE KOMIIBIOTEPIIIK
TEXHOJIOTUSIHBI KOJIJJaHy MacenesepiHe OarbITTainFaH. 3epTTey/iiH Makcatel «HbIOTOH cakuHaIapsl
apKBUTBI JIMH3AHBIH KUCBHIKTHIK pAJMyChlH aHBIKTAY» 3€PTXAHAJBIK JKYMBICHIH OpBIHIAY YIIiH
KOMIIBIOTEPIIIK OaFaapiamManap/ibl naiianany 00Jbn TaObUIabl. 3epTTey HOTHXKeIepl PU3UKAIIbIK
1amMa CEHCOpJIapbIHAH JIEPEKTEP/ll KOMITBIOTEPIIIK OHACY — OJIIIeYy MPOILECIH >KEHUIIETIN KaHa
KolimMaii, OHbI OLTIM aJyIIbUIAP YIIIH KOJI KETIMI1 jKOHE KbI3BIKTBI €TeTiHIH pacTanabl. Ochliaiiia,
Makaja OulIM amylbuiapablH (U3HKaIbIK MPOLIECTEP Typalibl TYCIHITIH XKaKCapTyFa jK9HE OJIap/IblH
OKYyFa JIETEH BIHTAChIH apTThIpyFa BIKMAl €TeTiH (u3MKa canachlHAarbl OuTiM Oepy mpoleciHe
KOMITBIOTEPIIIK TEXHOJIOTUSHBIH OH 9CEPIH pacTalThblH 3epTTey OOJIbIN TaObLIadbI.

Kipicne

3aMaHayu KapaTbUIBICTAHY FBUIBIMH OLTIM Oepy — OUTIKTI MaMaHAap/Ibl JaspiaayablH aKplpamac
Oemirine aHanFaH MUOPIBIK TEXHOJOTHSIAPABI OelceHal eHri3yai Ttanamn ereni. Kommberoreprik
TEXHHKa MEH OarlapiaMaiblK KaMTaMachl3 €TYyIiH KapKbIHIbl JaMybl KaraalbiHIa OutiM Oepy
npouecinie U PIbIK SAICTEPl KOIAAHY OKBITYABIH TUIMIUIITIH apTTHIPY YIIIH XKaHa MYMKIHAIKTED
amajapl. ATan aifTKaH/a, 3epTXaHaNbIK )KYMBICTapAbl OPbIHAAYIa KOMIIBIOTEPIIIK TEXHOIOTUsIAPAbI
KOJIJIaHy OJIIIey JOJIITH apTThIpyFa, SKCIEPUMEHTTIK JepeKTep/Il OHACYAl OHTAlIaHABIPYFa JKoHE
HOTIKENIEpll KOpHEKI TYp/e YChIHYFa MYMKIHJIK Oepeni. CoHbIMEH Katap, Ou1iM Oepy mpoliecine
nu@pIbIK Kypanaapibl eHrizy OipkaTap oOICHAMANbIK >KOHE MPaKTHUKaIbIK KHUBIHABIKTapMEH
OaiimanpicTel. OChIHAAW KHUBIHIBIKTApABIH Oipi HUQPIBIK TEXHOJOTHSUIAPJBIH TEXHUKAJBIK
MYMKIHJIKTEplI MEH OLTIM allylIbUIapAbIH 3€pTTeY KOHE IMPaKTUKAJBIK JaFAbUIapbIH JaMBITyFa
OarpITTaNFaH O11IM Oepy MakcaTTapbl apachIHIAFbl COUKECTIKTI KaMTaMachl3 €Ty OO0JIbIN TaObLIaIbI.
CoHbIMEH KaTap, KOMITBIOTEPIIIK TEXHOJOTUSIIAPAB! KOJAaHy OUTIM alymiblIapabl OaraapiiaMalibik
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KacaKTaMaMeH >KYMBIC ICTeyre alJblH-alia JaibIHaay el Tajlan eTefl, OyJ KOMIIBIOTEepIl Karmai
TOXKIpUOETe eHT13y MPOIIECIH KUBIHAATYbl MYMKIH.

3epTTeynin MakcaThl (u3uKa OOWBIHINIA 3ePTXAHAJBIK JKYMBICTApAbl OpBIHAAYAA KOMIBIOTEPAI
naigananyablH apThIKIIBUIBIKTAPEl MEH KEeMIIITIKTEepiH aHbIKTay OOJIbIN TaObLIaabl. 3epTTey
JKOFaphI OJIIICY JTANJIITIH KOHE JCPEKTEPli MYKHIT OHICYIl KakeT eTeTiH «HbIoTOH cakuHamapsel
apKbUIbl JIMH3aHBIH KHUCBIKTBHIK PAJWYChIH AaHBIKTAy» 3€pPTXaHaJlbIK KYMBICHIHBIH MBbICAJIbIH/IA
KYPrizimi.

3amaHayun KoMIbloTep OI37iH OMipiMi3iH axkbeipamac Oemiri Oomblm TaOBUTABI, ON TEK
TEXHUKAJIBIK KYpaJl PETiH/Ie FaHa eMec, COHBIMEH KaTap jkaHa OuTiM, OLTiK JKOHE JaFabliIapIbl UTepy
Kypaibl peTiHze e Koijanbuia anaapl. KommbioTepai OKy NpoIeciHe HWHTerpanusiay
AKCIIEPUMEHTTEP MEH 3ePTTEYJIep/Ii IepOec Typ/ie carmalibl )KYPri3yai KaMTamMachl3 €Te OTBIPHII, O1TIM
aJly MYMKIHTIKTEpiH KeHEeHUTe 1.

3epTXaHabIK KYMBICTAPABl OPBIHAAY Ke3iHae OuliM amymbuiap (U3HKaNIBIK KYOBLIBICTAPIbI
OaKpUTAlAbI, (PU3UKAIBIK KypalgapAbl KOJJAaHyFa YHPEHEIl, COHBIMEH Karap JIepeKTepi Tajaay
JaFbLIApbIH  JaMbITaAbl. JlereHMeH, YakbITThIH HIEKTEYIUIIr JKOHE 3epTXaHaNbIK >KAOJbIKTHI
KaHapTyFa OalIaHbICTBl KUBIHABIKTap Ooinanel. Kemreren 3eprreymiiiep MeH ¢(usmka ToHI
MYyFajimMepi 3epTXaHalbIK cabaKTapra KOMIBIOTEPIIIK TEXHOJIOTUSHBI €HT13y aTalfaH Macemenepai
mrernre anaael jgen ecenteiai. Mocenen, Fiolhais C., Trindade J. [1] ¢u3ukanbl OKbITYAAFbl ©3
TOXKipuOenepiH cumarTail  OTBIPBIN, OKYIIBUIAPJBIH  YATEpIMIH  apTTBIpYJaFbl  ecenTey
TEXHOJIOTUSUTAPBIHBIH POJIiH )KaH-KAKThI Taarad. A OuriM Oepyeri 6araapiaamMalibiK KaMTaMachi3
erymiH THiMai Oaramay okyitecin Avouris N. M. sxoHe oHbIH opinTectepi [2] 3eprreynepinae
KeNnTipreH. ABTopiap OKy OarmapiiaMaiblK KaMTamachl3 €Ty JKYHECiHIH KOJJIaHy THIMIUTITIH
OaraiayMeH OaiJIaHBICTBI CypakTap MeH ojictepai cumartaran. Asiksoy G., Islek D. [3] 6imim
QTYIIBUTAPABIH, BUPTYAIIBI 3€PTXaHAIBIK JKYMBICTapFa MiKipiH OUTy MakcaThIHIA TECTKE JCUIHTI
(pretest) »xone TectreH Keiinri (PoSt-test) 6akputay TOOBI 9MICIH KOJJAHFaH. 3epTTey OapbhIChIHIA
KYPTi3UIreH KapThulail KypbUTBIMIANIFaH CyX0aTTacy HOTHXKeINepi OLTiM alylIbuIapIblH BUPTYaIIbI
(bu3MKaNBIK 3epTXaHaHbl OPBIHJIAyFa KATHICTHI OH MiKipiHIH KaJBINTACKAH/IBIFBIH KOPCeTTi. Anaiiia,
BUPTYaJABl 3€PTXAHANBIK JKYMBICTap TAaOWFH OKCIIEPHUMEHTTEPAl TOJIBIFBIMEH —aJMacThIpa
aMalTHIHIBIFBIH TYCiHy KaxeT. Byn CIOBEHHAIBIK OpTa MeKTemTe yprisinmren Spernjak A.,
Sorgo A. [4] 3epTTeyi HoTIKeTepiMeH colikec Keresi. JlocTypii oflicTep MeH 3aMaHayH TOCiIIepIiH
aKplIFa KOHBIMJIBI YHieciMi OLTIM anylIbUIapAblH HETI3rl JaFibUlapblH FaHa eMec, 3epTTey
JaFABUTAPBIH J1a KAJIBITACTHIPYFa BIKIAT €TeIi.

Opebuerrepre KacajafaH Tallay KepCeTKeHJeH, KapaTbUIbICTaHy TOHIEPIH OKBITY/Aa
KOMIIBIOTEPIIIK  TEXHOJOTHSUIapAbl KOJAAHY JISCTYpJl OAICTepMEH THIMJII YHiecin, OuliM
aNylbLIapAbIH Oepik OUTIMIH KaJIbINITACTBIPYFa XKOHE 3€pTTey JaFbUIapblH AAMBITYFa BIKIAJ €Te/l.
Mpeicanbl, Garraway Lashley Y. [5] 3epTreyi KBa3MIKCIEPUMEHTTIK OJIC apKbUIBI JKYPTi3LIreH,
HKCIIEPUMEHTTIK TOINTa OHOJOTHSHBI OKyJda KOMIBIOTEPIK TEXHOJIOTHUsNap, Oakblaay TOOBIHAA
JOCTYPIl OKBITY OMICTEpl KOJJAHBUIFAH. 3epTTey OapbhIChIHIA OSKCHEPUMEHTTIK TOIM OUIIM
aIyIIbUIAPBl aUTapIBIKTAl XKAKChl HOTH)KE KOPCETKEH1 aHBIKTalAbl. Byl OKy ynrepiMmiH apTThIpy
YILIiH KOMITBIOTEPITIK TEXHOJIOTHSIIAP,IBI KOJIAHYIBIH MAaHBI3IbIIBIFBIH aKBIH /TN Il

Blanco-Garcia J. men Dorrio B. V. [6] 6inim amymibuiapp! ONTHKaHBIH HETI3T1 MPUHIMIITEPIMEH
KOHE OHBIH MPAKTHKAIBIK KOJJIAHBUTYBIMEH TaHBICTBIPY YIIiH OipKartap JeMOHCTPAIUSIIBIK
HKCHEPUMEHTTEp KYpacThIpFaH. 3epTTey HOTWXKenepi OUIiM alylibulapFa HEri3ri  FbUIBIMU
TYKBIpBIMAaMatapabl TAHBICTBIPYAaFbl MHTEPAKTHBTI OKBITY IBIH MaHBI3IbUTBIFBIH KOPCETEII.

Gormally C. sxoHe oHbIH apinTectepi [ 7] 3epTTeyiHe 3epTXaHalbIK cabaKTap IblH OKYIIbLIAPIbIH
FBUIBIMH CayaTTBUIBIFBIH JKOHE 3€pTTey NaFIbLIaphlH JaMBITYIAaFbl MYMKIHIIKTEpIH CHIIaTTaca,
Putri L. A. Gacraran ranpiMmap ToOBI [8] 3epTTey »KYMBICHI OUTIM amymIbUIapIbIH KAPBIK KOHE
OINITUKA CAJACBIHJAFbl FBUIBIMHA CayaTTBUIBIFBIH apTTHIPy MAaKCaThIHIA BHPTYAJIIbl 3€pTXaHAHBI
KOJIIaHy bl TaJayFa OarbITTanFad. TOJKBIHABIK ONTHKA OOMBIHIIIA TAOUFH OKY IKCTIEPUMEHTTEPiHIH
caHbl KeIl eMec. byJl TypFbi/ia KOMIBIOTEPIIIK MOJIENb ey (PU3UKAIBIK MPOLIECTEP/I1H KOPHEKUIIT MEH
erKeN-TerKeMTUTITIH JKaKcapTyFa MYMKIHAIK OepeTiH MaHbI3IbI KOChIMIIIaFa aifHanaapl. ONTHKaHBI
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OKBITYMEH OaiyIaHBICTBI 3€pTTEYJIEPAIH KOIIIUIri KOMIBIOTEp apKbUIbl OKY IpoleciH Oackapyra
KaTBICTBI Maceseliepre OaFbpITTalIFaH, KEHOIp 3epTreyieple KOMIBIOTEPIIIK TEXHOJIOTHSIIAP IBIH
JIHMJAKTUKAIBIK MYMKIHAIKTEpi KapacTeipbuiran. Macenen, Donald C. O'Sheaes 3eprreyinze onTuka
3epTXaHaJIapbIH CUITATTaAbl. ABTOp OULTIM alymIbliap KapanaibiM SKCIIEPUMEHTTED KUBIHTHIFbIHAH
Oacran 3aMaHayl ONTHUKAJIBIK acTanTap KOJIJaHbUIAThIH TOPT SKCIIEPUMEHTTEP KUBIHTHIFbIHA, COAAH
KeWiH ONTHKAJBIK TECTiJICY, OHIIPIC, JICKTPOONTHKA, JIMH3AIAP JU3AHbI KOHE ONTOMEXaHUKAIBIK
Au3aiiH OOWBIHINIA MaMaHIaH IbIPBUIFaH 3epTXaHalap KUbIHTHIFBIHA aybICa aJaThIHBIH aTar oTTi [9].

Gilani T.H. wmen Dushkina N.M. [10] Maccadycerc mTaThbiHAaFrbl MHIUICPCBUILT
yauBepcutetinae 2007 xbuibl xypriziiren PHYS 331 Optics kypcblH cunarTarad. byl KypcThiH
3epTXaHANBIK O6JIMiHAC JKaHAIBIKTapFa HETI3NENTeH TOCLT KOJJIAaHBUIFaH. bimiM  amymisiiap
THIIOTE3aHbI 3ePTTETCH, SKCIIEPUMEHTTEP d31pJIeTeH KOHE )KYPri3reH, KaThlHACTAP MEH HOTHIKENIEP i
OoipkaraH, IepeKTepal eHaered. by Kkypc OakanaBpHaTTBIH 3€pTTEY JKOHE OKY OarjapiaManapbiHa
acep etken. Jesus Blanco-Garcia, Benito V. Dorrio [6] makanaceiHaa HETi3ri ONTHKAIBIK, YFBIMIAPIbI
JEMOHCTpAIMSIIAy TOXKIPHOECIH KOHE OJIapMEeH OalIaHBICTBI KOJJIAHOAIBI TEXHOJOTHSIIAPIbI
KapacTbiprad. OnTHKAIBIK KyObUIbICTAp b1 3epTTeyain o3ekTiairi Ndihokubwayo K., Uwamahoro J.,
Ndayambaje |. [11] makanacbiHaa CHIaTTalFaH. 3epTTeyae OUTIM alyIIbUIapAbIH YArepiMi OKyIaH
OYpBIH JKOHE OJIaH KEHiHT1 9p TOM YIIIIH F€OMETPHUSIIBIK ONTUKAHBI TYXKBIPBIMIAMAIIBIK TYCIHY T€CTIH
oTKi3y apkbutbl Oaramannbl. PhET monenbney sxone YouTube Buaeomarepuangapbl KOJIaHBLUIFAH
TONTapJarbl OUTIM amylIbUIapAbIH YJATepiMiHiH opTaia ecimi colikecinie 12% sxxone 11% kypansl,
aJl TeK JOCTYPJIi OKBITY OMIiCTEpiH KojjaHFaH Tonrta TeK 2% -Fa oCKeH. byi HoTmxkenep OuTiM
anymbUIapAbpl ~ MaHunyssiusicbiHcbi3  PhET  mopmenbneyiH  konmany — (Ochl  3epTTeyne
KoJIIaHbUIFaHait) YouTube BuaeonapelH TaljaiaHy CHSKTHI THIMII €KeHIH kepcereni. Laura
Lobato sxone 6ackanapsl [12] seprreyinme SummerLight 6imim Gepy *o00acel cunaTTanras, 3epTTey
aBTOpJIApbl (PU3UKAHBI OKBITYJA YJIKEH MaHbBI3Fa M€ JKOHE OUTIM allylIblIapra MHTEPAKTUBTI KOHE
MPAKTUKAIBIK TOCUT apKbUIbl KYpAeNl YFhIMIApAbl TYCIHYre MYMKIHAIK O€peTiH ONTHKAIBIK
HKCIIEPUMEHTTEP/II €PEKIIEIICTeH.

Opebuerrepre *acajaFaH Taj/ay Heri3iHJe TOJKBIHIBIK ONTHKa OOMBIHIIA OLTIM aTyIIbUIapIbIH
OLTIM IEHreliH apTThIPYFa KeJieCl TOCUIAEP BIKIMAJ €TEeTIH/IIT OOJIKAHIbI:

1. TonKbIHIBIK ONTHKA OOMBIHIIA JOCTYPJIl SKCIEPUMEHTTI KYILIEHTY JKoHe KEeTUIAIpY.

2. 3epTXaHAJIBIK XYMBICTBl OpBIHIAY OapbICHIHIAa KOMITBIOTEPIIIK OaraapiaManapabl KOJIaHy
apKBLIbI TONKBIHABIK ONTHKA OOMBIHIIA OKY 9KCTIEPUMEHTTEPIH KETUIIIPY.

3epTTey HOTIKENEepl eJley NN MEH JepeKTepli ©eHJAeYy TUIMIUIIIH apTThIpy YLIIH
KOMITBIOTEPIIIK TEXHOJOTHSIHBI KOJNIAHYABIH OpPBIHABUIBIFBIH pacTaiiael aen kytinai. CoHpaii-ak,
KOMITBIOTEPITIK OaFmapiamMmanap sl KoJIIaHy MaTepHaIbl CAaHAJbl TYPAE HTEPYTe bIKIA €Te OTHIPHIIL,
O111iM amymbUTapAbIH (PU3UKaFa JeTeH KbI3bIFYIIBUIBIFBIH apTTHIPA/IbI e O0KAHIbI.

3epTTeyniH MaHbI3IBIIBIFBI KOMITBIOTEPITIK TEXHOIOTUSIIAPABI OKY IPOIIECiHE MHTETPALUSIIAY IbIH
ONIICTEMECIH XKETLlipyMeH OallIaHbICTHI.

3eprTey dicHaMachl

3epTTey MaKcaThIHA KETY YIIH I9CTYPIIl 9ICTEP MEH KOMITBIOTEPITIK TEXHOJOTHUTAP b KOJITaHa
OTBIPBIN, €Ki Ke3eHre OOIHreH SKCIEePUMEHTTIK TOCUT KOJNIAHBUIABL bipiHIm ke3eHzae OiiniM
anymbuiap 9KpaHaa HplOTOH cakuHamapelH Oakbulan, HMHTEPPEPEHLIUSIIBIK CaKUHAJIap/IbIH
paanyCTapblH TIpKEIl >KOHE TOMEHJIE KOpCeTUIreH ecentey QopMylalapblH KOJJAaHA OTHIPHIT
JIUH3aHBIH KUCHIKTHIK PAJINYCBIH ecenTe/li. HhI0TOH caKkWHaNIapbhlH OaKplUIayFa apHaJFaH KOHIIBIPFHI
1-cyperTe KOpceTiireH.
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Cypem 1. Hotomonu cakunanapvin 6aKbiiayea apHaieaH KOHObIPbl

XKapeik ke31 — Kyar ke3i Oap, €Ki KOHAEHCOpJbl chiHanm Jamna. KonaeHcop Hemece
KapBIKTaHABIPYILBI TMH3a HbIOTOH cakuHaIapbIH alyFa apHaJIFaH KOH/BIPFbI MEH ChIHAIl IIAMBIHBIH
apachelHa OpHATHUIA B JKUHAFBIII JIMH3a KOMETIMEH CBETO(DMIBTPI Oap YCTaFblll apKbLIbl SKpaHFa
CaKMHAJIapbIH >KOHE MWUIMMETPJIIK ©JIlIey LIKATAChIHbIH YJIKEHTIIreH KeCKiHl MpOeKIHsIIaHa bl
OKpaH ONTHUKAJIBIK ycTenne JuH3anan 40 cM KambIKThIKTa opHanackaH. Llkamaney Oernik KyHbI 1
MM. HbI0TOH cakuHasapbIH OaKbliay ©TKIHII KapbhIKTa KY3€re achlpbLIabl.

Byt KOHIBIPFBIIA TYHICY HYKTECIHEH ' KAIIBIKTHIKTAFbl aya CaHbUIAYBIHBIH KaJIBIHIABIFB d + Ad
Oosazipl, TIMH3a MEH IUIACTUHKAHBIH TYHicyl ujean emec. Erep inH3a MeH IUIacTHHKA apachIH/Ia IaH
OemmexTepi Oosca Ad mamackl OH MOHTE W€, JIMH3aHBIH TUTACTHHKAFa TYCIPETIH KOFaphl KbICHIMBI
XKarjgaiibinga Tepic MoHre ue Oonanbl. CoHbIMEH, MHTEp(EpEHIUSIIAHATRIH COyJIeNep KYPICIHIH
ONTUKAJIBIK albIPMACHI:

A= 2(d + Ad)

R?=71%2+ (R —d)? r? = 2Rd — d? caiikec, ce6ebi d? « 2Rd,r?> = 2Rd,r = V2Rd
r? r?
A=2<—+Ad>= + 2Ad

Kapanrs! cakuna yirin A= (2m — 1) %, SIFHU

€Kl 9pTYpJIi CaKHajap YLIiH
™ _ A
E i ZAd —_ (Zm 1) 5 _ T‘rzn_r‘rzL
A(m—n)

7 A
4+ 2Ad =(2n—-1)=
2R 2
Ecenrteynep yurin anbiarad GopMyiaHbl Keleciiel jka3albIK:

(rm - Tn)(rm + rn)

R=—Tm—mn

MOHOXpOMaTTBI JKapBIKTBIH )\, TOJIKBIH Y3bIHABIFBIH 6iﬂe OTBIPBIIT KOHC KOHABIPTbIIarbl
(rm—1n) (rm+17)

CaKMHAJIapAblH pPAaAUyCTapbIH OJIIICII R = A(m—n)

(hopMynacelH KOJJAHBIN JHH3aHBIH R

KHUCBIKTBIK PaJINYCBHIH €cenTeyre 00abl.
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(rm - rn) (rm + rn)

A= R(m —n)

©pHeT1 OeJNT111 KUCBHIKTHIK paauyc OOMBIHINA TOJKBIH Y3BIHBIFBIH aHBIKTayFa MYMKIHJIIK Oepe/i.

Hepextepai Tannay ymin MS Excel kectenik nporeccopbl maiaanaHbuIIbl, Oy 9pTYpIli TOIKBIH
Y3BIHBIKTAPHI YIIIH HHTEPGEPEHIUSIBIK CAKMHA PAANYChIHBIH PETTIK HOMIpPIe TOYEIUIIK Tpadurin
ChI3YFa; TPEHH CBI3BIFBIH KYPY (YHKIHUSACHIH KOJJaHA OTBIPBIN, 3KCICPUMEHTTIK JEpPEKTEepi
anmpoKCcUMaNusiIayFa MyMKIHAIK Oep/ii. bysr ke3eHie KOMIBIOTEPIIIK OaFaapiaMaiap ecenrey MeH
AHAJMTHUKAIIBIK TPOIECTEP/i JKEHUIETe OTBIPHIN, JEPEeKTEpi OHAeY MEH BH3YyallM3auusiay YIIiH
KOJITAHBUIABI. EKIHIII Ke3eHIe OSKCIEPUMEHT KOMIIBIOTEPre KallFaHFaH JKapbhlK JaTYHTiHIH
KOMETIMEH TOJBIKTHIPbUIABI. HBIOTOH cakuHamapbl OaKbUIaHFAaH »dKpaH - AapaKallbIKTHIKKa
OalIaHBICTBl JKAPBIKTBIH KAPKBIHABUIBIFBIH TIPKEWTIH JATYMKIICH aybICTHIPBULABI. AJIBIHFaH
MOJIIMETTEp OJIIIeyJIep Il aBTOMATTAHABIPYFa )KOHE OJIAP/IbIH AJIITIH apTTHIPYFa MyMKIHIIK OepeTin
OarmapiiamMalibIK KacaKTaMaHbIH KOMETIMEH OHJIEI/I.

3eprTey HOTHKETEPi

Onrtukana 3epTTeneTiH KyObUIbICTap ayKbIMBI YHEMI KEHEHIN OTHIPabl XKOHE iC KY31HIE ONTHKA
Heri3ri (U3MKaIbIK Ke3KapacTap MEH KaHAJIBIKTap/blH, KONTEreH iprefi 3epTTeylepaiH AaMyblHa
YJIKeH ocep ereni. DPU3MKaHBI OKBITYAa ONTHKAIBIK KYOBUIBICTAPMbI, OINTHKA 3aHIapbIHBIH
KOJIJAHBULYBIH 3€pTTey OUIIM amylIbUIap/AbIH KapaTbUIBICTAaHY JAYHHETAHBIMBIH, OICHAMAJbIK
OUTIMIH KaJbIITACTHIPYAQ, OJAPIBIH JIOTHUKAIBIK JKOHE TEOPHUSIIBIK OWJIAybIH, TOJUTEXHUKATBIK
OUTIMIH JaMbITy/1a YIIKEH MaHbI3Fa ue.

OxpITy TOKiprOeci KepceTKeHAeH, O1TiM aTyIIbIIapAbIH TOJKBIHABIK ONTHKA HETi3epiH 3epTTeyi
MEH KaObUIaybl ONTHKANBIK YFBIMIAPIBIH a0CTPaKTIIIrIMEH, >KapbhlK KAaCHETTEpiHIH Kapama-
KaWIBUIBIFBIMEH, KBAaHTTHIK 3€PTTEY OOBEKTIJIEPiHIH KOPHEKUIITIHIH a3/IbIFBIMEH; OKBITYIIBUIAPIBIH
aybI3la OKBITY OJICIH HEri3ri 9Mic peTiHAe KOJJaHybIMEH; TaOWFU HSKCHEPUMEHTTIH IIeKTeYIIl
MYMKIHJIKTEpIMEH OalJlaHBICTBl ONTHUKAaHbl 3€pPTTEY TMPOLECIH DSKCHEPUMEHTTIK KOJIJayAblH
KETKUTIKCI3IINIMEH TYCIHAIpUIeTiH OipKaTtap KMbIHJBIKTaApMEH Oipre >kypeai; TaOUFru SKCIEpUMEHT
oplaiibiM KepHeki Oosia Oepmeii »koHe KeOiHece camaibl curarka ue. MyHbIH 0opi OuTiM
QIyIIBUIAPABIH ~ TOJMKBIHABIK ONTHKAa OOWBIHIIA HEri3ri OuTiMaepi MeH JKCHepUMEHTTIK
JaFbIIApbIHBIH KQXKETT1 JeHTel/ie KaJlbllTaclayblHa anbll Keneal. bitiM anymbuiapaa xapbIKThIH
UHTephEpEeHIMsCHl MEH AU(PaKIUACH], KOTePEHTTUIIK YFBIMBI OHE T.0. CHSKTBI ONTHKAJbIK
KYOBLIBICTAp Typaibl KaXeTTi OLTIM KajibllTaclmaraHABIKTaH, ojlap ajfaH OuliMIepiH (pU3MKaIbIK
KYOBbUIBICTAp bl TYCIHJIIPY/I€ KOJIIaHa alIMaiibl XKoHE HaKThl (PU3UKAJIBIK €CEeNTEep Il HIelIe aTMaiibl.
WNuTtepdepenuss Teopuschl TaOUFaThl OPTYpJl (MEXaHUKAJIbIK, AJIEKTPOMATHUTTIK, KBAaHTTHIK-
TOJIKBIH/IBIK) TOJKBIH/IBIK IPOLIECCTEPIH Kbl (PU3UKAIIBIK TEOPHSICHI OOJIBIN TaObLIa/IbI.

3epTXaHalbIK JKYMBIC €Ki Ke3eHAe OpbIHAanAbl. bipiHinl ke3eHzae OuTIM aiyuibliap SKpaHzaa
HpioToH cakuHanapblH Oakbliam, CaKWHANAPJbIH pajnycTapblH JKa3blll, ecentey (opmynanapblH
KOJIJTaHa OTBIPBIT, JIMH3AHBIH KHUCBIKTHIK PaJWyCHIH aHBIKTAIbl. AJIBIHFAH CaHJBIK JIEepPeKTepIi
naiianana OTBIPBHIN, OUTIM amymibuIap MHTEP(HEPEHIUSIIBIK CaKMHATIAPABIH PAJUYChIHBIH OpTYpIIi
TOJIKBIH Y3BIHIBIKTApBl YIIIH PETTIK HOMIpre TOYENAUIriH rpapuKke caijbl, OyJ TanchlpMaHbI
opeiHaay ymin MS Excel kecrenik mpoueccopsl MaiganaHbULIbl. DKCIEPUMEHTTIK JepeKTepi
KYBIKTay TpauKTe TPEHJ CHI3BIFBIH KYpPY apKbUIBI JKy3ere achlpbuibl. JKyMbICc HOTIOKENepi 2-
cyperre kepcerinreH. Ty3ynepaiH KenOeymiri OOWbIHIIA OUTIM adyIIbulap JIMH3AaHBIH KHUCBIKTHIK
pannuyChiH aHBIKTAIbI.
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250,00
y = 36,452« - 5,7184
R2=0,9861
y =33,793x - 11,373
200,00 s R2=0,9806
=32,409x - 11,914
R2=0,9796
o 150,00
= e
=
IS
< 100,00 578 nm
@ 436 nm
50,00 s ® 546 nm
0,00 ®
0 1 2 3 4 5 6 7

Cypem 2. Opmypai moaKbiH Y36IHObIKMAPbl YWiH UHMEPDEPEHYUSATBIK, CAKUHA PAOUYCIAPBIHbIY
pemmik Homepee mayenoiniei

DKCHepUMEHTTEePIH eKiHIII Ke3eHiHAe OUTIM anymbliap 3KpaHIbl KOMIIBIOTEpre KOCBUIFaH
KApBIK JaTYUTIMEH aybICTHIPABI. YIIIHII - OECIHII CypeTTepe aJIbIHFaH HOTHKENIEp KOPCETIITEeH.

3-cypeTTe KapbIKThUIBIKTBIH apaKaIIbIKThIKKa TOYEIAUIITT KOpCeTAreH (TOJKbIH Y3bIHABIFE 436 HM
YILIiH).

Cypem 3. JKapbikmbliblKmol apakaublKmulKKa mayenoiniei (moakbii Y3uiHoviebl 436 nm)

4-cyperTe TONKBIH Y3BIHABIFBI S46HM JKapblK VIIH JKapbIKTBUIBIKTBIH apaKalIbIKTHIKKA
TOYEeNJILIIrT KOPCETIITeH.
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Cypem 4. JKapwvikmoliblKmbly apakaublKmulkKa mayenoiniei (Mmoaksin Y3uinoviesl 546 um)

5-cypeTTe KaphIKThUIBIKTHIH apaKallbIKTHIKKA TOYEJILIITT KOPCETIAreH (TONKBIH Y3bIHABIFBI 578
HM YIIIiH).

Cypem 5. JKapvlkmulablkmvly apakaubiKmelKKa mayenoinici (moaKbiH y3ulHobiebl 578 HM)

3epTXaHalbIK JKYMBICTBI OpBIHAAYAa OChl KE3€HJEpAl KOJAaHy OLIiM allylIbUIap/AblH >KapbIK
uHTepepeHIHsICbIMEH OailianblcThl HBIOTOH caknHaNapbIHbIH Maiiia 601ybl KYOBUIBICHIH TEPEHIPEK
TYCIHYyiHE FaHa eMec, 3aMaHayy aKNapaTThIK TEXHOJIOTHsIIApIbl KOJIaHa OTBIPHIN, IKCIEPUMEHTTIK
JepeKTep/Il OHIey KoHe Tallfay 9ICTepiH Urepyine MyMKiHaiK 6epai. bys ockl 3epTTeyiH FhUIBIMU
MAaHBI3ABUIBIFEIH alKBIHIAHIbI.

Juckyccus

OnTuKaHbl OKBITY MPOLECIH KETUINIPY, O13/11H OHBIMBI3ILIA, KOMIIBIOTEPIIIK TEXHOJIOTHIAp/IbI
KOJiZJaHA OTBIPBIN, OSKCHEPUMEHTTIK KOJJAyAbl IKETULAIPY apKbUIBl KamMTaMachl3 eTiel.
KomnbroTepnik Mozenbaeyl KOoJJaHy HAaKThl KOPIHETIH (U3UKAIBIK MPOLECTepAiH FaHa eMec,
COHBIMEH KaTap TiKeJiel OakplIay YIIH KOJI KEeTIM/I1 eMec KYObLIbICTapIbIH KOPHEK] TMHAMUKAIIBIK
WLTIOCTPALMUTIAPbIH jKacayFa MYMKIHJIK Oepesi. Byit oKy pu3ukanbik SKCrIepUMEeHTTEPIH KYPrizyae
YKOHE OPTYPJIl €CeNTEPl MENTye YIAKSH IAIKTI KaMTaMachl3 eTe/l.
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3aMaHayn KOMIBIOTEPIIK 3KCIIEPUMEHTTEp KOMEKII alOJbIKIeH Oipre apTypii mporectepmi
JKOFaphl JICHrehje 3epTTeyre MyMKiHIiK Oepexi. OnTuKaHbl OKBITYJAa OCHIHIAH KOMITBIOTEPIIIK
o/icTep/Ii KOJIJIaHy HAKTBI SKCTICPUMEHTTED JKYprizyre OaiIaHbICTBI MOCETENIep Il )KEHYT€ MYMKIH/IIK
Oepeil )KOHE THUIM/II OKBITY MYMKIH/ITIH TYABIpaAbl. bysr OimiM amymbuiapIibiH TYJIFAIbIK 1aMybIHA
XKOHE jkaHa OuTiM Oepy MIHAETTEPiH KOIOFa JKOHE IICNIyre, COHBIH IMIHAC MOJCIbIIK HAesIap bl
KaJIBINITACTBIPYFa, aKIapaTTHIK )KOHE KOMMYHHUKATHBTIK JaFAblIap/bl JaMBITYFa BIKIIA STEII.

OnTtuka ©3iHIH JKOFaphl  TaHBIMIBIK  KYH/IBUIBIFBIHA, ONTHKAJBIK  KYOBUIBICTAPIBIH
IMAJICKTUKAChIHA JKOHE JKapbIK Typajibl Kas3ipri TYXKBIPBIMIAPIABIH OAICHAMAIIBIK CHIIAThIHA
OailTaHpICTHI PU3HKAIBIK O11IM Oepye epekiie opbiH anaabl. OJ COHTai-aK MaHbBI3IbI KOJITaHOAIIbI
MOHI€ He€ OHE FBUIBIMU-TEXHHKAJIBIK Mporpecte miemymi pen arkapaabl. JKapblK imiMiHIH
apTBHIHIAFBl UesIap Kasipri (M3MKaHBIH AaMYBIMEH THIFbI3 OalIaHBICTHI, COHBIH IMIIHJE >KapbIK
KBITAM/IBIFBIHBIH WHBAPUAHTTHUIBIFBl MEH IICKTUIIr, COYJIENCHYIIH TUCKPETTI TaOWFaThl JKOHE
aTOMIApPJIbIH JKAPBIKTBI CIHIpYl JXOHE MeEKTenTeri (pu3uKa KypChIHJA OKBITHLIATBHIH JKAPBIKTHIH
KOPITYCKYJIAJBIK-TOJKBIH/IBIK KACUETTEPI.

HploTOH cakMHaapbIMeH ToXipuOe jxkacay - Oysl MHTep(EPECHIUSHBIH O/IeMi KOHE MaHBI3JIbI
kepiHnici. Kommprorepi maiiganan0aii sKypri3ijeTiH 0Chl 3epTXaHAIBIK JKYMBIC OLTIM aTyIIbUIapIbIH
KOIIUIrHE KAaKChl TAaHBIC. DKCIEPUMEHTTI OpBIHIAAY Ke3iHJe OUIM anlylibliap KOMIBIOTEPl
JepeKTepAl JKUHAY KOHE TaJJlay KYpabl PeTiHIE TMaimanaHabl. DKCIEPUMEHTTEp Ke3iHae OiLTiM
anymbuiap nepudepusuiblK akmapar ilnHae agacnaid, uHTepdepeHIusubIK 3G deKTiiepaiH MOHIH
TyciHyre Hazap aynapabl. COHbIMEH Karap, KOMITBIOTEp JIMH3aHBIH KUCHIKTBIK PaauyChIH aHBIKTAY
VIIH J¢ KOJJAaHbULabl. JlepekTep OarmapiaMaliblK jkacaKTaMaja jKacaraH HOTHXKEJICpMEH Oipre
SKpaHFa MIBIFAPBUIIHL.

KopsIThIHABI

HeroTOH cakuHanapbl apKblIbl XKapbIKTIH HHTEP(EPEHIUSACHIH OaKblIayFa OarbITTaIFaH 3epTTey
HOTIDKECIH/IE KAPBIKTHIH TaOUFAThl Typajibl TEOPUSUIBIK )KOHE JKCIIEPHUMEHTTIK JEpEeKTepIi Tanaay
YIIIH KOMITBIOTEP/I KOJIaHy MYMKIHJITIH CHUIATTAaHThIH MaHBI3/bl FHUIBIMU TY)KBIpbIMJApFa KOJ
KETKIZUII.

XKacanraH SKCHEPUMEHT HOTHXKEJepl *KapblK HMHTEPHEPEHLMACHIHBIH TEOPUSIIBIK MOJAETIMEH
coiikec kenal. CakuHa paJuycTapblH €JIIIEY JKOHE 9PTYPJIl TOJKbIH Y3BIHABIKTAaphl YiIiH HbroToH
CaKUHAJIAPBIHBIH PAJUYCBIHBIH PETTIK HOMIpre TOYeNIUTK TpaduriH Chi3y - TOJKBIH Y3bIHBIFBI
CHUSIKTHI TapaMEeTP/IiH e3repyl HHTepPEepEeHLUAIIBIK KOPIHICKE Kajlall acep eTeTiHIH KepceTTl. TpeH.
rpaduri HeTi3iHIe JIMH3aHBIH KHCBHIKTHIK paJUyChlH aHBIKTay OJKCHEPUMEHTTIK JepeKTepaiH
TEOPHSUTBIK OOJKaMIapFa COUKECTITIH pacTaibl.

DOKCIEpUMEHTTIH EKIHII Ke3eHIH/e SKpaHIbl 3aMaHayH *KapblK JaTUUTIMEH aybICTBIPY - ©JIIey
JONIITIH  €dYylp apTThIpAbL.  OPTYpJl TOJKBIH  Y3BIHABIKTAphl  YLIIH  KapbIKTBUIBIKTHIH
apaKaIIbIKThIKKA TOYENIITIr TaHIalFaH SKCIEPUMEHTTIK SJICTIH CEHIMIUITIH pacTail OTBIPHII,
UHTEPPEPEHIUSHBIH TEOPUSIIBIK MOIEIBEPIMEH KOFaphl YHIECIMIIIIKTI KOPCETTI.

DKcIepUMEHTTIK Jepektepi eHzaey yuiiH MS Excel kectenik mpoueccopblH KOJJaHy, COHBIH
1II1H/Ie TPEH] ChI3bIFbI apKbUIBI IEPEKTEP/Il J)KYBIKTAY HOTHKEIEpAl Tajiay MeH BU3yalu3auusiayaa
KOFapbl THIMAUTIKTI KOpceTTi. byl ylIkeH keneMeri 1epeKkTep/ii eHaeyre FaHa eMec, COHbIMEH Karap
AKCIIEPUMEHT HOTIKENEPIH JANIpeK KYbIKTayFa >KOHE TYCIHAIpYre MYMKIHIIK OepeTiH FbUIBIMU
Tanjaay Kypajibl peTiHJIe aKIMapaTThIK TEXHOJIOTUSIIAPAbl KOJAaHY IbIH MaHbI3IbUIBIFBIH pacTaii/ibl.

3eprTey HOTIKeENepi (U3MKAaHBI OKBITYy/la 3aMaHAyW TEXHOJIOTHSUIAD MEH SKCIEPUMEHTTIK
KOHJIBIPFBUIAP/Ibl KOJJAHY/BIH MPAKTUKAIBIK MaHBI3AbUIBIFBIH KepceTeai. HbIOTOH cakuHaIapbl
KAPBIKTBUTBIFBIHBIH apaKaIIbIKTHIK TICH JKapBIKTBIH TOJIKBIH Y3BIHABIFBIHA TOYEJIITIIri OObIHIIA
aJIbIHFaH HOTHXKeJIep, COHai-aK JKapblK JaTYUri MEH OaFaapiiaMaliblK KaMTaMachl3 €TyMEeH KYMBIC
Toxipudeci, onTuka MeH (OTOHUKA cajachlHAAFbl OOJAIIaKTaFbl FHUIBIMHU 3€pPTTEYNep YILUIH Heri3
001yl MYMKIH.
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byn 3eprreyni Kazakcran PecnyOnukacel FruibiM jkoHE KOFaphl O171iM MUHHUCTPIITIHIH FhUTbIM
koMuteTi Kapkputanasipansl (JKTH AP22683901 AknapatTelk OuTiM Oepy OpTachl >KaraalbIHIA
YKYMBIC ICTeY YIIiH Ooyamak Gpu3nka MyFaTiMIEpiH Aaspiay/ibl )KeTUIIIPY)
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THE EFFECTS OF SEMANTIC WEB-BASED LEARNING:
AN EDUCATIONAL PARADIGM SHIFT

Abstract

The purpose of this study isto explore theimpact of Semantic Web-Based Learning (SWBL) on education,
with a focus on its potentia to enhance learning outcomes, foster collaboration, and promote individualized
learning. As a transformative technology, the Semantic Web has the capability to revolutionize education by
creating more interactive, engaging, and personalized learning experiences. The introduction of SWBL has
brought significant changes to the educational landscape, shifting away from traditional methodol ogiestoward
more sophisticated, interconnected learning environments. This study provides a comprehensive analysis of
the innovations, challenges, and future prospects associated with integrating semantic technologies into web-
based learning platforms. We begin with a historical overview of SWBL's development, tracing its evolution
and highlighting its departure from static content distribution to more dynamic and interactive educational
experiences. Particular attention is given to the integration of artificial intelligence (Al) and virtual reality
(VR), which are key innovations driving improved learning experiences within SWBL environments. The
study also addresses the major challenges in SWBL implementation, including concerns around data privacy,
standardization, and equitable access. Overcoming these challenges is essential for the successful integration
of SWBL into mainstream education. Additionally, the importance of interdisciplinary collaboration,
gamification strategies, and real-world case studies is emphasized in understanding and leveraging SWBL's
full potential. Ethical considerations are interwoven throughout the analysis, underscoring the responsible use
of technology and the development of digital citizenship. In conclusion, this study provides a detailed
examination of SWBL's past, present, and future, contributing to the ongoing discourse on educational
technology. By navigating the challenges and embracing innovations, SWBL emerges as a critical force in
shaping the future of education. This review aims to inspire future research, stimulate informed discussion,
and support educators and policymakers in fully harnessing the benefits of SWBL for learners in the digita
age.
Keywor ds: Semantic Web, Web-based L earning, Education, Personalized Learning, Collaboration.

b. Amanraii', P.K. Ycken6aesa®
1Ka3axcKkuif HAIIMOHAIBHBINA UCCIIeIOBATEILCKUH TeXHUUECKHUIT ynuBepcuteT umenu K.M.Cartnaesa,
r.Anmatsl, Ka3zaxcran
IDODPEKTHBI CEMAHTHUYECKOI'O BEB-OBYUEHMUS::
CJIBUT OBPA3OBATEJIbHOM MMAPAAUTI'MBbI

Annomauyust

Llenp naHHOTO HCCIIEIOBAaHUS — U3yYUTh BIMSIHUE 00YyYEHHUsl Ha OCHOBe ceMaHTuieckoi cetn (SWBL) Ha
o0Opa3oBaHHe, COCPEJOTOYMB BHMUMAHHE HA €ro IMOTCHIMAJC JUIsS IOBBIIMICHUS PE3yJIbTaTOB OO0ydYeHHUs,
CTUMYJIUPOBAHUS COTPYAHMYECTBA W TPOABIKCHHUS WHIAUBUAyaTU3UpOBAHHOTO 0OydeHms. Kak
PEBOIIIOIIMOHHAS ~ TEXHOJIOTHsI, CEMaHTHYecKas CeThb O00JIaJjaeT CIIOCOOHOCTBIO TPaHCPOPMHUPOBATH
oOpa3oBaHue, Jienas y4eOHBI Tporiece 00siee MHTEPAKTUBHBIM, YBIIEKATEIbHBIM U TIEPCOHATU3UPOBAHHBIM.
Beenenne SWBL mpuBHecno 3Ha4yHMTEeNbHBIE W3MEHEHUSI B 00pa3oBaTeNbHBIA JaHI AT, OTOJBHIras
TPaIUITMOHHBIE METOIUKH Ha 3aIHUH TUTaH U co31aBasi 00Jiee CJI0KHBIC M B3aNMOCBSI3aHHbIC YICOHBIE CPEIBI.
JlanHOE WuCClleOBaHUE TIPEJOCTABISIET BCECTOPOHHUN aHAW3 WHHOBAIUK, MPOOJIEM W IEPCIEKTUB,
CBSI3aHHBIX C MHTETpAIlMEH CEeMaHTHUECKUX TEXHOJOTUU B BeO-oOydaromiue rmiargopMbl. Mbl HaumHAEM C
ncropuueckoro o63opa pasButus SWBL, mpociexuBas ero 5BOJIONHAIO M BBIACHAS €r0 OTXOA OT
CTaTHYECKOTO PACIPOCTPaHEHUS KOHTEHTa B CTOPOHY Ooliee JIMHAMHYHBIX W HWHTEPAKTUBHBIX
oOpa3zoBaresbHbIX TporeccoB. Oco00e BHUMaHUE yIENsIeTCs HHTETPallii HCKYCCTBEHHOTO nHTeieKkTa (Al)
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u BUpTyaibHOU peanbHOCTH (VR), KOTOpBIC SBISIFOTCSI KJIFOUYEBBIMH HHHOBAIMSIMH, YIyYNIAFOIIAMU
obpasoBarenbHBIe Tporiecchl B cpeae SWBL. MccnemoBanne TakKe 3aTparmBacT OCHOBHBIE IPOOJIEMBI
BHeapenus SWBL, Bkitouast BOIpOoCkl KOHMUACHIIMAIBHOCTH JJAHHBIX, CTAHIAPTU3AIMU U PABHOTO JIOCTYIIA.
[Ipeononenue 3TUX mpoOseM KpaiiHe BaKHO AJs ycrenrHoi unrerpannn SWBL B ocHOBHOe 00pa3zoBaHue.
Kpowme Toro, moguepkuBaeTcs BaXKHOCTh MEKTUCIIUIIITHAPHOTO COTPYAHUYECTBA, CTpaTeTuii reiMudukannm
Y peaNbHBIX TPUMEPOB TSI TOHUMAHUS U MaKCHUMAaJIbHOTO MCTONb30BaHus noTeHnuana SWBL. Dtudeckue
ACTMEKTHl TECHO MEPEeIUICTAIOTCS C aHAIU30M, MOJYEPKHUBAsi OTBETCTBEHHOE HCIOJIB30BAHUE TEXHOJOTUN U
pasBuTHe mU(POBOTO TPAKIAHCTBA. B 3aKiliodeHne, 3T0 NCCIIeI0BaHNEe TPEOCTABISIET MOAPOOHBIN aHAIN3
MIPOIIIIOTO, HAacToAIIero u Oyaymiero SWBL, BHOCS BKIIa B IPOIOMIKAIOIINECS JUCKYCCHH O TEXHOJOTHSX B
oOpazoBanuu. [IpeosoneBas TpyaHOCTH M BHeapsis uHHOBanmu, SWBL cTaHOBUTCS KIIFOUEBOW CHIIOW B
(dhopMupoBaHuU OyAyIIero oOpa3oBaHus. ITOT 0030p HAMPABJICH HA BIIOXHOBEHUE OY/YIIUX UCCIICIOBAHUM,
CTUMYJHPOBaHNE HWH(OOPMHUPOBAHHBIX AWCKYCCHH W TOAJEP)KKY IE€JaroroB W TOJUTHKOB B IIOJTHOM
packpbiTiu notennuana SWBL s yuammxcst B iupoByro 3MOXY.

KiroueBbie ciioBa: ceMaHTHYecKash CeTh, ceTeBoe oOOy4yeHHe, oOpa3oBaHHE, MEPCOHATM3MPOBAHHOE
o0OydeHune, COTPyTHUIECTBO.

b. Amanraii', P.K. Ycken6aesal
K. Corbaes arbiHnarsl Kasak yITTBIK TEXHUKAJIBIK 3€PTTEY YHUBEPCUTETI, AnMaThl K., Kazakctan
CEMAHTHUKAUJIBIK BEb HETI'I3BIHAEI'T OKBITY IbIH 9CEPI: BIJIIM BEPY
MHAPAJIMT'MACBIHBIH AYBICYbI

Anoamna

Byn 3eprreyain makcaTsl — Oinmim Oepyre OarpiTTanFan CeMaHTHKAIBIK BeOke Heri3genreH OKBITY/IBIH
(SWBL) acepiH 3epTTey, COHBIH ilIIH/IE OHBIH OKY HOTH)KEJIEPiH )KaKcapTyFa, bIHTBIMAKTACTBIKTHI KYIICHTYTe
JKOHE JKEKEJICHIIIPIITeH OKBITYABI 1repijieTyre oneyeTiH aHblkray. CeMaHTHKaJblK BeO PEBOIIOIMSIIBIK
TEXHOJIOTHS PETIH/IEe OKYIbl MHTEPAKTUBTI, TAPTHIMIBI JKOHE JKEKENEHMIPIIreH eTy apKbuIbl OimiM Oepyai
tyOereiini e3repryre kabinerti. SWBL-n1bIH eHrizinyi 6isimM Oepy canackiHaa MaHBI3AbI ©3repicTepre dKeii,
JOCTYPJIl 9IiICTEMENIEp/ICH alIlaKTaIl, KypJIeii )KoHe e3apa 0ailJIaHbICThI OKBITY OpTachiHA Kapail OarbITTalJIb.
byn 3eprrey BeOke Heri3menreH OKy IUlaTGopManapblHa CEMaHTHKAJIBIK TEXHOJOTUSIIAPIbl EHIi3yre
OaliIaHBICTHl MHHOBAIMSIIAP, MoceJelep KoHe OoJamakTarbl MYMKIHIIKTEp Typalbl JKaH-KaKThl Talaay
xkacaiael. 3eprrey SWBL-IbIH JaMy TapuxbIHA TIOTY JKacaydaH OacTasia b, OHBIH YBOJIIOIUSCHIH Kalaraail,
CTaTHKAJIBIK KOHTEHT TapaTyJaH JWHAMUKAJIBIK JKOHE HMHTEPAaKTHBTI OiliM Oepy TakipuOeciHe aybICyblH
epekure aran eteni. SWBL opranapeiHga oKy ToxipuOeciH jkKakcapTaTblH HETi3rl WHHOBaLMsJIap PeTiHAe
xacaH1bl MHTEIUIEKT (Al) )xoHe BUpTyan sl BIHALIKTEL (VR) OipikTipy epekiie Ha3zapra ajublHalbl. 3epTTey
SWBL-ap1 ky3ere acwelpyJarbl 0acThl MaceJeNepi /e KapacThlpaabl, COHBIH IIIiHAE JAEepeKTep/IiH
KYIUSJIBUIBIFBL, CTAaHIAPTTAY JKOHE TeH KOJ JKETIMIIIIK Macesenepi KaMThlIa bl byll KMBIHIBIKTApAbl KEHY
SWBL-zs1 Heri3ri 011iM Oepy JkyieciHe CoTTi eHri3y yIiiH eTe MaHbI3/1bl. CoHbiMeH KaTap, SWBL-bIH TOJIBIK
olleyeTiH  TYCiHYy JKOHE TaijjaliaHy  YIIIH  TOHApPAIBIK  BIHTBIMAKTACTBIKTBIH, TIeHMUpUKAIHS
CTpaTerusuIapblHbIH JKOHE HAKThl KEMCTepAiH MaHBI3AbUIBIFBI aTal eTijeldi. DTHKa Macelenepi 3eprrey
0apbIChIH/IA YHEMI KapacThIPBUIBIN, TEXHOJIOTHSUIAP/Ib JKayalKepIIUTiKIIeH Maijanany MXoHe IH(PIbIK
a3aMaTTHIKThI KAJIBIITACTBIPY Maceseliepi anFa Koubuiaabl. KopeITeiHIbIIAN Kee, Oy 3epTTey SWBL-1b1H
OTKEeHi, OYTiHi KoHe OOJTalarblH erKe-Ter ke 3epTTer, Oi1iM Oepy TeXHOJIOTHsIapbl OOWBIHIIIA YKYPTi3iin
KaTKaH MiKipranacTapra e3 yieciH Kocaabl. llIpFapMaibuiblk HHHOBALMSIIAPAB! KaObUIAAal OTHIPBIIN JKOHE
KHMBIHIBIKTAp/Ibl KeHe OThIpbill, SWBL Oimim OepyaiH OoJaliarblH KaJabIITACTBIPYAaFbl MaHBI3IbI KYII
peTiHje anFa mbFajpl. by mony Oonamak 3epTreyiepai madbITTaHIbIPhII, MiKipTaacTapra ceprin oepi,
nejarorrap MeH casicaTKepiepre HU(PIbIK AdyipAeri oKywbwiapabiH uririri ymin SWBL-abH TonbIK
QJIEYETIH XKY3€ere achlpyFa KOMEKTECY/ Il MaKcaT eTeIl.

Tyiiin ce3mep: ceMaHTHKaNbIK BeO, MKENUNK OKBITY, OuUTiM Oepy, JepOecTeHIIpUIreH OKBITY,
BIHTBIMAKTACTBHIK.

Main provisions
Semantic Web-Based Learning transforms traditional education by enabling dynamic,
personalized, and interactive learning experiences through advanced technologies such as Al, VR,
and loT. It significantly enhances academic performance, learner engagement, and satisfaction by
adapting to individual needs and providing real-time feedback. Despite its benefits, SWBL faces
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challenges such as the need for robust infrastructure, teacher training, and addressing issues of data
privacy and equitable access. Future research should explore SWBL's application across disciplines
and levels to generalize its impact while fostering gamification, interdisciplinary collaboration, and
ethical innovation for a more inclusive and transformative education system.

Introduction

Semantic Web concept is an expansion of the present web that provides a common foundation for
data sharing and reuse across multiple applications, companies, and communities [1]. The purpose of
this study is to provide a complete analysis of SWBL's complex impact on traditional education
ingtitutions. The incorporation of Semantic Web principles into education holds the promise of
changing pedagogical techniques and generating a more individualized and engaging learning
environment as technology advances [2]. By diving into the complexities of SWBL, we hope to shed
light on its potential contributions to reforming educational methods and addressing learners
increasing demands in the digital age.

Semantic Web-Based Learning (SWBL) represents a major shift in educational paradigms,
indicating a transition away from traditional approaches and toward more sophisticated and
interconnected | earning environments. SWBL isanovel method of web-based |earning that prioritizes
semantic organizing of content to improve the overall learning experience [3]. SWBL transcends the
traditional approach of static materia distribution by leveraging Semantic Web technologies,
encouraging dynamic and interactive educational experiences.

Because of advancementsin ICT, widespread Internet use, and simple access to learning material,
the Web has emerged as a crucial platform for learning. The Web has evolved over time with phases
spanning from a readable Web to an easy-to-use writable and readable Web 2.0. However, the sheer
volume of content published by millions of people every day has made it difficult for students to
discover effective learning items. This content overload creates challenges in accessing relevant
educational resources [1]. To address this issue, the Semantic Web (Web 3.0) was developed as an
extension of the current Web, providing information with well-defined meanings, making content
more accessible and tailored for both users and machines [2].

Initially, the Web was asimple, readable platform where users could share and access information.
However, with the development of Web 2.0, it has become an interactive and collaborative platform
that enhances learning opportunities by making content creation and sharing easier. The document
emphasises the shift towards a Semantic Web (Web 3.0), which integrates more intelligent and
context-aware systems to facilitate learning. This new phase of the Web utilizes technologies like
semantic web-based learning (SWBL), which aims to improve educational experiences by making
them more personalized and effective.

To address this issue, the Semantic Web (Web 3.0) was created, which is an extension of the
current Web that provides information with well-defined meanings. This concept aspires to build a
worldwide database by semantically integrating disparate Web pages and making the content more
intelligible to both machines and people. URI (Uniform Resource Identifier), IRl (Internationalized
Resource Identifier), XML (eXtensible Markup Language), RDF (Resource Definition Framework),
RDFS (RDFS Schema), OWL (Web Ontology Language), SPARQL (Spargl Protocol and RDF
Query Language), Rule, Unifying logic, Proof, Crypto, Trust, and User Interface & Application are
all examples of web standards.

This presentation will examine the historical backdrop of onlinelearning, charting its evolution up
to the current stage molded by Semantic Web principles [4]. This analysis will look at existing
research, with afocus on important theoretical frameworks and studies, to demonstrate the feasibility
and efficacy of SWBL in various educational settings[2]. The goal isto provide useful insightsinto
how the paradigm shift known as SWBL is revolutionizing the area of education by investigating its
impact on student involvement, cooperation, and overall performance outcomes.

Ontologies play a crucia role in the Semantic Web by presenting information, providing search
engines, and offering beneficial qualities for smart systems. Ontologies describe the language and
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relationships inside a domain, including entities, relations, instances, functions, and axioms. This
language specifies which entities will be represented, how they might be grouped, and the
relationships that link them together. M cGuinness proposed five causes for the creation of ontology.

It iscritical for educators and institutions to recognize the transformational potential of SWBL as
they face the difficulties and opportunities it presents. The goa of this review is to improve
understanding by summarizing existing knowledge, identifying gaps in the literature, and
recommending future research areas [2]. The goal isto provide an in-depth analysis of the effects of
SWBL, which will serve as a platform for informed discussions about the future of education in the
face of fast-increasing technology.

Literature Review

The introduction of Semantic Web-Based learning (SWBL) represents a dramatic shift in
educational paradigms, typified by a shift away from traditional approaches and toward more
sophisticated and interconnected learning environments [5]. SWBL isatrailblazing approach to web-
based learning that emphasizes semantic organizing of content to improve the overall learning
experience [6]. SWBL goes beyond the traditional approach of static material delivery by embracing
Semantic Web technol ogies, enabling dynamic and interactive educational experiences.

Early advances in web-based learning opened the path for Semantic Web technologies to evolve
[3]. Semantic Web principles, such as ontologies and linked data, serve as the foundation for SWBL
applications in education. Martinez, C. D., conducted significant research. (2017), aswell as Taylor,
R. K. (2015), emphasize the growing significance of SWBL frameworks and initiatives in
contemporary educational situations. Severa studies [1] have explored how the limitations of Web
2.0 in handling large-scale content prompted the development of SWBL. These works trace the
technological shifts that paved the way for Web 3.0, which offers a more semantically rich and
personalized learning environment.

The Semantic Web principles, such as ontologies and linked data, contribute greatly to the
conceptual framework of SWBL in education [7]. Ontologies are structured representations of
information that aid in the comprehension of relationships between concepts within the learning area.
This organized method improves SWBL's flexibility in various educational environments, enabling
individualized and context-aware |earning experiences. Another key component of the Semantic Web
islinked data, which allows for the seamless integration of educational resources, resulting in amore
integrated and comprehensive learning environment.

SWBL has been found to improve student collaboration and interaction in the setting of learner
engagement. SWBL-facilitated collaborative learning settings encourage knowledge exchange and
co-construction of meaning [4]. The semantic structure of information allows for the production of
knowledge graphs, which fosters a deeper understanding of concept interrel ationships and facilitates
collaborative knowledge-building activities [2].

Furthermore, SWBL has been shown to improve student performance outcomes. Studies have
shown that students who participate in SWBL contexts improve their information retention, critical
thinking skills, and problem-solving ability [8]. SWBL activities interactive and participatory
character adds to a more student-centered | earning experience, encouraging students to take an active
role in their education. As the use of SWBL spreads, study by Martinez, C. D. (2017) as well as
Taylor, R. K. (2015) shed light on the growing significance of SWBL frameworks and activitiesin
modern educational contexts. Martinez, for example, divesinto the practical consequences of SWBL
on collaborative learning, emphasizing how the technology encourages knowledge exchange and
collaboration among students. Taylor's research, on the other hand, focuses on the impact of SWBL
on personadlization, investigating how the technology responds to the various requirements and
preferences of individual learners.

Recent research (e.g., [Chimalakonda & Nori, 2019]) emphasizes the role of web standards like
RDF and SPARQL in creating interoperable educational systems. These standards are foundational
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to SWBL as they allow educational platforms to integrate diverse learning materials into coherent,
semantically organized learning paths.

Furthermore, the literature demonstrates a broader shift in focus, moving away from the strictly
technological features of SWBL and toward a more pedagogically-based investigation. Patel, M. N.
(2014), for example, explores SWBL's congruence with constructivist learning theories, emphasizing
the synergy between SWBL's dynamic and interactive nature and contemporary educational
philosophies that encourage active learner participation and engagement.

Degspite the benefits, there are problems in implementing SWBL, such as issues with data privacy,
standardization, and interoperability. To enable the successful integration of SWBL into mainstream
education, solutionsto these issues must be addressed. Addressing data privacy and security concerns
iscritica to establishing trust in SWBL systems and guaranteeing the ethical use of learner data.

Resear ch methodology

To ensure a thorough evauation of the literature on the influence of Semantic Web-Based
Learning (SWBL) on education, we used a systematic search technique across key academic
databases such as PubMed, IEEE Xplore, and Google Scholar [9]. The inclusion criteria for this
review were carefully specified to guarantee that research that directly contributed to the knowledge
of the influence of Semantic Web-Based Learning (SWBL) on education were chosen. For inclusion,
the following criteria were considered:

— Selected research was required to specifically address the implementation of Semantic Web

technologiesin educational contexts. This criterion assured that the selected literature contributed
directly to the investigation of SWBL's influence on traditional education systems,

— Studies published over the recent decade were judged to preserve currency and relevance. This
time limitation was intended to capture current opinions on the subject, taking into account recent
breakthroughs in Semantic Web technologies and their use in education;

— Exclusion criteria were aso important in refining the selection process and ensuring that the
chosen studies fit with the research objectives. For exclusion, the following criteria were used,;

— Studies that did not directly address the impact of SWBL on learning outcomes were
purposefully removed. This criterion was essential for keeping the focus on the primary study topic
and avoiding theinclusion of literature that did not directly contribute to the investigation of SWBL's
effects,

— To conform to theinclusion requirements, works published more than a decade ago were omitted.
Recognizing the changing nature of technology in education, this decision sought to prioritize
contemporary perspectives and recent developmentsin SWBL.

The selection procedure is intended to capture a targeted and relevant corpus of literature by
adhering to these explicitly stated inclusion and exclusion criteria. This methodological rigor meant
that the studies chosen for review were directly relevant to the investigation of SWBL's impact on
traditional education systems, contributing to the research's robustness and focus.

The data extraction procedure was iterative, including numerous rounds of review and refinement.
This iterative approach enabled the validation and cross-validation of extracted data, ensuring
accuracy and consistency across al trials. The retrieved data were analyzed to detect commonalities,
differences, and underlying themes among the research. The goal of this synthesis process was to
uncover trends in the use of SWBL in education, the diversity of approaches used, and the emergent
results that contributed to the understanding of its impact. Quality assurance measures were
implemented throughout the data extraction process. Regular checks were performed to ensure the
accuracy of the extracted data, and disputes were handled through consensus. Thegoal of thisrigorous
technique was to improve the dependability and validity of the synthesized data.

The thorough data extraction procedure, coordinated by awell-defined framework and carried out
through iterative review cycles, enabled usto collect rich and diverse information from each sel ected
study. This comprehensive approach allowed for a more nuanced understanding of the methodol ogy
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used and the important findings that contributed to the larger investigation of SWBL's impact on
traditional education systems. [10]

A qualitative synthesis of the collected literature revedled similar themes, rising trends, and
differences among the researchers. This process attempted to integrate disparate research, identify
patterns, and provide a nuanced understanding of the complex impact of SWBL on education.
Because of the extensive methodology used in this analysis, we are able to present a nuanced and
well-rounded assessment of the influence of SWBL on traditional education systems, bringing
significant insights to the discourse on the integration of Semantic Web technologies in education.
SWBL increases learner engagement dramatically through interactive and dynamic information
presentation. Personalized learning experiences are created by semantically arranging educational
resources to meet the needs of individual learners. The interconnected structure of Semantic Web
technologies promotes collaboration by enabling seamless knowledge sharing and engagement.
Furthermore, research by Clark, H. L. (2016) found alink between SWBL usage and increased |earner
performance. Ontologies play acrucial rolein the Semantic Web by structuring knowledge, providing
search engines with organized information, and enabling smart systems to make intelligent
inferences. An ontology defines the relationships within a domain, including entities, relations,
instances, functions, and axioms. According to McGuinness (2002), there are five primary reasons
for creating an ontology: (1) to share common understanding of the structure of information among
people or software agents, (2) to enable reuse of domain knowledge, (3) to make domain assumptions
explicit, (4) to separate domain knowledge from the operational knowledge, and (5) to analyze
domain knowledge [11]. These reasons underline the importance of ontologies in enhancing the
interoperability and functionality of web-based |earning platforms.

Results of the study

One of the most noticeable benefits of implementing SWBL in education is an increase in learner
engagement. SWBL platforms dynamic and interactive character captivates learners by providing
knowledge in a more engaging style [10] (Figure 1). Interactive multimedia components, adaptive
material delivery, and individualized learning pathways al contribute to a learning environment that
is not only instructive but also compelling and stimulating for students with avariety of preferences
and learning styles. Educators reported enhanced student engagement and comprehension levels,
while students expressed satisfaction with the personalized learning experiences facilitated by the
system. System updates based on feedback played a crucial role in optimizing user experiences.
Additionally, the paper highlights the importance of continuous platform administration to ensure
smooth operation and effective support for educational objectives.

Reswarchar System Administratar
Conduct Surveys Analyze Data Publish Results Update Learning Tools l Administrate Platform
Educatar Student

Figure 1. Implementing SWBL in education

SWBL ushers in a paradigm change in favor of personaized learning experiences. Educational
platforms that use Semantic Web technology can identify individual learning habits, preferences, and
strengths, personalizing information delivery to the particular needs of each learner [12]. The use of
ontologies and linked data alows for the design of adaptive learning environments, ensuring that
learners receive content that is relevant to their competence levels and learning objectives. SWBL
platforms are critical for facilitating collaboration and knowledge sharing among students. Because
Semantic Web technologies are interconnected, they allow for the seamless integration of
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collaborative tools, discussion forums, and shared resources [13]. This collaborative feature not only
improvesthe social side of learning, but it also fosters afeeling of community and shared knowledge,
which is consistent with contemporary pedagogical techniques that promote collaborative |earning.

Severa studies have found a link between SWBL implementation and improved performance
outcomes. SWBL's individualized and interactive character adds to a deeper understanding and
retention of educational content, which leads to improved academic achievement [14]. SWBL's
adaptation to individual learning styles and the provision of real-time feedback contribute to a
learning environment that promotes better outcomes (Figure 2).

A significant body of research supports the efficacy of SWBL across diverse educational
institutions. For instance, Martinez et a. (2017) demonstrated that SWBL fosters student
collaboration and information retention in higher education settings. Similarly, Taylor (2015) showed
how SWBL adapts to individual learner needs in K-12 environments. While the impacts of SWBL
are generaly good, it is critical to recognize and overcome implementation issues. Data privacy,
standardization, and interoperability are all important factors that must be carefully considered in
order to ensure the ethical and seamless integration of SWBL in educational contexts.

Figure 2. Impacts of SAVBL on Education

Finally, the effects of SWBL on education are diverse, ranging from increased engagement and
tailored learning experiences to promoting collaboration and enhancing overal performance
outcomes. Understanding these implications is critical for informed decision-making and effective
implementation strategies as educational institutions negotiate the incorporation of SWBL.

Discussion

SWBL's future shows promise for continued educational innovation and improvement. Future
study should look into the possibilities of developing technologies like artificial intelligence (Al) and
virtua redlity (VR) to improve SWBL applications.

Integration of Artificial Intelligence (Al):

As Al technologies progress, there will be more opportunities to integrate intelligent systems into
SWBL platforms. Al-driven personalization, adaptive learning agorithms, and intelligent tutoring
systems could all be used in future studies [15]. Al has the capacity to evaluate massive volumes of
learner data in real-time, allowing for more personalized and adaptable |earning experiences that are
tailored to individual requirements and preferences.

Immersive Virtual Reality (VR) Learning:

Virtua reality is a new frontier for SWBL, with the ability to build immersive and interactive
learning environments. Research in this field could concentrate on the creation of VR-enhanced
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SWBL applications that imitate real-world events, giving learners hands-on experiences and
improving recall of complicated concepts [16]. The use of virtua reality (VR) technology has the
potential to transform how educational content is presented, making learning more engaging and
experiential.

Integration of the Semantic Web and the Internet of Things (10T):

The convergence of SWBL and the Internet of Things (10T) opens up new research opportunities.
Future research could look into how semantic information structure can be extended to 10T devices,
resulting in a more interconnected and context-aware learning environment. This integration could
lead to the creation of smart educational settings in which physical and digital elements interact
seamlessly to assist learning activities.

Interactive Learning and Gamification:

Gamification has been shown to increase learner engagement, and its combination with SWBL
opens up new opportunities (Figure 3). Future research should look into how gamified aspects like
challenges, prizes, and interactive simulations can be included in SWBL platforms to make learning
more pleasurable and motivating [17]. To encourage participation and achievement, gamification
tactics could be applied to various educational situations.
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Figure 3. Integration of technological advances into SAVBL platforms

Conclusion

Finally, the Semantic Web-Based learning (SWBL) trajectory shows considerable potential for the
continuous evolution of educational methods. Future research activities stand poised to uncover new
dimensions of innovation as we traverse the difficulties and opportunities posed by SWBL,
particularly in the integration of advanced technologies like artificial intelligence and virtual redlity.
The possihility of tailored learning experiences, immersive educationa environments, and intelligent
systems heralds a new epoch in education. This journey, however, necessitates a coordinated effort
to solve issues such as data protection, standardization, and equal access. Accepting interdisciplinary
partnerships, ethical considerations, and long-term effect assessments will be critical in designing
SWBL implementation that is responsible and inclusive. SWBL has the ability to change learning
paradigms and greatly contribute to the growth of knowledgeable, engaged, and empowered learners
by constantly researching and adapting to the changing landscape of educational technology. SWBL's
future includes a bigger vision that reaches outside the digital sphere, in addition to technological
developments. The combination of SWBL with emerging technology opens the door to more
inclusive and equitable education by breaking down old barriers and reaching learners in varied
circumstances. SWBL becomes a catal yst for encouraging not only academic success but also critical
thinking, creativity, and flexibility as we explore the potential of gamification, interactive learning,
and cross-disciplinary partnerships. Furthermore, the ethical issues woven into future SWBL research
emphasize the significance of responsible technology use, ensuring that educational innovations
correspond with societal values and positively contribute to digital citizenship. The continuing
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research of SWBL in the ever-changing landscape of education creates possibilities to reimagine the
role of educators, learners, and technology in crafting a future where knowledge acquisition is not
just efficient but also transformative and powerful.

Semantic Web-Based Learning (SWBL) significantly improves learning achievements and
satisfaction among pre-service teachersin ICT courses compared to traditional teaching methods. It
can be highlighted that SWBL facilitates apersonalized and interactive learning environment that can
adapt to individual learning needs, which is a substantial advancement over more generic teaching
approaches. SWBL not only supports better academic performance but aso enhances learner
engagement and satisfaction, suggesting that it effectively addresses both cognitive and motivational
aspects of learning. Despite its benefits, the adoption of SWBL poses challenges, including the need
for robust technol ogical infrastructure and the necessity for teachersto acquire new pedagogical skills
suited to technology-rich environments. It can be recommended that further researchers explore
SWBL's impact across different disciplines and educational levels to generalize the findings. It is
important to integrate new technologies in education thoughtfully and purposefully, ensuring that
they contribute to meaningful learning experiences.
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JUATHOCTHYECKASA MOJAEJIb 'OTOBHOCTH YYUTEJIAA HHOOPMATHUKH K
HCIOJb30BAHUIO TEXHOJIOT U BU3YAJIN3AIIAN

Annomayus

B wuccrnenoBanum paspaboTaHa IUHAarHOCTHYECKAs MOJENb TOTOBHOCTH Yy4HTENeH HWH()OPMAaTHKH K
UCTIONIb30BAHMIO TEXHOJOTHH BU3yaln3alid B 00pa30BaTEeNbHOM NpakTHKe. Mopenb OXBAaTHIBAaCT TPH
KIIFOYEBbIX KOMIIOHCHTA. HpCI[MCTHI)II\/'I, MCTOILI/I‘IGCKI/II\/'I u praBHeH‘IeCKI/Iﬁ, KOTOpPBIC B3aUMOCBA3AHLBI U
OTIPENENSIOT YPOBEHb NpodeccroHanbHONH MOAroToBKH. [JIsi Ka)KIOTO KOMIIOHEHTa BBIACICHBI YPOBHU
TOTOBHOCTH (HHU3KHM, CPEJHUH, BBICOKHI), YTO MO3BOJSET CHCTEMHO OLICHWBATh KOMIETECHIIUH I€aroros.
HpI/IMCHﬂCM])Ie METOAbI BKIIFOYAOT TeopeTqucxnﬁ aHaJIN3, KPUTCPUAJIbHOC OLICHMBAHNUEC U MAaTCMATUYCCKUEC
pacyeThl 1Jis1 CpaBHEHUA JTUHAMUKH I'OTOBHOCTH y‘IHTCJICﬁ. Pe3yanaTI)I HuccJIea0BaHus JEMOHCTPUPYIOT, UTO
Npe/IOKEHHAsT MOJeNb o0ecreuynBaeT TOYHYIO IHAarHOCTHKY W TOAJCPKKY B COBEPIICHCTBOBAaHHUH
npodeccnoHabHOM MOATOTOBKM MenaroroB. Vcmoip3oBaHME TaHHOM MOIENH CIIOCOOCTBYET Pa3BHTHIO
IU(PPOBON KOMIIETEHTHOCTH U MOBBIIICHUIO 3¢ dekTuBHOCTH 00pa3oBaTenbHOTO mponecca. PazpaboTanHast
cCHCTEeMa OIEHKH 3HAa4nMa JIsi 00pa3oBaTeNIbHOM HAYKH, TaK KaK OHA HHTETPUPYET COBPEMEHHbIE TIOIXO/IBI K
BU3yaJIN3alui U 00y9IeHHIO, CO3/aBasi YCIOBHUS /I aIaNTalliy yIuTelel K TpeOoBaHUAM IH(POBOIT Cpembl.
Mogens nmpeaHa3HavyeHa s MPOBEACHHS OLIEHOYHBIX MPOILEAYp KauecTBa MpodecCHOHaTbHON MOIrOTOBKU
Me/1aroros.

KaioueBble c10Ba: TEXHOJIOTHU BU3YaJIH3alliH, TOTOBHOCTh yUHUTeNeH HHPOPMATUKHU K UCTIOIH30BAHUIO
TEXHOJIOTHH BU3YaJH3alluK, MOJIE)Ib TOTOBHOCTH, TPEXKOMITIOHEHTHAsI MaTPHUIla TOTOBHOCTH.

K.B. Bakpiroexosa® , H.U. [Tak?

! AGaii areiamarsl Kazak WITTHIK TI€/IarOTUKAJIBIK YHUBEPCUTETI, ANMaTH K., Kazakcran
2KpacHOSPCK MEMJIEKETTIK Meaarorukansik yauepeureri. B. I1. Acradnesa, KpacHospek k., Peceit
NH®OPMATUKA MYFTAJIIMAEPIHIH BU3YAJIM3ALIUA TEXHOJIOT'UAJIAPBIH
HAFII{AJIAHYFA I[AFIBIHHBIFBIHBIH JUATHOCTUKAJIBIK MOJIEJII

Anoamna

3eprrey OapbichiHAa HH(OpMAaTHKa MyFaidiMmIepiHiH Oimrim Oepy ToxipuOeciHAe BU3yaIH3aLusIay
TEXHOJIOTHSUIAPBIH  KOJIJaHyFa JalbIHIBIFBIHBIH JHarHOCTHKAJIBIK MOJAENl kacainabl. Mogjens e3apa
0ailJIaHBICTHI )KOHE KOCiOM NalbIH/IBIK JCHIeHIH aHBIKTAMTHIH YIII HETI3r Kypamac 0eJliKTi KaMTHIbI: TIOHIIK,
oflicTeMENIK >KoHEe OacKapylbUIBIK. OpOip KOMIIOHEHT OOWBIHIIA MYFaTiMACPAiIH KY3bIPETTUIIMH >KyHeni
Typae Oaranayra MYMKIHIIK OepeTiH NalbIHIBIK NeHreinepi (TeMeH, opTaiia, OFapbl) aHBIKTAJIBL.
KonjaHpmateiH ojicTepre TEOPHSIIBIK Talliay, KpPHTEpUANIbl Oarajay >XOHE MYFaliMHIH JaHBIHIBIK
JMHAMUKACHIH CaJIBICTBIPY VIIIH MaTeMaTHKaJbIK ecenTeyliep Karajbl. 3epTTey HOTHKeJepl YChIHBUIFaH
MOJIEJIb HAaKTbl JAWATHOCTUKAHBI aHBIKTayFa MYMKIHAIK Oepim, NenarorrapAblH KociOM ailbIHIBIFBIH
apTTHIpYFa KOJJIay KepceTeTiHiH aliKpIHaa bl byt Moaensai naiinanany mu@pIiblk Ky3bIPETTUTIKTI JaMbITyFa
XKOHE OKYy YJCpICIHIH THIMJLIITIH apTThIpyFa BIKINAN eTeli. O3iplieHreH Oaranay KyHeciHiH OutiM Oepy
FBUIBIMBI YILiH MaHBI3BI 30D, OWTKEHI OJ1 BU3YaJIM3allMsl MEH OKBITYABIH 3aMaHayH TICULAEpiH OipikTipy
apKbUIBl MyFalliMiepaiH UUQPIBIK OpTa TajanTapblHa OediMaenyiHe >Kardaidl skacaiinel. Mopenb
MyFaTiMIEP/iH KaCiOM JaibIHABIFBIHBIH CallachlH Oaraiay YPAiCiH )KYpPrizyre apHajFaH.

Tyitin ce3mep: Bu3yaIM3alusi TEXHOJOTHSIIAPH, WHPOPMATHKA MYFAIIMIEPiHIH BH3YyaU3aIys
TEXHOJIOTHSUIAPBIH KOJIaHYFa AaWbIH/BIFbI, JAUBIHABIK MOAET, YIII KOMIOHEHTT] JaibIHABIK MATPULACHL.
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DIAGNOSTIC MODEL OF COMPUTER SCIENCE TEACHER’S READINESSTO USE
VISUALIZATION TECHNOLOGIES

Abstract

The study developed a diagnostic model of computer science teachers' readiness to use visualization
technologies in educational practice. The model covers three key components: subject, methodological and
managerial, which are interconnected and determine the level of professional training. For each component,
readiness levels (low, medium, high) are identified, which allows for a systematic assessment of teachers
competencies. The methods used include theoretical analysis, criteria-based assessment and mathematical
calculations to compare the dynamics of teachers readiness. The results of the study demonstrate that the
proposed model provides accurate diagnostics and support in improving the professional training of teachers.
The use of this model contributes to the development of digital competence and increased efficiency of the
educational process. The developed assessment system is significant for educational science, as it integrates
modern approaches to visualization and learning, creating conditions for teachers to adapt to the requirements
of the digital environment. The model isdesigned to conduct assessment procedures for the quality of teachers
professional training.

Keywords: visualization technologies, computer science teachers' readiness to use visualization
technol ogies, readiness model, three-component readiness matrix

OcHoBHBIE IT0JIOKEHUSA

Axmyanvrocme npobremst u yenw

MeHTanbHOCTh COBPEMEHHOTO NU(POBOTO MOKOJIEHUS B 3HAYUTEIBHON CTeTeH! c(hOPpMUPOBaAHA
SKpAaHHBIM BOCIPUSATHEM BU3yalu3UpoBaHHON MHpopmanuu. [IpobGiema HarisIHOCTH CTaHOBUTCS
aKTyaJbHOH C paclpoCTpaHEHHEM OHJIAWH KypcoB, THOpHIHBIX (opMm oOyueHus. HecmoTps Ha
Pa3BHUBAIOIINN [TOTCHIIMAT TEXHOJIOTUI BU3YyalM3allid, OHU HE BCETJAa MCIOJIb3YIOTCS IeJaroraMmu
s deKTHBHO B yueOHOM Mpoliecce. B 3Toi cBsi3M npecTaBisieT nHTepec GOpMHUPOBATH TOTOBHOCTD
Oyaymiero yuutens HMHQOPMATUKUA K HCIHOJIb30BAHUIO TEXHOJIOIMH BHM3yalM3allud B CBOEH
npodeccuoHanbHON JesATeNbHOCTH. JJis pe3yibTaTUBHOW MOJATOTOBKM I1€1aroroB HeoOXO0IUMO
HaJIM4ue JUArHOCTHMYECKON MOJEIH, KOTOpas IO3BOJIUT ONPENEIUTH YPOBEHb MX T'OTOBHOCTH U
BBISIBUTH HAIIPABJICHMS JJI COBEPILICHCTBOBAHUSI.

Ilens paboTel — pa3paboTaTh AMArHOCTHYECKYIO MOJENIb TOTOBHOCTH OYAYIIEro y4uTelss
MH(OPMATHUKH K MCTIOJIb30BAHUIO TEXHOJIOTUI BU3yallM3allui B yueOHOM IIpoLiecce.

Memoowl u ouckyccus

Hcnons3yercss TEOpETUYECKU METOJ MCCIECIOBAaHUS — aHAJIM3 PA3BUBAIOLIETO IOTECHIMAIA
NEJArornYecKuX TEXHOJIOTMM BH3yalW3aldd B MOJATOTOBKE CTYICHTOB IEAArOTMYECKOro By3a IIO
uHpopmaruke. i MOCTPOEHHs] MOJETH TOTOBHOCTU OyAyIIero yduTens HHPOpPMAaTHKH K
UCIIOJIb30BAaHNI0 TEXHOJOTMH BHU3yalW3allUd IPUBIEKAIOTCS KPUTEPHAIBHBIE MOJEIN OLIEHKH
KauecTBa y4eOHBIX PECYpCOB U MaTEMaTHUECKUE METOJbL. [ KaXkJI0ro KOMIIOHEHTA ONpEeNICHbI
MIOPAJKOBBIC YPOBHU: HU3KHI, CPEIHUN, BBICOKUNA. ITOrOBBIN ypOBEHb TOTOBHOCTH OIIPENEISETCS
10 TOPSAKOBOW MIKaje, oTpakarouiel 27 MOKOMIIOHEHTHBIX COCTOSIHUM M pa3[elIEHHBIX Ha TPH
MHTEpBaJla, COOTBETCTBYIOIUX HU3KOMY, CPEJHEMY U BBICOKOMY ypoBHAM. OnpezneneHsl GopMyIabl
pacuera OOOOIIEHHBIX YPOBHEM T'OTOBHOCTH K MCIIOJIb30BAHMIO TEXHOJIOIMM BHM3yalW3aluu ISl
CpaBHEHMsI TPYII OOYYaIOUIMXCS MEXAYy COOOW M JJIsi BBIABICHUS JTUHAMUKM M3MEHEHUS 3TOU
TOTOBHOCTU BO BPEMEHU JUISI OTAEIbHOU 3aJaHHOW I'PYIIIIHL.

Pezynomamoi

[IpemioskeHa TuarHocTUYecKas MOJENb TOTOBHOCTH OyIymiero ydumrtens WHPOPMATUKUA K
HCIIOJIb30BAHUIO TEXHOJIOTUI BU3yaJIU3alllN, KOTOpPask OIIMPAETCS HA TPEXKOMIIOHEHTHYIO CTPYKTYPY
TOTOBHOCTH (IIPEAMETHBINH, METOIMYECKU, yIipaBieHYecKnui). Kaxiblii KOMIIOHEHT MOJICTTH TaK¥Ke
OLIEHHUBAETCS 110 OPSAKOBBIM YPOBHSAM: HU3KHUM, CPEHUMN, BBICOKHMH. [[7151 OIEHKH UTOrOBOTO YPOBHS
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TOTOBHOCTH OyIymiero yuutens WH(GOpMATHKH pa3paboTaHa TpeXypoBHeBas IIKaia. Taxke
pa3paboTaHbl M TPEUIOKEHBI MPUMEPhl M3MEPUTENBHBIX MPOLEAYp AT KaKIOr0 KOMIIOHEHTA
TOTOBHOCTH B BUJI€ TECTOB, 3aJJaHHH, aHKET, IPOCKTOB.

Buigoout

PazpaGoTtanHas TPEXKOMIOHEHTHAs MOJEIb TOTOBHOCTH OyIyLIero y4yurtenas MHPOPMATHUKU K
UCTIOJIF30BAHUIO TEXHOJIOTHH BH3yaIM3allMM B YYEOHOM IIpoIecce SBISETCS TEXHOJIOTHYHOM,
OJTHO3HAYHOH M 00J1a/1aeT BHICOKOH CTENEHbI0 00BEKTUBHOCTH. MOJETh MOXKET ObITh HCIOJIB30BaHA
IUI IMarHOCTHKH MHOTHX KadecTB IHM(POBOH KOMIIETEHTHOCTH MENarora mpu COOTBETCTBYIOIIEM
1o00pe N3MEPUTETBHBIX MPOLETYD.

Beenenune

CoBpeMeHHOE 00Opa3oBaHUE TpPeOyeT OT MEAAroroB HE TOJIBKO TIYOOKHX MpodhecCHOHATBHBIX
3HaHUH, HO W YMEHHUS HMHTETPUPOBATh TEXHOJOTUM BH3yaJlW3allMM B Yy4eOHBIH Ipolecc.
Busyanuzanuss — 3TO CBEpThIBAHHME MBICIUTENIBHBIX COAEPKaHUN B HaNIAOHBIA 00pa3 mpu
BOCTIPUATHU (PU3NYECKON pealbHOCTH WK a0CTpaKkTHOM nH(popMary. BuzyanusupoBaHHblil 00pa3
MOJKET OBITh PA3BEPHYT U CIYKHUTh ONOPOH aIeKBATHBIX MBICIUTENbHBIX U IPAKTHYECKUX ACHCTBUM.

['oToBHOCTH yuWTeNns MHPOPMATUKKM K MPUMEHEHHMIO TEXHOJOTHHA BHU3yaJH3allMd B CBOEH
poeCCHOHATILHOMN 1eATEbHOCTH MPEJCTABIACT COOON CIIOKHBIA MPOLIECC, KOTOPBIM BKIIIOYAET B
ce0si pa3BUTHE PA3TUYHBIX KOMIETCHIINH, TAKMX KaK 3HaHUE MPEIMETHON 00JIaCTH, METOIUYECKHE
YMEHUS U YIPaBICHYECKHE HABBIKH.

MeHTanbHOCTh COBPEMEHHOTO U(POBOTO MOKOJICHUS B 3HAUYUTEIBHON CTENIEHU c(hOPMUpPOBaHA
9KPAaHHBIM BOCHIPHUSATHEM BU3yalU3UpOBaHHON mH(popmauuu. [IpobGieMa HariIsIHOCTH CTaHOBUTCS
aKTyaJIbHOM C pacrnpocTpaHEHHEM OHJIAWH KypcoB, THOpHIHBIX (opMm oOyueHus. HecmoTpsi Ha
pa3BUBAIOIIMN NOTEHIMAT TEXHOJIOTUH BU3yalu3alluy, OHU HE BCErJa MCIOJb3YIOTCS MeAaroraMu
s dekTHBHO B y4eOHOM mporecce. B 3Toil CBSI3M MPEACTaBIsIET WHTEPEC HCCIICIOBATH MPOIECCHI
(GbopMHpOBaHUS U JAUArHOCTUKH FOTOBHOCTH OYAYIIEro y4uTens MHPOPMATUKU K HUCIOIb30BAHUIO
TEXHOJIOTUH BH3YyaIM3allMd B CBOEH NPOPECCHOHATBHON nesTenbHOCTH. s pe3yabTaTHBHOM
MOJrOTOBKM T1€JJaroroB HEOOXOJUMO HAIWYHe JUAarHOCTUYECKOH MOJenu, KOTopas MO3BOJMT
OIIPEAEIUTh YPOBEHb UX TOTOBHOCTH U BBISIBUTH HAIPaBJIEHUS JJIsl COBEPILIEHCTBOBAHUS.

Ilenp paboTel — pa3paboTaTh AMATHOCTHYECKYIO MOJENb TOTOBHOCTH OYAYILIEro Y4HUTENs
MH(POPMATHUKH K UCTIOIB30BAHUIO TEXHOJIOTHIA BU3YaIH3aI[MH B yUeOHOM Iporiecce.

Metoaomnorust uccjie0BaHUA

Hcnonb3yeTcss TEOpPETUYECKUH METOJ HCCIENOBaHUS — AaHAIU3 PAa3BUBAIOLIETO IMOTEHIMANA
NeJarornyeckux TEXHOJIOIMM BHU3yalM3alMd B MOJAIOTOBKE CTYJEHTOB IIEAAarorM4eckoro By3a IO
uHpopmaruke. [l MOCTPOEHHs] MOJEIU TOTOBHOCTUM OyAyIIEero ydurTens HH(DOpPMAaTHKU K
HCIIOJIb30BAHNI0 TEXHOJOTMM BHU3yalu3allUd MPUBIIEKAIOTCS KPUTEPUAJIBHBIE MOJEIN OLIEHKH
KayecTBa Y4YEOHBIX pECypcoB M MaTeMaTH4yeckue MeToJbl. JIMarHOCTHMKa TOTOBHOCTH K
MCIOJIb30BAHUIO TEXHOJIOTHI BHU3yalIM3allUM TPEJICTABISET COOO Tporecc aHamu3a W OLEHKU
3HAHWU{, HAaBBIKOB, MOTHBAllMM M JMYHOCTHBIX Ka4de€CTB I€Aarora. JTOT IMPOLIECC HAIPaBJICH Ha
BBISIBJICHHE CHJIBHBIX U CJIA0BIX CTOPOH YUHUTEJNs, a TAK)Ke Ha OMpeJesieHNe IyTeH MOBBIILIEHUS €T0
po¢eCCHOHATLHOTO YPOBHA. J[MarHOCTHKA MO3BOJSET HE TONBKO OLIEHUTHh TEKYLIYIO IMOATOTOBKY
nejarora, HO M CO3[aTh YCJIOBHSA Ui ONTHUMAJIbHOIO HCIIOJIb30BAHUS BHU3YyalIM3al[MOHHBIX
TEXHOJIOTUH B  00pa3oBaTeNbHON  JEATENBHOCTH, 4TO JelaeT e€ KIIYEBBIM  ATalloM
npo(eCCHOHATBHOTO pocTa y4yHuTeds WHPOpPMATUKA. [OTOBHOCTH yduTeneld K TPUMEHEHHUIO
BHU3YaJIM3alMOHHBIX TEXHOJIOTUN MOXKHO 0XapaKTepU30BaTh KaK KOMIUIEKCHOE COCTOSIHUE, KOTOPOE
00BEIUHSCT TEOPETHUECKUE 3HAHUS, TIPAKTHYECKHUE YMEHUS, MOTHBAIMIO U JTMYHOCTHBIE KaYeCTBa.
LlenTpasibHas uzest TOTOBHOCTHU 3aKJIIOUaeTCs B CIOCOOHOCTH yuuTelsiss MHYOPMATHKH 3((HEKTUBHO
MCIOJIb30BATh BU3yaIbHbIC HHCTPYMEHTHI [T IOBBIIIEHHS KauyecTBa 00pa30BaTeIbHOO TpoIiecca u
CTUMYJIMPOBAHUS MIO3HABATEIBHON aKTUBHOCTHU yYaIlIUXCSl.
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Oco3HaHue 3HAueHHUsS JAMArHOCTUKH M €€ POJM B MPO(PECCHOHATBHOM pa3BUTHUU IENaroroB
MIO3BOJISIET MEPEUTH K PAaCCMOTPEHHIO KIFOYEBBIX KOMIIOHEHTOB TOTOBHOCTH. DTH KOMIIOHEHTHI,
00beTUHEHHBIE B paMKaxX JHAarHOCTUYECKOH Mojenu, (GOpMHUPYIOT OCHOBY JJIsl aHAJIM3a YPOBHS
MOJrOTOBKM YYHUTEJIEH U HUX CIOCOOHOCTH 3(P(PEKTHBHO BHEAPATh TEXHOJOI'MH BHU3yaJlM3allud B
yueOHBIi mporecc.

O630p numepamypoi

[To ™mHenuto wuccrnenopareneii Sauer, F. wucmoib30BaHHE TEXHOJOTHNA BU3YyalIH3allld B
00pa3oBaTeNbHOM MPOIECCE OTKPBHIBAECT OONBIIME BO3MOXKHOCTU ISl YIYYIIECHHS MOTHBALUU
CTY/IEHTOB, ITOTPY>KEHUS B TEMY, a TAKXKe JUIs IIPEJCTABICHHSI Pe3yJIbTaTOB HAyYHOH AEATelbHOCTH
npernoaaBaTenei u ctyaeHToB [1]. Busyanu3zanus mo3BossieT mpeoOpa3oBaTh CIOXKHBIC JAaHHBIC B
JIOCTYIHBIE 00pa3bl, obierdyas wux Bocnpusatde M aHauu3. OAHAKO YCHEIIHOEe NpUMEHEHHE
TEXHOJIOTUH BU3yalIH3aluu TpeOyeT MpodecCHOHANBbHOM MOATOTOBKU MpErnoiaBaTeneld, KOTopble
JOJKHBl  yMETh aJaNTHpPOBATh BU3yallbHblE HMHCTPYMEHTBI 110/ HOTPEOHOCTH ayAUTOPHH.
HenpaBuiibHOE MCIIOIB30BaHUE BU3YaIbHBIX CPEJICTB MOXKET MPUBECTU K KOTHUTUBHOM IEperpys3ke
WK UcKaxkeHuto uHdopmaruu. Ilcuxonoru u ¢punocodsl Moa4epKUBAIOT Pa3BUBAIOLINI XapakTep
Bu3yanu3anuu. XopH M.u ToMIicoH D. 0TMeuaroT, 4To npeodpazoBaHie HHPOPMAIUH B BU3yaJIbHBIC
o0pa3bl CHOCOOCTBYeT TINTyOOKOMY IOHMMAHHIO, CUCTEMAaTH3allMM 3HAaHUH U CTUMYIHPYET
MBICJIMTENIbHbBIE TPOLECChl OOydarouuxcsi. BusyanbHble CpeacTBa, Takue KaK HWHTEIUIEKT-KapThI,
uHporpapuka, MHTEPaKTUBHBIE TUIAKAThI U CKPAlOUHT, CO3/1al0T MHTETPUPOBAHHYIO Cpely, KOTopas
o0Jier4aeT OCBOCHHUE HOBOTO MaTepuaia [2-6].

[{udpoBas KOMIETEHTHOCTh EJarOroB UrpaeT BaKHYIO POJIb B COBPEMEHHON 00pa30BaTeIbHOM
CHCTEMe, TaK Kak OHa MO3BOJISIET aJallTUPOBATh YUEOHBIH Mporecc K TpedoBaHUSIM U(POBOIL ATTOXH.
PazButne 1uQpoBoil KOMIETEHTHOCTH CBSI3aHO C YMEHHEM MCIIOJIb30BaTh COBPEMEHHBIE
TEXHOJIOTUH, BKJIF0Yasi TEXHOJIOTUH BU3yallU3allui, KOTOPBIE CIOCOOCTBYIOT HE TOJBKO YIYUIIEHHIO
YCBOCHMsI y4€OHOr0 MaTepualla, HO U MOBBIIICHUIO MOTUBALMKM OOydaromuxcs. B 3Tom KoHTekcTe
BaXHO TIOHMMAaTh, KaK MH(pPOBas KOMIETEHTHOCTh CTAHOBHUTCS OCHOBOW Uit 3((HEKTUBHOTO
NPUMEHEHHs BU3yalIM3allMd B 00pa30BaTENbHON MpPaKTUKE, YTO TpeOyeT OT MeJaroroB INTyOOKHX
3HAHWUU U HaBBIKOB UCIIOJI30BAHUSI LIU(PPOBBIX HHCTPYMEHTOB.

[{udpoBas KOMIIETEHTHOCTh paCCMaTPUBAETCS B COBPEMEHHOM Hay4HO! TUTepaType Kak 6a30BbIi
3JIEMEHT TPOQPECCHOHATHHON TOTOBHOCTH TeENarora B YCJIOBHAX LU(POBU3ALMH 00pa30BaHUS.
Cornacno  wmogemun  DigCompEdu, ona BkiIlOWaeT 1IecTh  KJIIOYEBBIX  HAIPaBJICHUM:
npodeccuoHalbHasi BOBJICYCHHOCTb, YIpaBIeHHWE IM(POBBIMH pecypcaMu, IeJarorudeckas
JesTeNbHOCTh, MHOJAEP)KKA W BOBJICYEHHOCTh Yy4YallluXcsd, a TaKkKe pa3BUTHE HUX LUPPOBOH
rpaMoTHOCTH. COBpEMEHHBIE HCCIEI0BAaHUS IMOJYEPKUBAIOT KIIOYEBYIO POJb  LHUQPPOBOI
KOMIIETEHTHOCTH I€JaroroB B yCJIOBHSIX LU poBu3anuu oopazoBanus. [1o MHeHHIO HccnenoBaTenen
I'punieruyk O.0., IBantok [.B., KpaBumna O.€., Mamuupska I.[]., OBuapyk O.B., Copoxo H.B.
¢ poBasi KOMIIETEHTHOCTh OXBAaThIBA€T TAKUE ACHEKThI, KaK YIpaBieHne HU(PPOBBIMU pecypcami,
OpraHM3alnys OHJIAMH-KOMMYHMKAIlMM M HCIIOJIb30BAaHME COBPEMEHHBIX 00pa30BaTENbHbIX
TEXHOJIOTUH I TOCTHXKEHUS TUAaKTHIecKux 1eneid. boponenko nu ®degorona (2021) otMevaroT, 4To
uudpoBasi KOMIIETEHTHOCTb Tiejiarora siBseTcsl pe3yiabTatoM sBosonuu MKT-komnereHTHOCTH M
BKJIIOYAE€T HAaBBIKM yIpaBlieHUs] LHUQPOBBIMM HHCTPYMEHTaMHM, aHalu3a IHUQPPOBBIX CJIEIO0B
VUAIIUXCSl U OpPTaHU3aIllMH MPOEKTHOU JEATENBHOCTH. DTH aCIEKTHl CIIOCOOCTBYIOT aJarTaIliu
nearoros K ugpoBoii 00pa3oBaTeNILHOM Cpe/ie U MOBBIIICHHIO KayecTBa 00ydeHus [7-8].

lexepoexoBa II.T., Kamanosa I'.b., baksiToexoBa X.b. akueHTHpylOT BHUMaHUE Ha
MCMOJIb30BAHUU TEXHOJOIMH BHM3yaln3aluu Kak 3((eKTHBHOro cpeincTBa pa3BUTUS LUPPOBOH
KOMIeTeHTHOCTH. OHM YTBEp)KJal0T, YTO TaKHE€ TEXHOJIOTMU HE TOJIBKO YIIYYIIAIOT YCBOCHHE
y4yeOHOro MaTepuasa, HO M CHOCOOCTBYIOT IEPCOHAIM3ALMU 00pa3oBaTeIbHOrO IpoLecca,
MOTHBHPYS YJalIUXCs K O0Jiee aKTHBHOMY Y4acTHIo B 00ydeHuu [9-10].

Takum  oOpa3zom, 1u¢ppoBasi KOMIETEHTHOCTb CTAHOBHUTCS HEOTHEMJIEMOH  YacThIO
npodecCHOHATBbHON JesTeNbHOCTH Tenarora. EE pasButue dYepe3 o0OyueHHE TEXHOJOTHSIM
BU3yaJlM3allud U JpYyrMe WHHOBAIMOHHBIE IOAXOJbl OOecreyrMBaeT T'OTOBHOCTb Yy4yHTENIeH K
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BBINOJIHEHUIO 337124 U(poBOro odumiectBa W (HOPMHUPOBAHUIO KauyeCTBEHHOW 00pa3oBaTeNbHON
cpenbl. CormacHo wuccnenoBanuto ['omoBumHa M.A., mpodeccruoHalbHass TOTOBHOCTh OYymYIIUX
yuuTeneil ABIseTcs pe3yabTaToM HE TOJNBKO NMPO(EeCcCHOHAIBHOTO O0YYEHHUs, HO M BHYTPEHHEH
MOTHBAIIMM K MEJaroruyeckoil MesTeNIbHOCTH. ABTOpPbI OTMEYalOT, YTO BBICOKMH YPOBEHBb
TOTOBHOCTU JIEMOHCTPUPYIOT JHIb 24,6% BBITYCKHHUKOB, YTO YKa3bIBaeT Ha HEOOXOAMMOCTH
COBEpIICHCTBOBaHUS 00pa30BaTeNIbHBIX IPOrPaMM B MEAATOTHYECKUX BY3aX.

[IpodeccronanbHasi TOTOBHOCTh YYMTENS ONpEIeNsieTcs Kak HWHTErpaTHBHOE KadyecTBo,
BKJIIOYAIOIIEe 3HAHUE, YMEHUS, TNYHOCTHBIE Ka4eCTBA U MOTUBAIUIO, HEOOXOAUMBIE JJIsl YCIICITHON
MeJaroruyeckou AesTeNbHOCTH. DTO MOHATHE OXBAaThIBAET HECKOIBKO KIIFOUEBBIX aCIIEKTOB.

— MomueayuonHo-yeHHOCmHubIlL KOMNOHeHm: WHTEepec K mpodeccuu, MPUHITHE IIEHHOCTEH
MeJarornyeckou NesTeIbHOCTH, CTpeMIIEHUE K PO EeCCHOHaIbHOMY POCTY.

— Kocnumuenwiii komnonenm: 3HaHMS B OOJACTU MENArOrMKH, IICUXOJOTMU W IPEIMETHOU
o0rnacTtu.

—Jluynocmuwiti  komnonenm: TPO(ECCHOHAIbHAS HICHTUYHOCTh, YCTOHYMBOCTH K CTpeEccy,
OpPraHU30BAHHOCTH M SMIIATHSI.

- /lessmenvHocmHbI KOMNOHEHM: IPAKTUYECKHE HAaBBIKU paOOThI, IPUMEHEHHE MHHOBALIMOHHbIX
TEXHOJIOTUH M PEIICHHE TeIarornyeckux 3amad [11].

Ocoboe BHUMaHME yneiseTcs HeoOXOAMMOCTH (HOPMHUPOBAHMS KOMIIETEHIMH B o00jacTu
WCIOJIb30BAaHUs TEXHOJOTHM BH3yalu3allid, KOTOPbIE aKTUBU3HPYIOT KOTHUTHUBHBIE IPOILIECCHI
YUYAIIMXCSl M TOBBIMAIOT JOCTYMHOCTh YydeOHoro wmarepuana Semenog O., Yurchenko A.,
Udovychenko O., Kharchenko ., Kharchenko S.. WccnemoBarenn orMeuaror, dYTO
npodeccuoHambHasi TOTOBHOCTh BKIJIIOYA€T OCO3HAHME 3HAYMMOCTH BU3yalU3allu, 3HaHUE €€
TEOPETUYECKNX OCHOB, YMEHHE pa3pabaThiBaTh BU3YalbHbIE MOJENH U PeIIEKCHIO0 Pe3yIbTaTOB
nestenpHocTH Jloukun C.A., Muuypuna E.C.. Onnako, cornacHo naHHbIM ['onoBumHa M.A., u
COABTOPOB, YPOBEHb MOJATOTOBKH BBITYCKHUKOB IE€JAarOrMuecKUX BY30B B 3TOH o0nactu octaéres
HEIOCTaTOYHBIM, YTO MOMYEPKUBACT HEOOXOAMMOCTh COBEPIICHCTBOBAHUS 0O0pa30BaTEIbHBIX
IpOrpamMM U BHEJPEHHS MPAKTHKO-OPUEHTHPOBAHHBIX O1X010B [12-15].

Y4uThIBast BAXXHOCTH MCIIOJIb30BAaHMS TEXHOJIOTUH BU3YyaTM3allii B 00pa30BaTeIbHON MPAKTHKE,
BO3HHUKAET HEOOXOAMMOCTh YTOYHEHHS IMOHSATHS TOTOBHOCTU YYMTENS HMHPOPMATHKH K UX
MPUMEHEHHIO. DTO IMO3BOJIUT IIy0Ke MOHATH CTPYKTYPY JAHHOT'O SIBIICHHSI ¥ OTIPEICIINTD KITIOUEBbIE
KOMITOHEHTHI, obecrieunBatoniye 3(h(GeKTUBHOCTh HCHOIB30BAHUSI BU3YAJIbHBIX WHCTPYMEHTOB B
o0y4yeHuu. ['0TOBHOCTB yuHTEssI HHPOPMATHKHU K UCTIOIH30BAHUIO TEXHOJIOTHI BH3YAIN3allUN —3TO
JUHAMHYECKOE COCTOSIHHE MPOPECCHOHANbHON  KOMIIETEHIIMH, BKIIIOYAIOIIEE OCO3HAHHE
3HaYMMOCTH BU3YaJIU3aI[H, 3HAHUS TEOPETHUECKUX OCHOB €€ IPUMEHEHHUsI, YMEHHE pa3padbaThiBaTh
U alaliTUpPOBaTh BU3yallbHbIE MOJETN 3HAHHWMA C Y4eTOM IEJarormyeckux 3ajady U MOTpeOHOCTEH
y4almxcsl, a TaKXkKe CocoOHOCTb K peIeKCUBHOM EATENbHOCTH, HAIIPaBIEHHON Ha caMOpa3BUTHE
U ToBblIeHHE OS()PEKTUBHOCTH HCIONB30BaHUS BU3YyaJbHBIX TexHomoruid. Paspabotka
JMarHOCTHMYECKUX MOJIEJIEH, HallpaBJIC€HHBIX HA OLEHKY F'OTOBHOCTH MEIaroroB K HCIOJIb30BAHUIO
TEXHOJIOTUN BHM3yalH3allid, SBISETCS BAaXKHBIM HANpaBJIEHUEM HCCIeOBaHUN B  cdepe
mudpoBuzauu  oopazoBaHus. 1loJOOHBIE MOAETH HCIOJIB3YIOT KPUTEPUATBHBIA IOAXO],
BKJIIOUAIONIUI JIeTaIbHOE OMHUCaHHWe I[I0KaszaTenei, WX CTPYKTYpUPOBAHHE U BHU3YaJIU3aLUIO
pe3yapTaToB. PaccMOTpUM HEKOTOpBIE MOIXOABI K MOCTPOCHUIO M MPHUMEHEHHIO KPUTCPHATHHBIX
MOJIEIIEN.

1. I[ToOx00b1 Kk KpumepuarbHOMy OYeHUBaHuI 8 YUPpPosvix oopazosamenvivix cpedax (Ilak H.N.,
Hopomrenko E.I'., Crenanosa T.A., CeipoMsaTHHKOB A.A.) [16], B 3TOM HCCIeI0BaHUY MTPECTABIICHA
MIPOEKTUBHAS KPUTEPUATbHAS MOJIENIb OIICHKH LU(POBOM 00pa30BaTeIbHOMN CpeIbl, KOTOpask MOXKET
OBITh aJaNTHPOBAHA /I OLIEHKH TOTOBHOCTH MEAAroroB K MPUMEHEHUIO TEXHOJIOTUN BU3Yallu3alluH.
OCHOBHBIE XapaKTEPUCTUKHU MOJIEIIH:

— WCIMOJIb30BAaHUE naApamempos camooyenKu TeJaroroB U dKCnepmHou oyeHku il CO3TaHMs
KOMILJIEKCHOW CHCTEMBI MOHUTOPHHTA,;
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— TpPUMEHEHHE KPHUTEPHAIbHBIX pYOpPUK, COJACpXKAIIUX OMHMCAHUS 3a7ady M  OXHJIAEMbIX
pEe3yNbTaTOB, YTO TO3BOJSET YYUTEIIO OLEHUBATh COOCTBEHHbIE JOCTHXKEHUS M BBISBIISTH
HaIpaBJICHUS JJIS pa3BUTHS;

Mopenb BKIIIOYAeT TPU YPOBHS OLEHKU: HU3KUM, CPEAHUN U BBICOKHI, YTO JAET BO3MOXHOCTH
pPaHKUPOBATh MEAAroroB M OMPEAEISATh IPYMIIbI Ui AajdbHeWero o0yuyeHus. ABTOpbl OTMEUaloT,
YTO HCIONb30BaHHE IUGPOBBIX HHCTPYMEHTOB, TakuMX Kak <« IHaekc. Dopmbl», MO3BOJISET
OIIEpPaTUBHO COOMPATh JAHHBIC U BU3YAJIH3UPOBATH PE3YAbTAThI B BUJIE KJIACTEPHBIX JHArPaMM, YTO
o0JieryaeT ux UHTEPIPETAIMIO U UCTIOIb30BAaHUE B YIIPABICHYECKUX PEIICHUSX.

2. Mooenv «npospaunsiti Awuxy OIS GU3VAIUZAYUU MOHUMOPUHEA 00pA308ameNbHOU cpedbl
(IMax H.U., CrenanoBa T.A., CeipomsitaukoB A.A., Kyynap J1.0.) [17]. Mogenp «mnpo3pauHblit
AIIUK» paccMaTpuUBaeT AMArHOCTUKY uepe3 oO0BbeKTHO-cTpyKTypHble KapThl (OCK), koTopsie
BU3YQJIM3UPYIOT B3aUMOCBSI3M MEXKAY KOMIIOHEHTaMU 00pa30BaTEeIbHON CPE/Ibl U UX KaueCTBEHHBIC
MoKazareiau. B KOHTEKCTe NHWarHOCTUKM TOTOBHOCTH YUYMTENEH K HMCHOJIb30BAHUIO TEXHOJIOTHM
BU3YaJIM3AIlUH KJIIIOUYEBBIMU aCIIEKTaMH SBIISIOTCS:

— MOnoNo2UYecKas UHMepaKmueHoCmy, KOTOpas TMO3BOJISIET IlefaroraM aHajlu3upoBaTh
COCTOSIHUE CBOEH TOTOBHOCTH B JMHAMUKE.

— UCNONIb308AHUE MENIo8bIX Kapm Ui BU3YyalW3alldid YPOBHS DPa3BUTHS KOMIIETEHIUH, YTO
MO3BOJISICT YBHUJIETH C1a0ble ¥ CUIIBHBIE CTOPOHBI.

— OCK cTpyKTYypHpYIOT JaHHBIC CBEPXY BHU3, HAUMWHAsK C 00IeH KapTHHBI (OCHOBHBIC (DYHKITHH)
Y 3aKaHYHBAsl ICTATM3UPOBAHHBIMU KPUTEPHUSIMU (CIIOCOOHOCTH M HAaBBIKH).

[Tono6Hast Mosienb MO3BOJIIET MHTETPUPOBATH OLIEHKY KaK 3HaHHI, TaK U HABBIKOB I1€JJaroros, a
TaKXe BBISBIATH IPOOEIBI B UX MOATOTOBKE.

3. Bonpocno-kpumepuanvhas moodenv Ouacnocmuku [18]. DtoT momxox Oasupyercs Ha
MCTIOJIB30BAaHUU METOJa MUPAaMUABI BOIPOocoB b. MUHTO, KOTOPBIN CTPYKTYPHUPYET TUATHOCTUKY B
BUJE JiepeBa BOIPOCOB, HAMpPABIECHHBIX Ha IOCJIEI0BAaTEIbHOE YTOYHEHHE KOMIIOHEHTOB
rotoBHoctH [19].

OcHOBHBIE OCOOEHHOCTH:

— KpumepuanvHas cmpykmypa: KaxJIblii ypOBEHb JiepeBa BOIIPOCOB OTBEUYAET 3a ONpEACIEHHbIC
aCTIeKThI, TAKME KaK MOTHBAIIHS, KOTHUTHBHBIC U ONEPAIlMOHATBHBIE CTIOCOOHOCTH.

—UCNONb306AHUe OeCKPUNMOPOE. ONHCHIBAIOTCS YPOBHHM TOTOBHOCTH YYHTENS C YKa3aHUEM
KOHKPETHBIX I11aroB JUIsl JOCTHKEHHS BBICOKOTO pe3ynbTara.

OO11re YepThl BCEX paCCMOTPEHHBIX Moerei [16-18]:

1. Kpumepuanvhoiii no0xo0: Kaxaas MoJieJIh OCHOBBIBAETCS HA AETATU3UPOBAHHBIX KPUTEPUSIX U
JIECKPUTITOPAX, KOTOPBIE TMO3BOJISIIOT OOBEKTUBHO OIICHUBATH TOTOBHOCTH TI€JJarOTOB.

2. Buzyanuzayus 0anHbix: NCTIONB30BaHUE TEIJIOBBIX KapT, KIACTEPHBIX MOJIeNEl U rpauecKux
MPEJCTaBICHUN MOBBIMIAET JOCTYITHOCTh PE3YIbTaTOB JHATHOCTHKH.

3. Unmezepayusa yugposvix mexuonocuil: TpUMEHEHUE OOJAYHBIX CEPBUCOB U HHCTPYMEHTOB
aBromaru3anuu (Harmpumep, «SIHmexc. DopMbl») NenaeT JAUATHOCTHKY OoJiee ONEepaTWBHOW H
TOYHOM.

Oco0eHHoCcTH NOIXO10B!

- Mopnenb «Ipo3payHblii SIIKUK» aKIEHTHUPYeT BHUMAHHME HA BHU3yalU3allMd JAaHHBIX 4Yepes
00BEKTHO-CTPYKTYPHBIE KapThl, 4TO YIOOHO IS aHATU3A.

— BomnpocHo-kpuTepuaibHas MOZENb AeNaeT yInop Ha CTPYKTypHUpOBAaHME 3a]ad U TMOKOCTH B
alanTauy KPUTEPHEB.

[IpoekTuBHasi KpuTepuanbHas MOJEIb MpeiaraeT COYeTaHHE CaMOOLEHKH | BHEIIHEU
AKCHEPTHU3bI, YTO MOBBIIIAET JOCTOBEPHOCTh MaHHBIX. PacCMOTpEHHBIE MOIXOABI AEMOHCTPHPYIOT
BO3MOYKHOCTH MX NPUMEHEHHUS K OIEHKE MOTOBHOCTH IEAAaroroB K HCIOJb30BAHUIO TEXHOJIOTMH
Busyanmm3aui. OHU OOBEAMHSAIOT TaKUEe BAXKHBIC ACMEKThl, KaK HCIOJIb30BaHUE IH(PPOBHIX
MHCTPYMEHTOB, BU3yalu3alMs JaHHBIX W CTPYKTYpUPOBAHHME TOKazaTened. OTH MOAXOJIbI
CIIOCOOCTBYIOT OOBEKTHBHON OIICHKE MPO(PECCHOHATHHBIX HABBIKOB IMEIAaroroB M MPEAOCTABISIOT
OCHOBY JJIsl pa3pabOTKU MPOrpaMM UX JadbHEeHIIero ooyuyeHus: u npopecCHOHaIbHOIO Pa3BUTHSI.
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Pe3yabTaThl HCcIe10BaHUS

JIJIs yCIENIHOTO MPUMEHEHHS TEXHOJIOTHI BU3YyaIH3alliK B 00pa30BaTeIbHON MPAKTUKE YIUTEITIO
HCO6XOI[I/IMO O6J'Ia,Z[aTb OHpGI[eJIeHHBIM ypOBHeM T'OTOBHOCTH, KOTOpBIﬁ BKJIIFOYACT HpeI[MeTHBIe
3HAHHS, METOJIMYECKHEC YMEHHS W YIPABJICHYCCKHE HABBIKH. YPOBEHb TOTOBHOCTH MOXET
BapbUPOBATHCS OT HAYAIBHOTO (HU3KOTO), T/IC 3HAHUS M HABBIKU TOJIbKO HAYMHAIOT ()OPMUPOBATHCS,
JI0 BBICOKOTO, IPH KOTOPOM YUYHUTENIh CHCTEMAaTHYECKH M 3(PPEKTUBHO MCIIOIB3YET BHU3YaTU3ALIUIO
JUTSL TOCTHKEHUST 00pa30BaTeIbHBIX IEIeH.

OrneHka ypoBHSI TOTOBHOCTH OCYIIIECTBIISIETCSI HA OCHOBE KOMIUIEKCHOTO aHaln3a KOMIETCHIIUN
negarora. [Ipy 5TOM yYHTBIBAIOTCS HE TOJBKO TCOPETHYCCKUE 3HAHMS, HO U MPAKTUYCCKUE YMCHHS
WHTETPUPOBATh BU3yAIM3alUI0 B Yy4eOHBI TMpolecc, a TakKe CIOCOOHOCTh YIPABIATH
o0pa3oBaTeNbHON JIEATEIBbHOCTBI0O ¢ e€ wucrnojgb3oBaHueM. B Ttabmume 1 mpeacraBieHa
KJIacCU(UKALUS YPOBHEH TOTOBHOCTH C UX XapaKTEPUCTUKAMHU.

Ta6ﬂuua 1. YP06HM 20MOBHOCU Neda202a K UCHOAb308AHUI0 MEXHOIO2Ul suzyaiusayuu

Vmosaes Onucanue
20MOBHOCIU
Husxuil yposens - Ozpanuyennvie 3HAHUSL U HABLIKU 8 001ACTNU NPEOMEMHO020 KOMNOHEHMA.
- Ucnonvzosanue suzyanusayuu HOCUM CROHIMAHHBIL U HECUCMEeMAMUYeCKUlL
xapaxmep.
- Omcymemeue Memoousecko20 U YNpasieH4ecko20 no0xXo008 K GU3YAIU3ayun.
Cpeonuii yposenv | - bazogvle 3HaHUA 0 MEXHOLO2UAX BU3YATUAYUL U UX BOZMONCHOCISIX 6

npeomemuou obnacmu.

- [Ipumenenue gusyanuzayuu 6 pamkax omoenbHulX YpoKos, be3 Memoouieckou
cucmemamu3ayuu.

- Cnabbwiil ynpagneHyecKuti KOMNOHEHM, 3ampyOHAIOWUL OP2AHUZAYUIO YYEOHOU
OesamenbHOCmU ¢ 8U3yanusayuel.

Buvicokuii yposenv | - Venybaennvie snanus 0 603MOANCHOCMAX MEXHONO02ULL BU3YATUZAYUU 6
npeomemuol obnacmu.

- Paspabomka u ycneuwinoe npumererue Memooux, OCHOBAHHbIX HA
BU3YANUZAYUU.

- Dghpexmusnoe ynpasnenue yuebnvim npoyeccom ¢ UCNOnb308aAHUEM
BU3YATILHBIX MEXHONI02UL 0151 OOCMUMNCEHUs 00PA308AMENbHBIX Yelel.

OneHka ypoBHS TOTOBHOCTH YyuHTeNnell WH(GOPMATUKM K HCIOJIB30BAHUIO TEXHOJOTUMN
BHU3YyaJHM3alliy MpEANoyaraeT pa3padOTKy CHUCTEMbl KPUTEPUEB, OXBATHIBAIOLIUX KOTHUTHBHEIE,
oTeparoHaIbHbIe U peICKCUBHO-OPTraHU3aMOHHBIE ACTIEKTHI TPO(ECCUOHATBEHOM e TSIIEHOCTH.
Jlis u3MepeHus YpPOBHSI MOJATOTOBKU OyAyIIMX YYWUTENed MPUMEHSIOTCS METOIbl TECTUPOBAHUS
TEOPETUYCCKUX 3HAHWUW, aHamu3a NOPTHOIMO IEeJArOrHYeCKUX MAaTepHalioB, HAONIOACHHS 3a
MPAKTUYECKUM HCIOJIb30BaHUEM BU3YyalH3allid B Y4eOHOM Ipoliecce, a TaKKe aHKETUPOBAHHUE U
coop oOpaTHOW CBsI3W OT ydamuxcs. KOMIUIEKCHBIM TOAXO0M K JHArHOCTHKE IO3BOJISIET
KJacCU(UIUPOBATh YPOBEHb TOTOBHOCTH TIEIAroroB (HWU3KHW, CPEIHHMU, BBICOKHI), 4TO CO3IaéT
OCHOBY I IICJICHAIIPABJIICHHOTO MPO(ECCHOHAIBHOTO pOCTa M TMOBBIMICHUS d()PeKTHBHOCTH
00pa30BaTeNbHOM 1eATENbHOCTH. /J[uarnocTruueckas Mo/ieJIb TOTOBHOCTH yuHuTeNel nHPOPMATUKU K
WCIIOJIb30BAHUIO TEXHOJIOTHI BU3YaIM3AIMK BKIIFOUAET TPH KIFOUEBBIX KOMIIOHEHTA: IMPEAMETHBIH,
METOAMYECKUH, 1 ynpaBieHdeckuii (Puc.l) DTH KOMIOHEHTHI B3aUMOJICHCTBYIOT APYT C JAPYTOM,
00pa3yst KOMILUIEKCHBIH MPOIIeCC MOATOTOBKH YUUTEIIS K HCITOJIb30BAHHUIO TEXHOJIOTUN BU3YaTU3aIAN
B 00y4EHUHU.

JUIs  Kaxaoro W3 TpeX KIIOYEBBIX KOMIIOHEHTOB — MPEAMETHOTO, METOJUYECKOro |
YIPaBICHUYECKOTO — MPUMEHSIOTCS ONPEJCICHHbIE KPUTEPUM, MOKA3aTeld M METOJbl OIICHKH,
MOJIKPETIJICHHBIE TIPAKTHYSCKUMU TIPUMEPaMH.
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_Bnaz[eHHe HHCTPYMCHTAMU BU3YyaAJIU3alliH,
PCIICBAHTHBIMU MTPEAMETY.

1. ITpenmeTHBII
— —YMenue co3maBaTh BU3yalbHBIE MAaTePHAIBL.

KOMIIOHEHT
|_|Oco3nanue ponu Busyanu3aluy B yIydIIeHUU
y4eOHBIX Pe3yJIbTaTOB.
—I/IHTeraI_[I/Iﬂ BU3YyaJIM3allMHU B IJIAHBI YPOKOB.
Jnarnoctuyeckas MOJIEb
TOTOBHOCTH Y4HUTEJEH
MH(OPMATHKH K 2. Meroaudeckuii| | [Pa3paboTka MHTEpPaKTHBHBIX 3a1aHUil 1
HCIOJIb30BaHUIO KOMIIOHEHT OLICHOYHBIX MaTEePHAJIOB.
TEXHOJIOTUH
BH W3aluu
Syaimsan |_[Mcnonp30BaHuE METOIOB BU3YaJIbHOI'O O0yUCHUS
U1 pa3JIMYHBIX KATErOpUil Y4EHUKOB.

_[[ImanupoBaHKeE 3TANOB yPOKa C UCIOIb30BAHUEM
BHU3yaJU3alu.

| |3. YnpasneHueckuii| | [YipasieHue B3aUMOACHCTBHEM yUCHUKOB C
KOMIIOHEHT BHU3YyaJIbHBIMU MaTepHaIaMH.

| |Onenka a¢ppexTuBHOCTH MPUMEHEHNUS
BU3yAJIN3alNH.

PuCyHOK 1. Komnonenmoi mooenu 20mosHocmu ytmmeﬂeﬁ qubopmamuKu K UCNONb308AHUIO MEXHOJIO2ULL
susyaiuzayuu

- Ilpeomemmnvii komnonenm. llpeaAMeTHBIH KOMIOHEHT BKIIOYAET 3HAHWE YYUTEIEM CBOEH
IPEIMETHOM 00JacTH U CIOCOOHOCTh NPHUMEHATh BU3YATU3ALMIO ISl OOBSACHEHMS CIOXHBIX
KOHIIETIIIMI. YYHUTeNs C BBICOKUM YPOBHEM IMPEIMETHOH TOTOBHOCTH MOTYT 3(PQPEKTHBHO
aZlanTHUPOBAaTh BHU3YaJlbHbIE TEXHOJIOTMU JJIsi YIYYIIEHHs TOHUMAaHUs Y4YEHHKaMH Y4eOHOro
MaTepuaga. ITO MOXET BKIIOYaTh CO3JaHHE HarJIAJHBIX CXEM, rpa)uKoB U JAUArpamm, KOTOpbIE
MOMOTAIOT YYEHUKAaM JIy4Ille YCBOUTh MaTepHall.

Kpumepuu oyenxu

- 3HaHHMe TEOPETUYECKUX OCHOB BU3YalU3aIUH.

- 3HaHMe UHCTPYMEHTOB U TEXHOJIOIUH BU3yaIU3alHH.

Memoowr oyenku u npumepoi

1. Tecmuposanue. YunuTtenb MPOXOIUT TECT, B KOTOPOM IPOBEPSIETCS 3HAHUE MOHATUH, TUIIOB
BU3yalIM3aluil (IuarpamMmbl, cxembl, uH(porpaduka), u mnomyaspHoro [10 (mampumep, Canva,
MindMeister, GeoGebra). IIpumep 3adanus:. "BridepuTe MOIXOISMIIUN HHCTPYMEHT JUISI CO3aHUs
MHTEPaKTUBHOIN MeHTanbHOU KapThl: a) Canva, 6) Excel, 8) MindMeister."

2. AnxemupogaHnue. YUUTENIO 337al0TCS BOIPOCHI O TOM, KaKU€ MHCTPYMEHTBI OH HCIOJIb3YyeT
i 3HaeT. [Ipumep eonpoca: "Kakue mmatdopMbl Bbl IPUMEHSETE JUISL CO3IaHUs BU3YaTU3aInil?
OneHuTte cBO ypoBEHb BIaJeHHs (Ha4albHBIN/CpeaHII/BHICOKHA)."

3. Ilpakxmuueckoe 3adanue. Ilegarory npeyaralor BbIOpaTh BH3yalH3allMOHHBIE HHCTPYMEHTHI
JUIL ONpeNesIEHHON TeMbl ypoka. [lpumep 3aoanus: "llpennoxute MOAXOASIINE BHU3yallbHbIE
AJIEMEHTHI [T ypOKa MaTEMaTUKU O reoMeTpruIecKkux urypax.”

- Memoouueckuu komnonenm. MeTOAMUECKUI KOMIIOHEHT 3aKJIOYAeTCS B YMEHUHU YUUTEIs
pa3pabarbiBaTh METOJUKM W MOAXOAbI K OOYYEHHIO C HCIIOJIb30BaHHUEM BH3yalIH3alHUA. IJTO
BKJIIOYAE€T MHTETPALMI0 BHU3YalbHBIX CPEJICTB B Y4EOHBIH Mpolecc, CO3AaHUE WHTEPaAKTHUBHBIX
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3aJJaHU M aJanTaluio y4eOHbIX MaTepUalIoB Ui WCIOJIb30BaHMSA BH3yaIM3allMU. YUUTENs C
BBICOKUM YPOBHEM METOJMYECKOW MOATOTOBKM MOT'YT CHUCTEMATHUECKH HPHUMEHSTh TEXHOJIOIMH
BU3YaJIM3allUH JUIS TOBBIIEHUS 3(PPEKTUBHOCTH YPOKOB.

Kpumepuu oyenxu

- YMeHue pa3pabarbIiBaTh MaTepHaIIbl C BU3yaJIbHBIMH 3JI€MEHTAMH.

- IlpumeHeHue TeXHONIOTUI BU3yaIu3ally B Ipolecce 00y4deHus.

Memoovl oyenxu u npumepbvi

1. Ananuz yuebnvix mamepuanos. IlpoBepsAroTCs CO3MaHHBIE YUYUTENEM IUIAHBI YPOKOB,
Ipe3eHTanuy, padoune IUcThl, HHGorpaduku. [lpumep: YuuTenb NpeJoCTaBlIseT IPE3EHTAIHIO 110
nH(pOpMAaTHKE, TJe UCIOIb3YIOTCS HHTEPAKTHBHBIE CXEMBbI IUKJIA.

2. Habniwooenue na ypokax. AHamu3upyercs, Kak Y4YMTElIb MCIOJb3YEeT BH3yalM3allUI0 Ha
MPaKTUKEe, HAIPUMEp, IEMOHCTPAIM aHUMAIMK (PU3UYECKHUX MPOIIECCOB HA MHTEPAKTUBHOM JIOCKeE.
IIpumep: Yuurenb 00BbsICHIET KPyrOBOPOT BOJIbI, HCII0JIb3Ys] aHUMALIMOHHBIM POJIMK U IpaMuecKyto
CXEeMy.

3. IIpoexmnoe 3a0anue. Yuutenp pazpadbarbiBaeT y4eOHbII IPOEKT C aKTUBHBIM HUCIIOJI30BAHUEM
BU3yanusauuu. [lpumep saodanus: "Co3naiiTe cCepui0 MHTEPAKTUBHBIX KapTOUEK IJIs W3Y4EHHUS
QITOPUTMOB COPTUPOBKH C UCIOJIb30BaHueM LearningApps.”

- Vnpaenenueckuii komnonenm. YTIpPaBIE€HYECKHII KOMIIOHEHT XapaKTEpHU3yeT CIHOCOOHOCTh
yuuTeNns IUIAHUPOBaTh, OPraHU30BBIBATH M YIPaBIATh 0O0pa30oBaTEeNbHBIM IPOLECCOM C
PUMEHEHHEM TEXHOJIOTHHA BU3yalU3allK. YUuTels, 00Jalalonife pa3BUTHIME YIIPaBICHYECKUMU
HaBbIKAMHU, MOTYT 3((eKTUBHO HCIOJIb30BATh BU3yaIM3allMOHHbIE TEXHOJIOTUU HA Pa3HbIX 3Tarax
ypoKa — OT BBEJCHHA M OOBSICHEHHs HOBOTO MarepHaja 0 3aKpeIUIeHHs M OLEHKH 3HaHUH
y4aIuxcsl.

Kpumepuu oyenxu

- IInaHupoBaHue ypOKOB ¢ BU3yaIU3aL[HEH.
- Opranuzanus paboThl YUEHHUKOB C BU3YaJIbHBIMH HHCTPYMEHTAMH.

Memoovl oyenxu u npumepur:

1. Ananuz naanoe ypoxos. IlpoBepsrorcs yueOHbIE TUIaHBI HA HAIMYHE 3TAIOB, TIE UCIOIB3YETCs
Buszyanuzauus. [lpumep: B 1ulaHe ypoka IO HCTOPUM YUYUTENb YKa3blBaeT MCIOJIb30BaHHE
BPEMEHHBIX JIEHT JUIsI M3YYEHHUs KIIOYEBBIX COOBITUH «VICTOpHUS pa3BUTHS BBIYMCIUTEIBHBIX
TEeXHUKW».

2. Ilpoexmnas OeamenvHocmy yuawjuxcs. OUSHUBACTCS, KaK yYUTEIb PYKOBOIHUT CO3IaHUEM
BU3YaJIbHBIX MaTepUAJIOB yYeHUKaMH. [Ipumep: YUEHUKU MOJ PYKOBOACTBOM I€[arora CO3Jar0T
uHporpadpuky no nHpopMaTHKe.

3. Obpamnas cea3e om yuenurxos. IIpOBOAUTCS ONMPOC, HACKOJIBKO BM3YyaslM3allUsi IOMOTaeT
yUeHHKaM JIy4llle TOHUMaTh MaTepuail. [lpumep gonpoca ons yuenuxos: "Ha ckonpko 6amnos u3 10
BbI OLIEHUBAETE MOJIE3HOCTh I'paKOB U CXeM Ha ypokax?'

Knaccudukanuss ypoBHEW TOTOBHOCTH TIO3BOJISIET BBISIBUTH pa3iHuusi B KOMITETCHIIUSX
[I€/1aroroB, KOTOPbIE MPOSBISIFOTCA B UX CIIOCOOHOCTU MHTErPUPOBATh TEXHOJIOTUU BU3yalU3allluy B
oOpa3zoBaTenbHBId Tpomecc. /[l Oornee AeTanbHOrO aHaimm3a MpeIaracTcs pPaccMOTPETh
TPEXKOMIIOHEHTHYIO MaTpHUIly, KOTOpasi 0TOOpa)kaeT B3aMMOCBSI3b YPOBHS F'OTOBHOCTH I1€JJarOroB C
€ro KJIFOYEBBIMU KOMITOHEHTAMH: MTPEIMETHBIM, METOJANYECKUM U YIIPABICHUECKUM.

B Tabnune 2 mpexacraBieHbl KpUTepUabHbIE MOKA3aTe€IM KOMIIOHEHT FOTOBHOCTH YYHTENS K
WCTIOJB30BAHUIO TEXHOJIOTUH BH3YyaIM3alliH, OTPAXKAIOMIME OCOOCHHOCTH KaXXJIOTO YPOBHS
TOTOBHOCTH B pa3pe3e KIYEBbIX KOMIIOHEHTOB. [locie aHamm3a CTPYKTyphbl TaOMUIBI 2 Ba)KHO
OTMETHTb, YTO Ha OCHOBE IAHHOM MOJENM MOXXHO COPMHPOBATH 0Ojee IeTATM3UPOBAHHYIO
CHCTEMY OLIEHKH, MIO3BOJIIONIYIO YUeCTh HHIUBHIya IbHbIE OCOOCHHOCTH KaX/JI0ro Meaarora.
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Ta@mua 2. YPOGHeGble nokaszameiu KOMNOHERN 2OmMOSHOCMU Y4umelisi unqbopmamwcu

Komnonenm zomosnocmu Yposnu comosnocmu
yuumenst UHGHOpMamuKu Husxuil yposens CpedHuii ypogens Buvicokuii yposens
Ilpeomemmnuiii Heoocmamox Yacmuunoe Cucmemamuueckoe
KOMNOHEHMm SHAHULL U HABLIKOG | UCNONIBL308AHUE npUMeHeHue 8U3yanu3ayuL sl
6 oonacmu BU3VANLHBIX CPEOCME 00BACHEHUS CTIOJNCHLIX MEM,
UCNONBL30BAHUSA 0713 0b6vsACHe s co30aHue coOCmeeHHbIX
BU3YATUIAYUU. OMOENbHLIX MeM. BU3VANILHLIX MAMEPUALO8.
Memoouueckuil Omcymcmsue Hcnonvzosanue Kommnnexcrnoe ucnonvzosanue
KOMNOHeHm npuMeHeHus 8U3YAIUZAYUU HA suzyanuzayuy 8
suzyanu3ayuU 8 OMOENbHLIX DMANAX Memoouueckoli pabome,
Memoouueckoll ypoka. BKIIOYASL UHMEPAKTNUGHDLE
pabome. Mamepuanl.
Ynpasnenueckuii Omcymcmeaue Yemxoe, Ho Cucmemamuueckoe
KOMNOHEHMm NIAHUPOBAHUS anuzooudeckoe ynpasiexue y4eOHviM
UCNONBL30BAHUSA ynpasieHue npoyeccom | npoyeccom c unmezpayuen
BUZYATUAYULU. npUMeHeHUs. BU3VANILHBIX MEXHOA02UIL.
sU3yAIU3AYUL.

ByneM HUCIIOJIB30BATb TpéXKOMHOHeHTHYIO MaTpuny TOTOBHOCTH, KOTOpasad MNPEaAOCTaBIACT
BO3MOXHOCTb OIIMCAaHHA Pa3JIMYHBIX KOM6HHaHHﬁ ypOBHCfI npeaMEeTHOro, MCTOANYCCKOro M

yIpasjeH4yeckoro komrnoneHToB (Tabmnura 3).

Tabnuya 3. TpéxkomMnonenmuas Mampuya 20MOGHOCMY YUUMeENs UHMOPMAMUKU K UCHOLbIOBAHUIO
mexnono2ul susyanuzayuu (27 cocmosiHuil)

Ilpeomemmnuii Memoouueckuii Vupasnenueckuii
Ne Onucanue cocmosuus
KOMNOHEHM KOMNOHEHM KOMNOHEHM

1 Husxuit Huskuu Husxui (Husxuu, Huskuu, Huskuit)

2 Huskuu Husxuit Cpeonuii (Huskuu, Huskuii, Cpeonuii)
3 Huskuii Huskuu Buicoxuii (Huskuu, Huskuii, Buicoxuil)
4 Huszxuil Cpeonuii Huszkuii (Husxuii, Cpeonuui, Huzkuii)
5 Huszxuil Cpeonuii Cpeonuii (Husxuil, Cpeonuui, Cpeonuii)
6 Huszxuil Cpeonuii Buicoxuii (Husxuii, Cpeonuil, Boicokuii)
7 Huskuii Buicoxuu Husxui (Huskuu, Boicokuii, Huszkuii)
8 Huskuu Buicoxuii Cpeonuii (Huskuii, Beicoxuti, Cpeonuii)
9 Huskuii Buicoxuu Buicoxuii (Husxuil, Bvicokuii, Bvicokuil)
10 Cpeonuii Husxuit Huskuu (Cpeonuii, Huskuti, Huskuil)
11 Cpeonuii Huszkuil Cpeonuii (Cpeonuut, Huzxuu, Cpeonuii)
12 Cpeonuii Husxuit Buicoxuu (Cpeonuii, Huskuii, Beicoxuii)
13 Cpeonuii Cpeonuii Huszxuil (Cpeonuii, Cpednuui, Huskuii)
14 Cpeonuii Cpeonuii Cpeonuii (Cpeonuii, Cpeonuii, Cpednuii)
15 Cpeonuil Cpeonuii Buicoxuii (Cpeonuii, Cpeonuii, Bvicokuii)
16 Cpeonuii Buicoxuii Husxuu (Cpeonuii, Boicoxutl, Husxuii)
17 Cpeonuii Buicoxuii Cpeonuil (Cpeonuit, Boicokuu, Cpeonuii)
18 Cpeonuii Buicoxuii Buicoxuii (Cpeonuii, Boicoxuil, Bvicokuil)
19 Buwicoxuii Huskuu Husxuii (Bvicokuu, Huzxuii, Huszkuii)
20 Buicoxuii Husxuu Cpeonuii (Bvicoxuii, Huskuti, Cpeonuil)
21 Buwicoxuii Huskuu Buicoxuii (Bwicoxuil, Husxuil, Bvicokuii)
22 Buicoxuil Cpeonuil Huskuil (Buvicoxuti, Cpeonuui, Huzkuii)
23 Buicokuii Cpeonuii Cpeonuii (Buicoxuui, Cpeonuii, Cpeonuii)
24 Buicoxuil Cpeonuii Buicoxuii (Bovicoxutt, Cpeonuil, Boicokuii)
25 Buwicoxuii Buicoxuu Huskuit (Bwicoxuil, Boicoxuu, Huskuii)
26 Buicoxuii Buicoxuii Cpeonuii (Bwicoxuil, Boicoxuii, Cpednuii)
27 Buicokuii Buicoxuti Buicokuui (Bvicokuui, Boicokuii, Bvicokuti)
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OTOT MHCTPYMEHT MO3BOJISIET HE TOJIBKO IMAarHOCTUPOBATH TEKYLINI ypOBEHb TOTOBHOCTH, HO U
MPEJIOKUTH MEPCOHANM3UPOBAHHBIE PEKOMEHAALNH [Tl AallbHEHIIEro MpoPecCuOHANbHOIO POCTa
yuutens. B tabnune 3 npencraBieHa AeTalu3upOBaHHAas CTPYKTYpa TOTOBHOCTH YUUTEINSA, KOTOpast
OTpakaeT COYETaHWE pA3JIMYHbIX KOMIIOHEHT €ro TOTOBHOCTHU B BHJE TPEXMEPHOIO
MHPOPMAIIMOHHOTO BEKTOpa. B JaHHOM KOHTEKCTE UMEEeM: HpPeOMemHbll KOMNOHEHM,
MemoouyecKuti KOMNOHeHm, ynpasieHueckuti Komnonenm. I1opsaKoBbie 3HaYCHUS STUX KOMIIOHEHT
onpeaenumM kak "Huzkuit", "Cpeannii” win "Beicoknii”.

Tabnuua umeer 27 CTPOK, Kaxk/1asi U3 KOTOPBIX MPEICTABIAET YHUKAIBHYIO0 KOMOMHAIIUIO YPOBHEH
TOTOBHOCTHU yuuTellel HHHOPMaTUKH.

WuTerpupoBanHasl OLEHKAa YpPOBHS TOTOBHOCTH YYHMTENs HMH(DOPMATHKH K HCIOIB30BAHUIO
TEXHOJIOTUI BU3yaJTU3allii OINpeAessieTcs Mo IIKale, KOTOPYI0 MOXHO MOCTPOUTH MO CYMMAapHBIM
BECOBBIM KOX(UIMEHTaM, KOTOpble MPUCBOMM OYEBHIHBIM O0pa3oM: HU3KHMHA =1, cpeaHuii=2,
Bbicokuid =3. Ilpu 3TOM, ecau cymMMapHBIi Bec MH()OPMAITMOHHOTO BEKTOpa COCTaBIIsAET OT 3 110 5,
TO UTOTOBasl OLIEHKA YPOBHS TOTOBHOCTH SIBIISICTCSI HU3KOM, OT 6 10 7 — cpenHeit, oT 8 10 9 — BhICOKOI
(cMm. Tabnuity 4).

Tabauya 4. [llxara umo2osoti oyenKu 20moGHOCHU YUUmeisi UHGOPMAMuKu

Hosuyuu 1-5,7,10,11,13,19 7,9,10,12,14-17,20-23,25 18,24,26,27
Oyenxa HU3KULL cpeonuil BbICOKUIL

Hampumep, ecnm y pecnoHieHTa IMOKa3aTeNW MPU TECTUPOBAHUU IO BCEM TPEM AacHEeKTaM
TOTOBHOCTH OKA3aJIMCh KaK (HU3KUI, HU3KUH, HU3KUI — MO3ULuUs 1) nin (HU3KUiA, CpeTHUIA, CPpeTHUI
— MO3HITUS 5), TO UTOTOBBIN YPOBEHb TOTOBHOCTH SIBJISIETCSI «<HU3KUM». VITOTOBBII BHICOKHI YPOBEHb
TOTOBHOCTU OYJET y YUUTENS C MOKa3aressMu: (BBICOKHMA, CPEIHHM, BHICOKUN —T03ulust 24) nuin
(BBICOKHIA, BBICOKH, CPEAHMI —TO3ULHs 26).

WNHorpa nosie3HO OLIEHUTH OOIIMK YPOBEHb FOTOBHOCTH LI€JION Ipynmbl 00ydaeMbixX. st aTux
Lesen cieayer NoACUUTaTh KOJIM4ecTBO pecnoHieHToB ¢ HUu3kuM K1, cpennum K2 u Beicokum K3
YPOBHEM TOTOBHOCTH. JIJisi BBIYMCIICHHS HTOTOBOTO PEUTHHTa TPYMIBl YUYUTENEH HCIOJIb3yeM

CleqyoIyo GopMyIy:
Q=3-K1+4-K2+5-K3

[Mpumep pacuéton: Ecmu K1 = 9(uen), K2 = 9(uen), K3 = 3(uen), To UTOrOBBIH peHTHHT OYIET:
Q=3-9+4-9+5-3=27+36+15=78.

JInst cpaBHEHUSI pEHTHHTOB HECKOJIBKUX IPYII M3 Pa3HOTO KOJIMYECTBA MEaroroB 11e1eco00pa3Ho
NPUHITH HOPMUPOBAHHBIN pedTUHT rpymisl (Qnorm):

Qnrm = % ’

rae N = K1+ K2+ K3 — xonuuecTBo yuureneil B rpymnime.

JUia aHanmu3a JMHAMUKM HM3MEHEHHS YpPOBHS TOTOBHOCTH Y4MTeNed MHDOPMATUKH K
MCMOJIb30BAHUIO TEXHOJOTHH BU3yalnU3allii B OJTHOU 3aJJaHHOM rpymme GopMyia HOpPMUPOBAHHOTO
peiiTuHra OyaetT uMeTh BU:

Qnrm =

)
Qmax

rne, Q — WTOTOBBI PEUTHHT, paccUMTaHHBIN MO Qopmyne Bbime, QMax — MaKCHMalTbHBIHI
BO3MOJKHBIN PEHTHHT, KOTOPBII MOXeET ObITh TOCTUTHYT. B anHOM ciydae, Qmax paccuuTbiBaeTcs
WCXOJIsl U3 TIPEIIONI0KEHNS, YTO BCE YUUTEISI UMEIOT BBICOKUN YPOBEHb TOTOBHOCTH

Qmax =3*0+4*0+5* (KL+K2+K3).
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[Tpumep pacuéra HopmupoBanHoro peiitunra. Ecim K1 =9, K2=9,K3 =3, 1o HTOroBsIif peTHHT
Q yxe ObUT paccuMTaH BbIIE, Kak 78. MakcuMallbHO BO3MOXHOE 3HavyeHHe Qmax, eciau Bce 21
YUUTENb UMEIOT 8bICOKULL YPOBEHb 20MO8HOCMU, OYIET PaBHO:

Qmax =5* (9+9+3)=5%21 =105

Torna HOpMUPOBaHHBIN peHTHHT OyeT:
78
Qnrm = _105 =~ 0.743

Takum 00pa3oM, HOPMHPOBAHHBIA PEUTHHT IS JAaHHOW TPYIIBI YYUTEIEH COCTaBISET
npubmu3uTenbHo 0.743, 94TO OKA3bIBAET OTHOCUTENIBHBIN YPOBEHb TOTOBHOCTH YYHUTENEH 1O IIKale
or 0 mo 1.

duckyceus

JUis TOBBIIIEHHs] KayecTBa IOATOTOBKM IIEAAroroB pa3zpaboTaHa AMArHOCTUYECKAs MOJEIb,
KOTOpasi MO3BOJIAET OLICHUTh TEKYLIUN YPOBEHb TOTOBHOCTH Ha OCHOBE KPUTEPHUEB U MOKa3aTeseH,
pacupenenéHHbIX MO0 TPEM  KIIIOYEBBIM  KOMIIOHEHTaM. Mcronb3oBaHHME — CTPYKTYypHOU
TPEXKOMITOHEHTHON MaTpHUIIbl 00eCreYrBaeT CUCTEMHBIN MOIX0 K TUAarHOCTHKE, MO3BOJISISI YUECTh
WH/IMBUyAJIbHBIE OCOOCHHOCTH 00y4aeMbIX U MPEUIOKUTh NEPCOHATM3UPOBAHHBIE CTPATETUN UX
poeccCHoHaNBbHOTO POCTa.

JlmarHocTHuecKasi MOJIENIb TOTOBHOCTH OyIyIIero y4yuTtedss WHPOPMATUKH K HCIOIB30BAHMIO
TEXHOJIOTMI BH3yaJu3allMd OMNHUPAETCS Ha TPEXKOMIIOHEHTHYK CTPYKTYpPY, COCTOAILLYIO H3
IIPEAMETHOIO, METOJMYECKOIO0 M YIPAaBICHYECKOIO KOMIIOHEHTOB. [l KaKooro KOMIIOHEHTa
ONpeeeHbl MOPSAKOBbIE YPOBHU: HU3KHUM, CpPEIHUM, BBICOKMI. MITOroOBBI ypOBEHb TOTOBHOCTH
OTpeNesieTCs MO TMOPSAKOBOM IIKale, OTpaxaromieil 27 TMOKOMIIOHEHTHBIX COCTOSIHUM W
pa3/ieIeHHBIX HAa TPU MHTEPBaJIa, COOTBETCTBYIOIIMX HU3KOMY, CPEIHEMY U BBICOKOMY YPOBHSIM.
Pa3zpa®oTanbl W MpeqIOKEHbl MPUMEPHl U3MEPUTENBHBIX TPOLEAYp Ul KaKJOr0 KOMIIOHEHTa
TOTOBHOCTH B BHJ€ TECTOB, 33JaHUM, aHKeT, MpoekToB. OmnpeneneHsl QOpMyNbl pacuera
0000IIEHHBIX YPOBHEH MOTOBHOCTH K MCIIOJIb30BAHMIO TEXHOJIOTUN BHU3YyalIM3alUH JJIsl CPaBHEHUS
IpymNI o0yJaoumxcs MeKAy co00il U A7 BBIBIECHUS TUHAMUKHM U3MEHEHHUs 3TOM TOTOBHOCTU BO
BPEMEHH IS OTJEIbHOMN 3aJaHHOM TPYIIIIBL.

3aki0ueHne

'oToBHOCTE  yumTeneil HMHPOPMATUKM K HCHOJIB30BAHHUIO TEXHOJIOTMH  BU3yaIM3alUU
MPEJCTaBIseT COOON CIOXHBIA W MHOTOACIIEKTHBIN IMPOIECC, BKIIOYAIONINA B ce0sl PEIMETHBIC
3HAHMSA, METOJAMYECKHE YMEHMS U yIpaBI€HYECKHEe HaBblKU. lIpuMeHeHue TexHONOruu
BU3YaJIM3aIlUN CIIOCOOCTBYET HE TOJIBKO YIIYUYIICHHIO KadecTBa 00pa3oBaTeIbHOTO Mpolecca, HO U
MOBBIIIEHUI0 MOTHUBALUK OyAyIuX yuuTeneld nHOpMaTUKH, Jesas oOyueHue 0oJiee HarjIsiHbIM U
3 PEeKTUBHBIM.

Pa3zpaOoTanHas TpPeXKOMIOHEHTHAs MOJENb FOTOBHOCTH OyIylIero y4yurtenas MHPOPMAaTHUKU K
MCTIOJIB30BAHUIO TEXHOJIOTHI BU3yaJdH3allMd B Y4eOHOM Iporecce SBISETCS TEXHOJIOTUYHOM,
OJTHO3HAYHOH M 00J1a]1a€T BHICOKOM CTENEHBI0 00BEKTUBHOCTH. MOEIh MOXKET ObITh HCIOJIB30BAHA
IUIL MarHOCTHKH MHOTHX KadecTB IM(POBOH KOMIIETEHTHOCTH MENarora mpu COOTBETCTBYIOIIEM
o100pe U3MEPUTENBHBIX MPOLEIYD.
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BIJIIM BEPY IVIAT®OPMACBIHJA TIOKIPUBEI'E BATBITTAJIFAH
TOCIJIAE PYTHON-/JbI OKBITY

Anoamna

Byn 3eprrey Python Tininge Garmapnamanaynbl OKbITY TpolieciH OiniM Oepy miatdopmachkl HeriziHzie
ToKipubere OaFbITTalFaH TOCIIMEH YHBIMIACTBIPYABI KapacTeipaibl. barnmapiamanay —marnpiiapbiH
KaJIBIITACTBIPY YIIIH TEOPHSUIBIK O1TIMII IPaKTHKAMEH YIITACTHIPY ©T€ MaHbI3/bI, ce0ebi Oy cTyIeHTTepre
OKY TIPOIIECiH OEJICCH Il JKoHE THIMII TypJe MeHrepyre MyMKiHaik Oepeni. Python tini — Garnapnamanayapl
yHpeHyre KoJaiibl, KapamaibiM opi KyaTThl Kypai 0ol TaObu1aabl. Kaszipri TaHaa oKy mpoliecinae OimiM
Oepyni nudpranaplpy Macenenepi o3ekTi 0ombIn TabbuTansl. bimiM Oepy camacklH OHTAWIAHABIPY, Callaibl
OKBITYIBI J)KY3€re achIpy O111iM Oepy TraThopMackiH YChIHYFa OaillaHBICTRI. MaKamaHbIH MaKCcaThl - eTiMi3Ieri
JKOFapbl OKY OpBIHIApbIHAAa WH(pOpMAaTHKa MYFaliMIepiH Aaspiay skoHe [T MamanapIKTapbiHAa OuTIM
amymbiiapra Python Ttinminne Oarmaprnamanayabl OKBITY OapbIChIHIA TOHKIpHOENiK OarbITTarbl TICUIAEpi
KoJjaHy, OuTiM any camachlH apTTHIPBIN, KOciOW MarmpUIapblH JaMbITyFa OarbITTanFaH. bimim Oepy
1aThopMackl apKbUIBI OKBITYIBIH OacThl apTHIKIMIBUIBIFEI — OUTIM amylIbUIapAblH ©31HIIK JKYMBIC Kacay
MYMKIHJIT JKOHE OJapAblH OKBITY IpoleciHe OeNCeHIl KAaTbICYHI. [lnardpopma WMHTEPAKTUBTI
TalChIpMaNapbl, KATTBIFYIapAbl, TECTTepAi >KoHe OelHeMa3MyHIBl YCBIHA OTBIPBHIN, CTYICHTTEPIl
MPaKTHKAIBIK TYPFBIIA KYMBIC icTeyre bIHTaNaHabIpaabl. COHBIMEH KaTap, miardopMana KOJJaHbLIATHIH
aBTOMATTHI Oarainay Kyiieci CTyIeHTTep/liH HOTHKENEPiH Te3 apajia TeKCepill, oapra Kepi Oainansic 6epei,
OyJ1 ©3 Keserinne OiiM JeHredin apTThIpyFa KeMekTeceai. bynr Tocinaiy HoTmkeciHae cryaeHTTep Python
TimiHge OarmapraManayablH —HETi3AepiH JKakChl MEHrepeli, COHbIMEH Karap KHBIH opi  Kypueri
TarchlpMaJIap/ibl IICIIyre AaFabulaHaabl. ToxipuOere OarbITTalFaH OKBITY OIICI OKYIIBUIAPIBIH ChIHU
OliJlayblH, IWIBIFApPMAIIBUIBIK KaOiIeTiH JaMbITHIN, OaFjapiamanay cajachlHIarbl KY3ipeTTUTIKTEpiH
apTTBIPAIbI.

Tyiiin ce3mep: mpaktukanblk narapuiap, OBIl, nHTEpakTHBTI 9jic, TachIMaIAayIIbl TallChIpMaap/bl
OpbIHJAY dJ1ici, MHTEPaKTHBTI pecype, Python, Busyanusarop.

K.M. Bepkumbaes! , I'.C. Kan6ap®, A.E. KapeiMcakosa®
MesxaynapoaHblii Ka3axCKO-TYpELKHil YHUBEPCUTET UMEHH XO/0KM AxMena SIcasu,
r.Typkecran, Kazaxcran
2 Eppasuiickuii HalMoHaIbHbI yHUBepcuteT umenn JI.H. I'ymunesa, r.Acrana, Kazaxcran
OBYYEHME PYTHON B IPAKTUKO-OPUEHTUPOBAHHOM INOAXOAE HA
OBPA3OBATEJIbHOM IVIAT®OPME

Annomayust

B manHOM HccreioBaHMM paccMaTpUBAeTCS OpPraHU3aIMs Ipoliecca O0yYeHHs MPOrpaMMHUPOBAHUIO HA
sa3pike Python mpakTHKO-OpHEHTHPOBAaHHBIM CIOCOOOM Ha OCHOBe oOpaszoBareibHOM minardopmbl. s
(opMHpOBaHUsI HABBIKOB TPOrPAMMHPOBAHHMA OYEHb BA)XKHO COYETAHHWE TEOPETHUECKUX 3HAHUHM C
MPaKTUIECKUMH, TaK KakK 3TO MO3BOJIAET CTYJCHTaM aKTUBHO M 3(deKkTnBHO ocBamBaTh y4eOHBIHN IMporiecc.
S3pik Python — 3T0 mpocTON M MONIHBIA HHCTPYMEHT, TTOAXOJSIIUNA Il U3ydeHHs porpaMMHUpoBanus. B
HacToslee BpeMsl B y4eOHOM IMpoLecce aKkTyalbHbl BONPOCH LU(poBU3auuu oO0pa3zoBaHus. ONTHMHU3ALMS
KadecTBa 00pa30BaHMs, peain3alisl Ka4eCTBEHHOTO 00yUeHHSI 3aBHUCSAT OT MPEIOCTABICHHS 00pa30BaTeIbHON
mwiaropmel. llens cTaThU-MOATOTOBKA yuuTeled WHGOPMATHKHA B By3ax CTpaHbl M TNPUMEHEHHE
MPAaKTUYECKUX IOAXOAO0B B 0OydeHHM NpOorpaMMHpoBaHMI0 Ha s3bike Python mns oOywaromuxcs mo IT
CHEeLUAILHOCTSIM, TIOBBILICHHE KayecTBa 00pa30BaHusl U pa3BUTHE NPOQECCHOHAIBLHBIX HABBIKOB. OCHOBHBIM
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MPEUMYIIECTBOM 00yUeHHS Yepe3 00pa3oBaTeNbHYIO IaTGOPMY SBISIETCS BO3MOKHOCTD CAMOCTOSATEEHON
paboThI OOYYArOIIMXCS M UX aKTHBHOE ydacTHe B mporecce oOydenus. [Imarpopma MoTHBUpYET CTYICHTOB
paboTaTh Ha MpaKTUKE, MpeJJlaras HHTEPAKTUBHBIC 3a/laHUs, YIIPAXXHEHUS, TECTH U BUACOMOHTaX. Kpome
TOT0, aBTOMAaTHYECKas CHCTEMa OLEHKH, HCIoJb3yeMas Ha IulaTgopme, OBICTPO MpOBEpsSeT Pe3yibTaThl
yYaIuXcs U JaeT UM 00paTHYIO CBS3b, YTO, B CBOIO OYEpe/b, IOMOTaeT NOBBICHTh YPOBEHb 00pa3oBaHMs. B
pe3ysbTaTe TaKoro IOIX0/1a CTYACHTHI JIydIlle OBJIaIeI0T OCHOBAaMHU IporpaMMupoBanus Ha Python, a Taxoke
MPUBBIKHYT PeLIaTh CIOXHBIC U CIOXKHBIC 3a1a4i. [IpakTHKO-OpUEeHTUPOBAHHBIA METOT 00yUeHHS Pa3BUBAET
KPUTHYECKOE MBIIUICHHE, TBOPYECKHE CIIOCOOHOCTH YYAIIMXCS, TOBBIMIAET UX KOMIICTEHIIMH B OO0JIaCTH
pOrPaMMHUPOBAHHS.

KiroueBblie ciioBa: npaktuyeckue HaBblku, OOIl, HHTEpaKTHBHBIA METOl, CIIOCOO BBIMIOJTHEHUS 3a]ad-
HOCHTeJICH, HHTepaKTUBHBIHA pecypc, Python, Busyanusatop.

K. M. Berkimbayev!, G. S. Kapbar?, A.E. Karymsakova?
1K ozha Akhmet Y assawi international Kazakh-Turkish university, Turkestan, K azakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakstan
LEARNING PYTHON IN A PRACTICE - ORIENTED APPROACH ON AN EDUCATIONAL
PLATFORM

Abstract

This study examines the organization of the learning process of programming in Python in a practice-
oriented way based on an educational platform. For the formation of programming skills, it is very important
to combine theoretical knowledge with practical knowledge, as this allows students to actively and effectively
master the learning process. Python isasimple and powerful tool suitablefor learning programming. Currently,
the issues of digitalization of education are relevant in the educational process. The optimization of the quality
of education and the implementation of quality education depend on the provision of an educational platform.
The purpose of the articleisto train computer science teachersin the country's universities and apply practica
approaches in teaching Python programming to studentsin I T specialties, improve the quality of education and
develop professional skills. The main advantage of learning through an educational platform isthe possibility
of independent work of students and their active participation in the learning process. The platform motivates
students to work in practice by offering interactive assignments, exercises, tests and video editing. In addition,
the automatic assessment system used on the platform quickly checks the results of students and gives them
feedback, which, in turn, helps to improve the level of education. As a result of this approach, students will
better master the basics of Python programming, as well as get used to solving complex and complex tasks.
The practice-oriented teaching method devel ops critical thinking, creative abilities of students, increases their
competence in the field of programming.

Keywords: practical skills, OOP, interactive method, method of performing carrier tasks, interactive
resource, Python, visualizer.

Herisri epexesep

byn 3eprreyain Herisri unescel — Python Tinminae OarmapnaManayasl ToKipuOere OarbITTaiaFaH
TOCLIJE OKBITY/IbI OHTAIaHABIPY. 3epTTey *KyMbIchiHaa «Python-na Garnapiamanaysl ToOKipudere
OarpITTaJIFaH TACUIAC OKBITY» KypChl a3ipieHii skoHe Python timin yiipenyre apHaiaraH Kypc
Ma3MyHbIHa call KypacTbIpbUIFaH BeO-maTGopma (QYHKIMOHANIBIK TYPFBIAA TaHBICTHIPHUIIBL.
3eprrey kymbichl MyxTap Oye3oB atbiHAarel OHTycTik Ka3akcTtaH yHUBEPCHUTETIHIIE JKOHE
O306exani JKonibexoB aTeiHAarsl OHTYCTIK Ka3akcTan megarorukaiblK YHUBEPCUTETIHIH — (pu3HKa-
MaTremMaThKa ¢daxynpreriane otkizunml. CoHpali-ak, Kypc Ma3MyHbl MeH OuriM Oepy
1aT(GOpMaChIHBIH THIMIUIIT MEH MYMKIHAIKTEpl >KYpri3iireH 3epTTey KYMBICHI OapbIChIHIA
TEKCEPLIII.

Kipicne

Kazipri tagma XKOO-ma kocibu mamaHmapabl HaspiiayFa >KOFapbl Tamantap Koubutagel. IT
MaMaHJIapbIH ’KOHE HH(POpMaTHKa NIEAArorTepin naspiayaa KOWbUIaThIH TajnanTap — Oy 6utimM 6epy
KYHWeCIHIe akKMmapaTThlK TEXHOJOTHsUIAp CcallachlHA KATBICTBI OPTYPJI MaMaHABIKTap MeEH
MaMaHJapAbl Jaspiay YpIICIHAE MaHBI3ABl pPOJb aTKapaThlH Macenenep. Kaszipri yakeiTTa
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aKIapaTThIK TEXHOJIOTHUSIIAP XKoHE OaFapiiaManay cajlachl JaMbII KeJle )KaTKaHIBIKTaH, OCBI caiajaa
KociOM MaMaHJap/bl Aaspiay YIIH HaKThl TajlanTap MEH CTaHAapTTap KoWbuiyaa. byn tamanrap
Ka3ipri 3aMaHayd TEXHOJIOTHsJIapFa coiikec OuiM Oepy, MeJarorukaiblK JaFablIapAbl JambITy,
YKOFaphl canaibl OiiM Oepy MpOIEeCiH KaMTaMachl3 €Ty JKOHE OacKka Jla KOeNTEeTreH acleKTuIepl
KamTuabl. A. A. beiinrin mikipiHme, Ka3ipri OutiM Oepy ’kyieciHae CTYICHTTEp TeK TEOPHUSIIBIK
OUTIMMEH IIEKTENN KaJiMaybl KEepeK, OJlap HaKThl eMipJae KOJJaHyFa OOJIATBIH APAKMUKALbIK
dagovliapovl MeHrepyi tric. barmapiamanay TUTIEpiH YHPETY TeK TEOPUSUTBIK KbIPhIHAH FaHA eMecC,
COHBIMEH KaTap IPAaKTUKAJIBIK TYPFbIIAaH J1a MaHbI3/1bl 00J1ybl Kepek [1].

KOO — na Gonamrak MaMaHiapFa skoHe e nHpopMaTuka negarorrepine Python 6arnapnamanay
TLJIIH MEHTepy JSHTeiiH TOKipuOere OarbITTAIFAH TICUIIE OKBITY KQXKETTLIIT1 Ka3ipri 3aMaHFbI OLTiM
Oepy JKyHeciHIH MaHBI3IIbI acleKTiiepiniy O0ipi O6onbin Tabblaabl. Python Tinmi — xapanativiv api
MYCIHIKMI CUHMAKCUCIMEH KOHE KON (DYHKYUOHANObIebIMeH €PEKINeTICHEe 1, OV OHbI OKBITY YIIiH
ere THimMAai ertemi. bomamak IT mMamanmaper MeH neparorrep yiriH Python TuUTiH OKBITYABIH
ToXipuOere OarbITTAIFAH TOCUTIH KOJAaHy OipHenIe ceOenTepMeH MaHbI3 IbI:

- Python-mp1 okbITYABIH TOKIpHOETe OAFBITTAIFAH TOCILTI CTYACHTTEPre HAKTHI IPoOIeMaIap bl
ICTY JaFAbUIAPbIH KAJBITACTEIPyFa MYMKIHAIK Oepe/ti.

- Toxipubere OarbITTaIFaH OKBITY OApbICBIH/IA CTYIEHTTEp Oenriii Oip TarncepManapAbl Iy
YIIiH airopuTMIep KYpPBIN, JIOTUKAJBIK ecentepai memexni. byn kabimerrep Python Tinmin
MEHI'epreHHEH KeiiiH 0acka OaFaapiaManay TiepiHe JIe OHAl aybICyFa CeNTIriH TUT13e/1l.

- Python tininge 6armapnamanaynsl TKipuOere OarbITTaIFaH TICUIIE OKBITY/IBIH HOTHXKECIH IE
6onamak IT mamanmapel MeH mefarorrep MpakTUKAJIbIK AaFblIapibsl €pTe MEHrepim, HapbIKTa
0acekere Kab1IeTTi 00JaIbI.

Python TiniH OKbITY OapbIChIHAA HETI31HEH [A9PIC, CEMUHAP JKOHE MPAKTHKANBIK cabakTap
CUSIKTBI JIOCTYPJII OKBITY popMasiapbl KONIaHbUIaAbI, Oipak Kasipri OiuriM Oepy TamanTapbiHa
cyiieHe OThIpbI, onap Python Timinae GarmapramanayablH TOKIpUOENiK OaFBITTaFbl SiCHAMACHIH
3epTTey YIIiH JKETKITIKCI3.

Ocpinaitma, XJKXOO-ubIH annpiaaa 6onamak [T MamangapbiH skoHe e HHPOpMATHKA MYFaliMiH
OCBI TaKbIPBINTHl OKBITYFa JalbIHAAY, OHBI KETKUTIKTI MOHJIK JKOHE OSJICTEMENIK KypajaapMeH
XKaOpIKTay MIHAETI TYP.

3epmmey maxcamul: enimizzeri JKOO — na uHpopmaTika MyFamiMaepid aaspnay xone ne IT
MaMaHAbIKTapbIHaa OlniM amymbuiapasl Python Tinminge Garmapnamanaynbl OKBITYAA TOXKIpHOETiK
OaFpITTaFbl TOCUIII KOJIJAHBII, OUTIM ally IEHIei1H jKaKcapTy, K9C10M J1aFIbUIapbIH JaMBbITY.

3epmmey mindemmepi: Python-na Oarmapmanayabl OKBITYIBIH TokKipuOere OaFbITTalFaH
TOCUTIHIH MozeNiH Kypy; Python Garmapnamanay TiTiH OKBITY/IBIH Ma3MYHBI MEH 9JIICTEPiH aHBIKTAY

3eprTeyain dgicHamachl

3eprrey Kymbichl MyxTap Oye30B aThiHAarbl OHTYCTiK Ka3akcTaH yHUBEPCUTETIHIIE >KOHE
O©36exani JKonibexoB aTeiHAarsl OHTYCTIK Ka3akcTaH megarorukaiblK YHUBEPCUTETIHIH — (pU3HKa-
MaTemaThka (aKyJabTeTIHAE OTKI3UAl. 3epTTey TaKbIpblObIHA OailllaHbICTBI OlpKaTap KemleHIl
TOXKIpUOETIK dJicTep KONIAHBUIABI. ATam aiTcak, MeJaroruKaiblK, MCHUXOJOTHSUIBIK, FHUIBIMU
KYMBICTapFa aHAJIU3 XoHE CUHTe3 jkacay. lllerenmik >koHE OTaHIBIK JKOFaphl OKY OPBIHIAPBIH/IA
Python Ttininne Oarnapinamanay/sl OKBITY SKaFJailbl calbICTBIpMalibl Typae Tainanabl. erenmix
KOHE OTaHJBIK pecypcTapibl MaijanaHy 3epTTey TaKbIPbIObIH TEPEHIPEK 3epTTeyre MYMKIHIIK
Oepai. IlcUXONOTUAIBIK-TIEIaTOTUKAJIBIK, AHBIKTAMANBIK JKOHE QJICTeMeNiK ojeduerrepre
TEOPUSIIBIK TaJAAY JKYprizy; Ou1iM Oepy MpoILeciH MOHUTOPUHITEY; cayalHaMa >KYprizy.

KOO — na Ounim 6epy nporecinae Taxipudere OarbITTaIFaH TOCUIII KOJJIAHBII OKBITY 91iCTepi
TUIMJI €KeHIHe Ke3iMi3 eTim oTblp. Mpeicansl, [apBaps] YHUBEPCHUTETIHIH Mpo(deccopsl,
KOMIIBIOTEPIIIK FBUIBIM CaJIaChIHIAFbl MaMaH >KoHE OarJapiaManayabl OKBITYIBIH 9JlicTeMect
OoiipiHIIIa onemre TaHbIMan negaror J»Bug Manan e3iHiH Oykin omemre TanbiMan CS50(2007)
Kypcbigaa Python Timi oHbIH KapamnaiblM CHHTaKCHCI MEH KYIITI ()yHKITMOHAJIBIFBIHBIH apKAChIH/IA
OacTankpl JIeHreiaeri OarfapiaManaylibliap YIIH ©Te THIMAL TUT OOJNBIT TaOBUIATHIHBIH JKOHE
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CTY/ICHTTEpre NPaKTUKANbIK JIaFablIapAbl, COHIANi-aK aJrOpUTMAEP MEH NepeKTep KYPBUIBIMBIH
TYCiHYml YHpeTyaiH MaHbBAbl ekeHiH kepceredi. OHbiH CS50 kypcel Toxipubere OarbITTaaraH
OKBITY 9[ICIH KOJIJaHA[bl, SFHU CTYAEHTTEp OariapiamManay TUIIepiH YHpEHTeHHEH KeHiH HaKThI
TarcelpMaJiap MEH »o0ajap apKbuIbl aiFaH OuTIMIEpiH KOJIJaHyFa MYMKIHIIK anmaasl [2].
Toxipubere O6arpITTAFAH TOCUIIIH OUTIM canachlHa BIKIAIBI )KOFAPhl €KeHI OapIIbIFBIMBI3Fa OeNTrii.
Opi OKY HPOIECIH OHTaIIaHbIPATHIHBI AHBIK.

Python-na Garmapiamanaynel ToxipuOere OaFbITTalFaH TOCUIAE OKBITY — Oy Oimim Oepy
MPOIECIHIH €H THIMJI 9icTepiHiH Oipi, ©UTKEHI 0N CTYIACHTTEP/IH aJFaH TEOPUSUIBIK OimiMaepiH
HaKTBI OMipJIe KOJIIaHyFa MyMKIiHAIK Oepeii. by Tocinme oKy HeriziHeH ko0anap MEH MPaKTHKAIBIK
TanchIpMaiapra HEri3fenreH, sSFrHM cryaeHtrep Python Timinge Oarnmapnamanay JaFablIapbiH
npakTUKaaa meHAaiapl. Python Tininae Garmapiamanay — Kasipri TaHaa €H TaHBIMAJ JKOHE KEH
KOJIJAaHBUIATBIH Oarfapnamanay Tinaepinin Oipi. Python-HbIH KapamaiibiM CHHTaKCHCI, XKOFaphl
JIEHTeIeT] MYMKIH/IIKTEp1 J)KOHE KONTEreH caja/ia KOJIJIaHbUTYbI OHBI JKaHaJlaH OacTaymibliap YIIiH
e, TOKipuOei OaraapraManibiiap YIIiH J1e oTe bIHFaiisl eresi. Python 1980-kbutaapasiH COHBIHIA
I'suno Ban Poccym (Guido van Rossum) Tapanbsinas a3ipiaeHreH, opi 1991 skplibl anFaii peT MIbIKKaH.
Python Tinmi >koFapbl JAEHTeWsi, WHTEPHPETAIMSIIBIK, AMHAMUKAIBIK THIITEITEH JXOHE OOBEKTIre
6arprrTanrad (OBII) Tin 6onbin TabbuIags! [3].

Python tiniHig epekmenikTepi MEH apTHIKIIBUTBIKTAPHI:

- Xenin cunrtakcuc: Python-HbIH CHUHTaKcHCi aliKbIH XOHE OKyFa OHA, COHJIBIKTAH OHBI
Oarmapiamarnaybl )KaHadaH OacTaraHAap YIIiH YHPEHY KUBIH eMec.

- Kpocc-nardopmansix: Python optypuni onepanusisik xyitenepae (Windows, macOS, Linux)
KYMBIC iCTEH anajipl.

- YnkeH craHmapTThl KitamxaHa: Python kemTeren kitamxaHamap MEH MOAYJbJAEpPre ue.
CranpmapTThl KiTamxaHa Ci3re KONTETeH TarchlpMallapbl OpPBIHAAY YIIiH JaiblH Kypajagap MeH
GbyHKIUSITapAbl YCHIHABIL.

- Harepnperanusuibik: Python OarnapmamanapblHBIH OpBIHIAIYBI T3, OWTKEHI Koi OipaeH
OpBIHAATIA b XKOHE KOMITMIISALHS KayKeT eMec.

- OOwnekrire 6arbiTTasiFan: Python o0bexTire 6arpITTanFan OaraapiiamManay TUIH KOJAaiabl, Oy
KOJTBIH KYPBUIBIMBIH TYCIHIKT1 9p1 THIM/1 €Te/l.

Python 6armapnamanay TUTIHIH KOJIJJaHy asickl oTe KeH. Beb-a3ipneyne, FpUIbIMU ecenTeyep KaHe
JepeKTep/l Talaay1a, XKacaH bl HHTEIUIEKT 5KOHE MaIlIMHAJIBIK OKBITY/1a, aBTOMATTAHBIPY, OUBIHIAD
KacayJa,.CUCTeMalblK Oarmapiamanayina KojaaHbiiansl. Python Oarmapnamanay TiuliH yHpeHY
KOJIJIApbIH YIII IeHreire Oein KapacTelpcak 0osa/ibl ofap: 6acTanksl AeHrel (Heri3ri yFeMaap MeH
CHUHTAKCHC), OpTa JeHrell (00beKTire OarbITTaiaFral Oaraapiaamanay skoHe JepeKTep KYpbUIbIMIaphl),
KOFaphl IHTrel (MakeTTep MEH KiTalxaHaiap/abl KoJJlaHy, Be0-03ipiiey, MallliHAIIBIK OKbITY)[4].

Python-na Garnapiamanay/apl TOKIpHOETiK OaFBITTaFBl TOCUIAEC OKBITY MOCENEIePiH 3epTTeyMEH
Zhuo Yu, D. S. Resnick, David J. Malan, }O. A. JIpsaxkonos, A. I1. bapsimankos, A. 0. benses,
E. H. ConoBbeBa, Michael Forrester xone T. 0. FaJibiMaap aliHAJIBICKAH.

bepkumbae K. M., Hussosa I'. XK., Maynenos C. C., baiitepexoBa H. 1., Uckenniposa I'. C.
«Python 6armapnamiay Timi» OKy KypasibiH O11iM OepyiiH OapibIK JEHI€HIHIETT OKBITYIIBUIAp MEH
OimiM anmymieliapra, i3aeHymriiepre apHan mbFaprad. Oy kypaneiHga Python Timin Tepen
MEHrepyTe apHaJIFaH TEOPHSUTBIK MaTeprallap MEH 3epTXaHAIIBIK KYMBICTAp KapacThIPbUTFaH [5].

JXorapeia atanFan FaibIMIapasIH eHOeKTepiH Tanaay Oapeicbinaa Python-na 6armapnamanay sl
ToXipuOere OarpITTaIFaH TICLI/E OKBITYIBIH MaHBI3AbUIBIFBI HAKTHUIAH/BI JKOHE OlpKaTap THIMII
OJliC — TACUIAEP aHBIKTAJbI:

- JKobanwix okbimy: CTyAEeHTTEP HAKTHI OMIPJIIK MICceJeNep/l memeTiH xobanap xacarn, Python
TUTIH YHpeHei.

- Uumepaxkmuemi 20icmep: Python TiiH OKBITY OapbIChIHIA OKYLIBUIAPAbI MPAKTUKAIIBIK
KYMBICTapFa TapTy, ocipece KOJ a3y MEH HaKThbl TallChIpMaap/ibl OpbIH/AY.

- Tacvimanoaywer mancoipmanapowvt opvinoay a0ici. CTyAeHTTEp TYpJii mpoodiieManapapl HIeNry
apKbUIbI O11IM asiajbl, OYJ1 OapAblH aHAIMTHKAIBIK OIay KaOlleTTepiH 1aMbITyFa KOMEKTeCeIi.
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Kazipri Tagna Python TiniH unmepaxmusmi scane macvimanoayuibl mancolpmaiapobl OpblHOAY
a0icmepoi TaanaHy apKbLIbl OKBITYIBI XETUIAIPY MakKcaTblHAA 3epTTeysep Kyprizuryme. by
ONiCTep CTYIEHTTEpPre HAKThl TaIChHIpMalapAbl OpBIHIAYFa MYMKIHIIK Oepeii »oHe OJapabl
IIBIFAPMaIIbUIBIK TYPFBIIAH OarmapiaManaynbl yipereai. Python Oarmapnamanay TUTIH OKBITY
o/licTeMeNIepiH 3epTTEY JKOHE OHBI JKOFapbl OKY OpPBIHJApBIHA OKBITYIBIH THIMIII JKOJIApBIH Taly.
By skepie MHTEpaKkTHBTI Kypajijaap, Oarjapiiamaliay OpTallapbl, OKBITY OJIC-TOCUIIEpi MaHBI3IbI
OpBIH aJa/ibl.

Humepaxmusemi 20ic — OYJ1 OKBITY TPOIIECiHIe OUTIM ayIIbUIapablH OCJICeH I KAThICYbIH KOHE
©3apa OpPEKeTTECyiH KaMTaMachl3 €TETiH IeAaroruKajibiK TOCUT. By ofic 611iM amyIbl MEH OKBITYIIBI
apachlHAAFBl JTMAJIOT, TMIKIp ainMacy, TONTBHIK HEeMece KYITBHIK JKYMBIC, TarchlpManap MeH
MPAKTUKAJIBIK OPEKETTEP apKbUIbl OLIIM ally MPOILECIH YHUBIMIACTHIpYAbl Ounaipeni. HTepakTUBTI
omic OimimM Oepy OapbICEIHAA CTYACHTTEPIIH TEK THIHAAN KaHa KOMMaii, OKy MaTepuaibiHa OelceH/Ii
TYpPJI€ apaiacyblH jKoHE 63 OUTIMIepiH KOTaHYbIH KO3ICH .

HUnmepaxmusmi a0icmiy Hezizei epexuienikmepi.

1. Binim anywwvinsiy 6encenoi kamoicysl: OKymbUiap cabak 0apbIChIH/Ia TEK MACCUBTI THIHIAYIIIBI
eMec, e3JIepiHiH OLTiMIepl MeH TaXipuOenepin Oeicim, oKy mpolecine OeJICeH T KaThICa/Ibl.

2. Binim anywvl men myeanim apaceinoagsl daiianvic: MyFaniM TeK akmapaTThl Oepylri raHa
emec, OuTIM anmymibliapra OareIT-0araap Oepyiii, KeHECHI OOJBIT dPeKeT eTeli. bimim amymsl MeH
MYFaJliM apachIH/Ia Y3IIKCi3 Kepi OailaHbIC OPHATHLIAIBI.

3. llpobnemanvix osicazoatinapovt wieuty. buTiM anmymsUiapFa HAKThI OMIPIIK HEMECEe OKY
MaTepHaJIbIHAH aJIbIHFaH Maceseliep MEH TarchipMaiap Oepuiemi. bijim amymbuiap oyiapsl HIenry
YILiH IIBIFApPMaIIbUIBIKIICH KYMBIC ICTEHII.

4. Tonmuik dcane xcynmulk scymsic: biniM anymibuiap Tonrapia Hemece KynTap/a *KYMbIC icTeil
OTBIpHIN, Oip-OipiMeH miKip anMmaca amajsl, HAesUIapbIMeH Oeiticeai, TarchblpMaapabl Oipirin
OPBIHJANIBI.

5. Opmypai oKy Kypanoapvin natioarany. VHTEPaKTUBTI 9MIICTE MYFAIIM TEK IOCTYPJ OKBITY
KYpaJlJlapblH eMec, MyJIbTUMEIUSIIBIK J)KOHE UHTEPHET-pecypcTapibl, OutiM O6epy miuardopmanapbia
1a KosgaHa sl [6].

Tacvimanoayuvbl mancwvlpmanaposl nauodanany 20ici OKyIblIapra e3/1epine Oenriii 0ip KOHTeKcTe
anFaH OuTiMIepiH Oacka skarjaiiapia KojjaHynabl yiperyre OarbiTTanfadH. byn onic OutiM MeH
JaFaplIapAeH 6enrisi Oip TaKbIpbIN asChIHA FaHAa eMec, coll OUTIMHIH jKaHa KOHTEKCTep/Ie HeMece
Oacka cananapja KOJAaHbUTybIHA HETi3eNTeH. SIFHU, TachIMalIaylibl TalChlpMaliap bl Maiaanany
o/lici OKYIIBUIApJABIH anfaH OimiMaepiH Oacka, aHa J>KOHE IIbIHAWBI OMIPIIK >KaFmainmapia
KOJIZIAHYBIH JIaMBITYFa KOMeKTecesi. [ 7]

Atanran oguictepre cail Python Garmapnamanay TiniH ToxipuOere OarbITTalFaH TACIIAE OKBITY
KYPCBIHBIH Ma3MyHbI KaHail 0oitysl kepek? by cypakka »kayar 6epy yIliH OipKaTap FajabIMIap/IbIH
FBUIBIMM €HOEKTEpiHEe TaslJjay sKacallbl.

Mapxk ['y3muanaslH 3epTreyiepi akmapaTThIK TEXHOJOTHsUIAp JKoHE OaraapiaManayabl OKBITY
onmicTepin ketunmipyre OarbiTTanFaH. On Python TimiH OKbITyma cTyJeHTTepre ToXipHUOemiK
TancelpManap OepyaiH MaHbBI3IBUIBIFBIH aTan eTedi. Mumepakmuemi mancvlpmanap MEH Kon
Oeneelli dcobanap apKbUIbl CTyICHTTEp 1 Oarapiama xacayra 6ayny sl yebiHa b [8].

TanbiMan amepuxanablk mnporpammuct I'peiic Xommep (Grace Hopper) kommbroTepitik
FBUTBIMAP/IBI OKBITY/IBIH JKaHa TOCUIIEPIH YChIH/IBI. XOMIEepAiH UAesIaphl HeTi3iHAe Oaraapiamanay
TUTIH YHpeTyze TanchblpMaiap/bl HaKThl OMIpJiK KaFdainapra OediMIey, SFHU TachIMallaylibl
TaTnChIpMaiap 9JICiHIH THIMJII eKeHIiH aiFa TapTasl [9)].

C. Kacpsanos, K. daneeBa enOekrepinae oKbITyAbl Oackapy xyienepin (LMS) xxone UuTepuer
kbi3merTepid: Google Docs xone Google Colabratory maiinamana oteipbin, Python optackiHna
Oarmapiamanayqsl OHJIAMH KaybIMIACTBHIKTAPIBIH MEKTEN OKYIIbUIAphIHA YHpPETy Mocenenepi
KapacTteipbUia s [10].

Avouris, Nikolaos, Sgarbossa, Kyriakos, Paliouras, Vassilis, Koukias, Michalis makamaceiaga
CTy/eHTTepAl OarnapiamagayMeH TaHBICTBIPYFa jKOHE COHBIMEH Oipre MpaKTUKAJIBIK TXKIpUOETIK
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TOCUIAI KoONJaHa OThIpbIN, MHpOpMaTHKaHBIH HETI3TI YFBIMIAPBIH KaMTyFa OaFbITTaliFaH
"Ecenreynepre kipicre" jkaHa KypChIH 931pJiey *KoHE €HT13y TOKIpUeciH KapacThipazsl [11].

Hudpnangeipy noyipingeri Oimim Oepy »xyieci myngem Oackama Oonaabl, ©WTKEHI >KaHa
aKMaparThIK TEXHOJOTUSJIAp, UHHOBAIMSIIBIK CHUIATTaFbl JIEKTPOHIBI KypCcTap OKBITY MOJEJiHE
Oencenai Typae eHe OacTaiiipl JKoHe onapablH Oonamarsl 30p. JKaHa camanbl ¢dopmarTarsl
MaMaHAapAbl Jaspiiay YHUBEPCUTETTEPA1H MPOPECCOPIIBIK - OKBITYIIBUIBIK KYpaMbIHAH aKIapaTThIK-
KOMMYHHUKAIMUIBIK TexHonorusapas! (AKT) naiinanany el THICTI )KaHa JaFAbUTIAPbIH Tajar eTell.
byrinri Tagaa 6iniM O6epye IocTypili OKYJIBIKTap MEH 0acKa Jja MaTepralaap sl ai1aJany OpHbIHA
UQpIIBIK Oi1iM Oepy pecypcTapbiH jKOHE HHTEPHET - PECYPCTapbIH KOJIaHy YChIHbLIAIbI [ 12].

Kasipri Tanna Python Garmapmanay TiliH OKBITYFa apHaJIFaH KOITETeH UHTEPHET — PeCypCTaphl
Oap. Op mwiatdopma e3iHiH TN YiHpeTy MeToaukackiMeH epekienenesni. I'T oneminae Python timin
MeHrepyre apHairad TanbiMan ruiardopmanap Coursera, Codecademy, Educative.io, Pythontutor,
W3schools xone T1.6.

Coursera — MBIKTBI MaMaHAap JaspiaraH OHJIAHH-KypcTap XHUBIHTBIFBL. Onma Tex Python
Oarmapiamanay TUTIH MEHTepyre apHaifaH KypcTapiaH 0acka Jla OHJANH-KypCcTap >KUHAKTaJFaH.
Coursera rurat)opMachIHBIH €PEKIIeNiri YHPEeHYI 031 OpbIHIAaFaH TaIlChIPMaJIapbIH SKCIIEPTTEPIIH
TEKCEepYIHEH OTKi3€ anajibl )KoHE opaiibiM Kepi OalaHbIC OPBIHAANBIT OThIpaabl [13].

Educative.io - 0yt 6armapiaamanayiapl YHpeHyre :)oHe KOATHI TiKeeH Opay3ep/ie jxa3yra 00JaThiH
MOTIHAIK, MHTEpaKkTUBTI miargopma. OKBITY METOAMKACHl MpaKTUKara OarbITTasiFaH.YHpeHyi
MOTIHJIIK TYKBIPBIMJIAMaHBI OKBIT, THICTI KOJTHI KeJleCi JKOJIFa a3a ajajpl. SIFHM, emkaHmau
Oargapiamanay OpTachlH KYKTEYAIH HEMece OpHATYAbIH KaXKeTi oK. by ke3-kenren Python Tinin
Oacraymipuiapra apHaJFaH KypCTapAaH YJIKEH apTHIKUIBUIBIFBI, OWTKEHI >KaHA/JaH KeNreHIepIiH
Kemnuruniri OarmapiaManay oOpTachlH OpHATy KHUBIHABIKTApbIHA Tal OONATHIHIBIKTAH —ajFfa
KbUDKbIMaAbI [ 14].

Pythontutor — 6yi Python Tininne 6araapiamarnaynsl 6acTayra apHaiaran amoeban miardopma.
Omnnaitn wHTEpHpeTaTop ToybIFbIMeH TeriH. COHBIMEH Karap, Bu3yanu3atop Python ThroTOpBI
Opay3epzie JKYMbIC ICTEHI >KoHE MaiilajJaHylIblFa *XYMBIC OPTAaChlH OPHATYIBIH KaXeTi JKOK.
ANpIMeH TakbpIphIl OOMBIHIIA AaHBIKTAaMa YCBIHBUIAABL. MyHaa OapiblK TEpMHHIECP MEH
GyHKUIMSATApAbIH erkel-TerKelIl curaTTaMachl, COHIal-aKk ©TKeH MaTepuaifa apHajlfaH MUHH-
TpeHaxkepyep 6ap. Coman keiiin Python Bu3yanuszatopbiMeH HIelIyre YChIHBUIATHIH TarchblpMasap
6ap. Tancelpmanapbsl OpblHAAY OapbIChIHIA YHpEHYIIiIeH KaTeliK KeTce, OHJailH BU3yalu3aTop
KOMETIMEH >KIOepreH KaTeliKTepl Kaaamaapra Oesiin, OpbIC TUTIHIErT TYCIHAIPMECIH Kepyre
Oomansl. JKone mnuardopmaza OepiiareH TamncelpMaiapAbl IIEMIYAIH op — TYpil >KOJAAphI
ycbiabUIa s [15].

W3school s - onnaiin korayabl yiipeHyre apHaiFaH Terid 0i1iM 6epy BeO — ruatdopmacst. Python
tutineH 6acka kentereH HTML, CSS, JavaScript, JSON, PHP, AngularJS, SQL, Bootstrap, Node.js,
jquery, XQuery, Ajax cekingi Oargapiamanay TUIIEpiH MEHIepyre apHalFaH aFbUIIIBIH TiTIHAET]
U@ PIIBIK OKY MaTepHaibl 00JIbIT Ta0bUTaabl. MyH/Ia TEK OHJIAWH TYpJ€ KOJ JKa3bIll KaHa KoWMaH,
03 OUTIIMIH TeKCepyre apaHajFaH TECT TalChIpMalapbiH J1a OpbIHAayFa 6oasl [ 16].

Korapbiga TankplIaHFaH OKyHenepae OailflaHBIC MYMKIHIIKTEPIH KapacThIpFaHIa KeJecl
acIeKTiJIep/l aTar KepceTyre 0o1a/ibl: MaijanaHy bl Ipo(UIiIMEH THIM/L )KYMBIC ICTeY MYMKIH/IT1;
HTML penaktopbIMeH *KYMBIC iCT€y MYMKIHAIr; GopyMIbl Haiiianany; >keke xabapiamanapMeH
alMacy; 4aT apKbUIbl OalIaHbICy; KaXET JKaFjaiiia MoTiHre cypeT peTiHae (opMyranapasl eHrizy
MYMKiHAIr1. Kemminikrepre MpiHanap xartajipl: HHTepdenc ThIM KYpeli, )oHe Oaraapiaamanay TUliH
KETKUTIKTI ~ OUNIMEWTIH  MyFamiM  KyleHi  Oackapylda  KUBIHIBIKTapra Tam  OoJajbl.
[Talinananymeutapael  6emiMaep, Oemiminenep Hemece (uinangap OOWBIHINIA TOMTapra Oeiy
MYMKIHJIT1 JKOK, CTyJ€HTTEp TOOBIH TEK Kypc illiHAe FaHa Kypyra Oonajnsl. Xylie opOip CTyAeHT
OOMBIHILIA ecenTep jKacalIbl, O1paK KaJIbl )KUBIHTHIK KECTEC1 HEMECE CTaTUCTHUKACHI KOK.

WHTepakTHBTI pecypcTap MeH IutatdopMaiap/sl 0y apKbUIbl O11iM Oepy kyilecine apHaIFaH
uupibIK waThopMaIapIblH Op TYPl JeHrele KapKbIHbl JaMbI KeJle KaTKaHIbIFbIH Oailkayra
Oomansl.  barmapnamany — TULIEpiH  YHpeHyre — apHalFaH — OHJIAHH  TuaTdopMaiapiblH
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(GYHKIMOHAABIFBIHA CATBICTRIPMANbI Taay Kyprizingi. Tamgay OGapbicbiHAa TuaTdopManapIbH
KOO cryneHTTEpi MEH OKBITYIIBUIAPBIHA OKY MPOIIECIHAC KOMEKII Kypall peTiH/Ie KOJIIaHy asiChl
OOIibIHIIIA APTHIKIIBUIBIKTAPBI MEH KEMIIUTIKTEpl artan oTiai. Kemirinikrepain inriHae epekiie Ha3ap
ayJapblIaibl:

- Kypc MaTepuaiaapsl aKkplibl (coursera, educative.io),

- TOXKIpUOETiK TarcelpMajgap MEH KOJIEH ToKipuOe jkacay MYMKIHAIKTEpl MIEKTeysi, Oy
OKYIIBUIAPJBIH ~ TEOpUS ~ MEH  IpaKTHKaHbl  OalIaHBICTBIPYbIHA  KUBIHIBIK  TYABIPYBI
myMmKiH.(W3school, coursera),

- TaKBIPHITIKA cail OeliHeMa3MyH MEH MaTepHalIapablH KeTKuTikcizairi (educative.io, w3school).

3eprTey HOTHKeIEPi

JXorapeia TadKpLIaHFAH TY)KbIpbIMAap Herizinge Python-ma Oarnmapiamanay/bl TpaKTHKAIBIK
TOCUIE OKbITyFa AapHajfaH IulaTGopMara KOMBUIATBIH HETI3rl TajJanTap TYKbIPhIMIAJIbI.
[Tnardopmanbl Kypy yiriH WWW.PS.KZ OYITTHIK CEPBEPIHEH XOCTUHT aIbIH/IbI.

binim G6epy mnaTdopmacel TOMEH IET1 TaJanTap/bl KAaHAFaTTaHIbIPAIbL:

- KapamablM KOHE TYCiHIKTI wmHTepdelic: miarpopMa HMHTYUTHUBTI TypAae TYCIHIKTI,
naiiananyusliap KUbIHABIKCHI3 KAKETT1 Kypajiap MeH MaTepuangap/sl Tada amysl,

- AHTEPAaKTUBTI OKY KYpaJIapbIHBIH OONybl: IulaThopMa TEK MOTIHMEH UIICKTEIIMEi,
OeliHeMa3MyH, TeCTTep, TalchlpMajap, MPaKTHUKAIBIK >KAaTTBIFYJAp CUSAKTbI TYpJl MHTEPaKTUBTI
AIIEMEHTTEPJICH TYPYHI,

- )KeKE€ OKY TpPaeKTOPHSCHL: TIUaThopMa CTYAEHTTIH OUTIM JAeHreiiHe, KaXeTTUIIriHEe Ccoiikec
KypcTap MeH MaTepHalgapAbl YChIHATHIH aJallTUBTI OKBITY JKYleciHe ue;

- JKaHAPTBUIFaH JKOHE JIJI aKHapaT: KypCTbIH OKY MaTepHaJapbIHBIH Callachl KOFapbl OOYHI,
oJIap YHEMI KaHApTBUIBII OTBIPYHI,

- OKy Iporpeci Oakpliay: CTYACHTTEpJiH OKY OapbIChblH, TalChlpManap MEH TeCTTep.IiH
HOTIKEJIEPiH OaKbLIall, OHBI JKaKCapTyFa OarbITTalIFaH JKyienep O0ysl;

- MyJIbTUMEIUa KOJJaHy: OeliHemMa3MyH, uH(orpaduka, ayauo >xkoHe Oacka MyJIbTUMeEana
(hopMaTTapbIH KOJJaHy OKY MPOLECIH KbI3bIKThI KOHE TUIM/II €TYI.

BeG-nnatdopmanbiH  Herisri  (QYHKIIMOHANABIK TalanTapblH aHBIKTaAbIK. [lmardopmansl
KOJIIaHYIIBUIAP/IbIH OpKaCBICBIHBIH ©3 poii Oap. Omap: oKIMII, OKBITYIIbI, OUIIM ayIlbl,
KOHAKTap. YCBIHBUIBII OTBIPFAH KYpC TEOpHsUTBIK Oimimai meHrepyre, Python-ma mpakrtukara
OaFpITTIFaH TOCUIAE OKBITY HETI3JIEpiHE, TYKBIPhIMJAp MEH Karujanapibl )KoHE HOpMaTHBTEPl
TYCIHyre OaFbITTalIFaHbIH €CKepe Kelsle, KY3IpeTTUIK TACUIII JKy3ere achlpy, >KOHE MYMKIHJIIKTI
KaMmTamachi3 ety Kaxet[17]. Beo-murardopma Python i Toxxiprbere OarbITTaIFaH TOCUIAEC OKBITY
KYpCBIHA HET13JeJITeH.

- Kypc Ma3MyHBIH Kypy 'KoHE MaTepUalJapblH OHIELY,

- Python Tinin Toxipubere GarbITTanFaH TOCUIZE OKBITY KYPChIHBIH MaTepUalIapblH OEKITY;

- JlopicTep MeH TecTinepi Kypy/oHey;

- CTyzeHTTepre apHaJIFaH TECTUIEYy HOTHKENEPIHIH CTATUCTUKACHIH Kapay,

- Python Garmapnamanay TUTiHEe apHAIFaH BU3yaln3aTop Kypy.

Beo6-marpopma  Python-mer  Toxipmbere — OarbITTanFaH — Tociile  OKBITY — KypchlHA
HETi3/IeITeH/IIKTEH O1IiM aTyIIbl MeH OKBITYIIBI OeTiHae Python Garmapiaamanay TimiHiH OacTamkel,
opTalla, >KOFapbl JECHIeWJEeri TaKbIpbINTap >KOHE Op TaKbIPbINKa Colikec BHEOMaTepuaiiap,
TaKBIPBITIKA COMKEC MacbLIMAnOayuiblt mancolpmaniapowvl naudaniany a0ici OOWBIHINA KYPBUIFaH
TarcelpMaiap JKoOHe TecT cypakrapel OciiHeneHreH. [Tnatdgopmana Python TiniHiH BH3yaln3aToOphI
KapacTbIpbUIFaH. SIFHU OLTIM alylibuiap ajlfaH TEOPUSIIBIK OLTIMIH OipieH MPaKTUKAIBIK TYPFbIIa
KOJIJaHbIN Kepei. byn OarnapinaManay TijiiH MEHrepyre eTe THIMII 91iC — TOCJT O0JIMaK.

Python-ner  ToxipubOere OaFbITTalFaH TACUIIE OKBITY KYPCHIHBIH Ma3MyHbI  |-KecTe
KepceTUIreH 1eil 0acTamnkpl )KoHe opTalia JeHrenai kamtuasl. Kype Ma3MyHbIHA KbICKAIIA IIOITY .
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Kecme 1. «Python-0vl maocipubeece bazvlmmanzan maciioe OKblmy» KypCblHblH MA3MYHbL

Python-oer maorcipubeze
bazvimmanzan macinoe OKbimy

Maxcamuwi: Python minine Oezen
KbI3bI2YULbLIBIKINbL OSNY,
bazoapramanay Hezizoepin
mycinoipy. Python-oazer nezizei
depexmep KYpblIblMOApbl MeH
011apObIH KOAOAHBLIYbIH MYCIHY.

Lugpproix
KOHMEHm

Buoeo/Tecm/
manceipma

1. Python
bazoapramanay
MminiHe woy

Python oezenimiz ne? OHviy
ApMuIKUBLIBIKIMAPbL MeH KONOAHY
cananapol. Python opnamy oicane
aneawikbl 6a0aprama xHeasy.
Python cunmaxcuci men
KypuLisimsl. Kapanaiiviv
bazoapnamanap: Hello World.

Ipaxmuxanvix mancolpmanap:
aneawxvl Python
ba20apramacoit scasy.
Atinvivanvinap men depekmep
MUunmepiH natoanaHbin UWagblx
ecenmep uieuly.

Tecm mancuipy,
OeHeeliniKk
Manceipmaniapo
bl BU3YANUZAMOP
KoMe2iMeH
oOpbiHOay

2.
Jlepexmepmen
JACYMBIC iCmey:

munmep MeH
KYPuLIbIMOap

Atinvivansiiap, oepekmep
munmepi. int, float, str, list, tuple,
set, dict. Jepexmep
KYPbLILIMOAPLIH 6HOey ddicmepi:
unoexcmep, cpesoep, JHcoHe
a0icmep. Tizimoep men
Kopmexcoep: Kocy, H#orw, izoey.
JKuviHOap men co30ikmep:
JAHCUHAKmMAy, i3oey, dcayapmy.

Ipaxmuxanvix mancoipmanap:
Kanvrynamopowi orcaza
omulpvin, apmypai oepexmep
munmepin Konoany. Maminnen
beneini 6ip co30epai i30etmin
b6azoapaama sncazy. Canovlx
O0epexmepoi CYpbInmay HcaHe
enoey.

Tecm mancwipy,
OeHeelinik
manceipmanapo
bl BU3YATUZAMOD
KoMe2iMeH
opbiHOay

3.
baxwvinay
KYPblabIM-
oapui:
wapmmol
onepamopnap
MeH Yyukioep

Llapmmur onepamopnap: if, elif,
ese. Huxnoep: for, while.
Luxnoepoi kondany. canax
JHcypeizy, manimemmepoi Katima
enoey. broxmap men unoenmayus
(KOObIH KYDblIbLMbL).

Ipaxmuxanvix mancolpmanap:
Tizimoeei sicyn dicone mak,
canoapovl 6eny. llatidanrany-
WbI0aH MAIMEMm anblN, OHbIY
eHeizeeH Oepekmepin OHOe).
QuboHauuu candapvin ecenmey
JICoHe Wbleapy.

Tecm mancuipy,
OeHeeliniK
mancuipmanapo
bl BU3YANUZANOD
KoMe2iMeH
opbiHOay

4.
Dyuxyusnap
MeH MoOynvoep

QyHryusiap: anvlkmay,
napamempiepoi bepy, Kaumapy
Mani. QyHKYUANAPObLIY
KOJIOAHBLILYbL JHCIHE KATKLIMATbL
Gynxyusinap. Mooynvoep men
Kimanxauanap: import sxcane from
... import. Cmanoapmmbol
Kimanxauanap mew o3
MOOYIbOepiH dHcacay.

Tpaxmuxanvix mancoipmanap:
Dyukyus Kypy sicaone Kauma
natoanany2a apHaiean Koo
arcazy. XKexe modynw grcacay

Jicane oHbl backa bazoapramada
natioanany. Busyanusayusnay
YUl MOOYIbOEPMEH HCYMBLC

(mvlcanwl, matplotlib).

Tecm mancwipy,
OeHeellix
manceipmanapo
bl BU3YATUZAMOD
KoMme2iMeH
opbiHOay

5.
Kamenepoi
enoey Jcaue

mecminey

Kamenepoi maby scane eyoey
(try, except). Cmanoapmmeol
Kamenep J#ane o1apovl 6HOey
a0icmepi. Tecminey:
bazoapaamanvl mecminey JHcoHe
mecminey Kypanoapsi. Jloz
Qaiinoapvimen sHcymulc.

Tpaxmuxanvix mancolpmanap:
Kamenepoi enoey sicone
natoanaHyublOaH AbIHAMbIH
Mmanimemmepoi mexcepy. Tecm
arcaszy gkcane KOOMvlH OYpbic
JHCYMBIC ICmen mYpP2anbiH
mexcepy.

Tecm mancwipy,
OeHeeliix
manceipmanapo
bl BU3YANUZAMOD
KoMme2iMeH
opbiHOay

6.
Obwvexmie
bazvimmanzan

bazoapnamanay
(00I1)

Knacemap men obvexminepoiy
Heziz0epi. Uukancynayus,
MYpazepiix, NOAUMOpHU3IM.
Kypoiivimoap men adicmepoi
Koroamy. __init_, _str__,
__repr__ CcUAKmbl apHalivl
a0icmep.

Tpaxmuxanvlx mancolpmanap:
Knaccmap men obwvexminep
KYPY, MbICA/Ib, A8MOKOLIKmMep
HeMmece cmyOdenmmep mypajivl
aknapammul cakmay. Mypazep-
JIK KoA0ana omuipsin, 6a2iap-
aamanvl keyetimy. Obvekminep-
MEH HCYMBIC HCaACay, 0NaApOblY
Kacuemmepin bacxapy.

Tecm mancoipy,
OeHeelnix
Manceipmaniapo
bl BU3YATUZAMOD
Keme2iMeH
opbiHOay
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1-xecrene KapacToipbuirad Kypc MasmyHbl JKOO-HBIH OakanaBp OoifbIHIIA O11IM alyIIbuIapbiHa
aprasiran «Python Tininae O6argapiamManayy MoHIHIH TaKbIPBIITAPhl MEH MAa3MYHBIHA Call )Ka3bLIFaH.
3eprrey kymbichl MyxTap Oye30B aThiHIarbl OHTYcTiK Kas3akcTaH yHUBEPCUTETIHIE IKOHE
O30ekam JKonibekoB aTeiHmarel OHTYCTIK KazakcTaH megarorukaiblK YHUBEPCUTETIHIH — (U3HKa-
MaTeMaTHhKa dakynprerinme otkizinmi. CoHpmal-ak, Kypc Ma3MyHBl MeH OumiMm Oepy
mIaThOPMAChIHBIH THIMIUIINT MEH MYMKIHIIKTEpl JKYPTi3iIreH 3epTTey >KYMBICHI OapbIChIH]IA
Tekcepinai. 3eprrey kymbichiHa «Python Timinae GarmapnaManayy MoHI ©TIAETIH OLTIM alymbuiap
(n = 77) kareictel. Jlepextep 2023 — 2024 0Ky JKBUIBIHBIH €KIHINI CEMECTPIHIEC OTKI3UITCH.
Cayanmnamara KaTbICKaH PECIIOHICHTTEDP CTYAEHTTEep OO IbI.

1. Cisre xonganbiFan wiardgopma yHaasl ma? Mo —91%:; sxox —9%.

2. Ci3 mnatdopma OeTiH TyciHOereH ke3iHi3 6ol Ma? Mo —5%; xox —95%.

3. Kypc marepuanmapsi cizre TycinikTi 6omabmma? Mo —80%:; xxox —20%.

4. Ci3 KOMITBIOTEPJIIK TEXHOJIOTUSHBI MEHTepYA€ KUBIHABIKTapbIHA Tam 00JabIHBI3 0a? Mo —18%;
KOK —82%0.

5. OKBITYIIBIHBIH KOMETIHCI3 BU3YyalIH3aTOP KOMETIMEH MPAKTUKAIIBIK TallChipManapAbl LICHIye
KUBIHABIKTAp Oousl Ma? Mo —18% /xok —82%.

6. Ci3 OepisireH MaTepHaIIbIH KONTIriHe OalIaHbICThI KeJICHCI3AIKTepre Tam 00yabIHbI3 6a? Mo —
32%; k0K —68%.

7. Ci3 OKBITYIIBUIAPMEH TiKeJIeH KapbIM-KaThIHAC Kacay KaKeTTUliriH cesineciz 6e? Mo —29%;
)KOK —71%.

8. TecT TancelpManapblH TANCHIPY KE31H/E €13 ©TKEH JKbUIIapIaFbl CECCHUsIIApMEH CANIBICTBIPFaHa
Ke0ipek amapaansHb3 6a? Mo —80%; xox —20%.

9. Python 6arnapnamuay TiiH mardopma KeMeriMeH YIHpeHY yaKbIThIHBI3IbI YHEMIEYTe KOMET1H
turizai me? Mo —88%; xok —12%

10. Busyamuzatop kemerimen Python-ma Tamceipmanapasl opbiHIAAay Ke3iHAEP KHBIHIBIKTAD
oonmeMa? Mo —11%; xox —89%

binim 6epy mardopmachiH KoJaHy Ke3iHe aHbIKTalFaH KeM TYCTapbIMEH apTHIKIIBUILIKTAPbIH
eckepe keje, margopmara QyHKIMOHANIBIK TYPFbIJIa aKayjlapblH XOHJEY, OKbITYIIbl MEH OLTIM
aIyIIbl apachbIHAaFbl OalIaHBIC KYpalJAapblH OpPHAIACTBIPY KaKeTiri TyblHAaiabl. CayarHaMaHBI
KOpBITBIHIbIIAN Kene Python-na Garmapnamanaynpl miaargopma KeMeriMeH yHpeTy 'kKoHe YHpeHy
yaKbITThl YHEM/IEY JKaFbIHAH JKOHE MPAKTUKAIBIK JaFIbIIap bl KATBIITACTBIPY YIIIH 6T€ THIM/1 TOCLIT
€KEHJIIT1HE KO31M13 JKETII OTHIP.

Juckyccus

3eprrey Hotmxkenepi KOO crynentrepi yumiH Python tinminae Oarnapiamanayabl OKBITYIBIH
ToxipuOere OarbITTalIFaH TOCUTIHIH TUIMIUIITH KepceTel. OpTYpil OKbITY 9/1iCTEpl CTYACHTTEP/IH
Python Oarnmapnamanay TisliH Urepyre JIereH KbI3BIFYIIBUIBIFBIH apTTHIPYFa KOIl KbIPJbl TOCLIIEPIl
KOJITAaHY/IBIH MaHBI3IBUIBIFBIH alKbIHAaiabl. HoTmxkene, >k00anbIK OKBITY, WHTEPAKTHBTI 9icC
ToCUIep, TachIMaayIIbl TallChIpMalap/ibl OpbIHAAY dAicTepiHiH THiM LT kepeeTinai. On KOO —
na Python-na Toxxipubere OarpITTalfaH TOCUIZE OKbITYFa apHaJlaFraH >KaHAIla MHTEPAKTHBTI 9JIIC
TOCUIIEP/Il €HT13y KaXKETTITiH KOpCeTeIi.

Hortmxkenep xo0anbiK, HHTEPAKTHUBTI OKBITY 9JIIC TOCULAEPAIH THIMILIITIH KOpceTeTiH Oacka /a
3epTTeynepMen coiikec keneni. COHbIMEH KaTap, Oyl HOTHIXKENIep OCHl o/iCTepi THIMII €Ty YILIiH
KOJIJIaHbUIaTBIH ~ MEXaHM3MIEpJl TepeHIpeK 3epTreyre MYMKIHIIK Oepeni. byn  3eprrey
WHHOBAIMSUIBIK ~ OKBITY ~ OMICTEPIHIH THIMIAUITIH OMIMPHUKANBIK TypAe JAdJenien, Oimim
ayIIBIIApABIH OaFaapiiaManay TUTiH MEHIepyAeri KUBIHIBIKTAPhl MEH OJIAPJIbI IIENTy KOJIapbIH
aHbIKTayFa, COHai-aKk Python TijiH OKBITY MpOLIECiH XKaKcapTyFa yJiec KOCabl.

KopsbITbIHABI
byn makanana Python-na 6armapimamanayasl ToxipuOere OarbITTaIFaH TOCUIAE OKBITYABIH THIM/II
onic — Tacinzepi aHbIKTanbil, «Python-ga Garmaprnamanaynel ToxipuOere OarbITTaIFaH TOCLIIE
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OKBITY» - Jell aTaJaThlH Kypc Ma3MyHbl a3ipieHni. Conpmaii — ak wuu¢piaslik Oimim  Oepy
maTdopMaliapbiHa Tajaay Kacaaabl. bisiM 6epy matdopManapbiHa KOWBUIFAH HETI3T1 TajanTapIbl
eckepe kene, «Python-ma 6arnapiamanayasl ToxipuOere OarbITTAIFAH TOCUIAEC OKBITY» - KYPCHIHBIH
Ma3MYHBIHA HeTi3[enreH BeO-tuardgopma sxacanabl. [InaTtdopma mopicTepai, BUICOICKIUIAPIbI,
TaKBIPBINKA Call JIEHIeIIK TancehlpManapiabl, TecTrepli, Python Busyanu3aropblH, CTaTHCTUKAHBI
Kapaybl KAMTH/IBL.

OKBITYIIBIHBIH OKY IMpPOLECIH YHBIMAACTBIPY FaHa €Mec, OHbI OakplIayra Jla MYMKIHZIIT1 Oap.
OKBITYIIBIHBIH OLTIM aTyIIbUIapaslH OLTiM ACHIeHiH CTaTUCTHKA apKbUIbI OAKbLIAIl OTBIPYBI, JKOHE
COFaH COMKEC op CTYACHTTIH YJIrepiMiHe cail apHaiibl TarceipMaiap 0epyi O1TiM canachlH XKaKcapTyFa
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AHAJINTUYECKUA OB30P IPUMEHEHMS BJIOKYENH-TEXHOJIOTUI B
OBPA3OBATEJIBHBIX HEJIAX

Annomayus

®dokyc AaHHOTO MCCIIEIOBAHUSI HANPABICH HA METOAOJIOTHIO 00yueHHs OJoK4YerH-TexHomorusM. Llens
WCCIICIOBAHUSl - BBISIBJICHHE OCHOBHBIX HAIIPaBICHUI NPUMEHEHHS OJOKYCHH-TEXHOJOTHH B CHUCTEME
oOpa3oBaHMs. 3a/1a4n UCCICAOBAHUS — W3YyYUTh CBOMCTBA, MPHUHIMIIBI OPTaHU3AIMU JTaHHBIX B OJIOKYEHH,
MMpOoaHAIIM3UPOBATE OCHOBHLIC HAIIpPaBJICHUSA NPUMCHCHUA 6HOK‘I€I>'IH'TGXHOHOFHI>'I B pa3JIMYHBbIX O6J'IaCT5[X
JeSITEIBHOCTH  YEJIOBEKa, Ha OCHOBE TMPOBEACHHOTO aHali3a BBIACIUTH OCHOBHBIE HAaIPaBJICHUS
UCTIONIb30BaHMsl OJIOKYCHH B 0Opa3oBaTENbHBIX IENAX. METOMONOrHs HCCIeNOBAaHHUSA 3aKIIIOYaeTCs B
KOHLIETITYJIbHOH MpopabOTKe TMOHATHA OJOKYEHH M OIpEAeIeHHs ero CBsA3ed ¢ OCHOBHBIMHU cdepamu
ACATCIIBHOCTH YCJIOBCKA, TPHUMCHCHUA 6J'IOK‘-I€I\/'IH'T€XHOHOI‘I/II\/'I B pPa3JIM4YHOI0 THUIIAa OpraHu3aluiax.
3HAYUMOCTh JTAaHHOTO HCCIIEIOBAaHMS JUIS HAayKH M OOINeCTBa 3aKIOYaeTcsi B TOM, YTO PeaH3yeTcs
npopaboTKa MOHATHS OJOKYEHH B KOHTEKCTE CHCTeMBI 0Opa3oBaHUs. Pe3ymbrar McciemoBaHus B paMKax
Z[aHHOﬁ Hy6JII/IKaHI/II/I OrpaHMYMBACTCA BBIABJICHHBIMU B3aUMOCBA3AMU IMOHATUA 6HOK‘ICI>'IH B O6pa30BaHI/II/I C
JOpyTUMH chepamMu IPUMEHEHHUSL.

KaioueBbie ciaoBa: OnokdeitH, OnokueiH-TeXHONOTHH, UH(poBH3aNMI OOpa30BaHUsA, OIOKYEHH-
TEXHOJIOTMH B 00pa30BaHUU.

C.H. Konesa®, M.E. Mancyposa?®
LAGaii ateigarsl Kazak YITTHIK TI€/IarOTUKAJIBIK YHUBEPCUTETi, AnMaTh K., Kazakcras,
2yn-Mapabu ateiHgars Kasak yITTHIK yHHBEPCHTETI, AnMarthl K., KazakcTan
BJOKYEMH TEXHOJIOTUSICBHIH BIJIIM BEPY MAKCATBIHIA KOJIJAHYFA
AHAJINTUKAJIBIK IHNOJIY

Anoamna

Byn 3eprreynmiH MakcaTbl OJIOKYEHH TEXHOJOTHMSJIAPBIH OKBITY OIICTEMECiHEe apHaiFaH. 3epTTeyaiH
MakcaThbl — OiTiM Oepy KyleciHie OJIOKUESHH TeXHOIOTHSIapbIH KOJJaHY IbIH HETi3r1 OaFbITTapblH aHBIKTAY.
3epTTeyaiH MiHIeTTEpPI OIOKYCHHIET IepeKTepAl YHBIMAACTHIPYIBIH KACHETTEPI MEH IPUHIUIITEPIiH 3ePTTEY,
aJaM KbI3METIHIH OpTYpii camanmapbiHna OJOKYeHH TEXHOJIOTHSIAPBIH KOJJIAHYABIH HEri3ri OarbITTapbiH
Tajjay JKoHEe Tanjay HerisiHae OJOK4YeHHNI KONAAaHYABIH HeTi3ri OarbITTapblH aHBIKTAy OOJBIN TaOBLIaIbL.
OiiM Oepy MakcaTbIHIa. 3epTTey ojicTeMeci OJIOKYEHH TYKBIPhIMIAMAaChIH TYKbIPhIMIaMaJbIK OHJICY/CH
JKOHE OHBIH aJ1aM KbI3METIHIH HET13r1 OarbITTaphIMEH OaiiJlaHBICHIH aHBIKTAY 1aH, OJIOKUEHH TEXHOJIOTHUsIIapbIH
opTYpJi yilbIMAapaa KoJAaHyJaH Typabsl. by 3epTreyaiH FbUTbIM MEH KOFaM YILiH MaHbI3AbUIBIFBI OJIOKUYEHH
YFBIMBIHBIH OiTiM Oepy *Kylieci KOHTeKCTiHe 3epTTenyinae. Ochl KapHusIaHbIM asICHIHJIAFbI 3ePTTEY HOTHKEC]
OiimM Oepyzeri OJIOKYEHH TYKBIPhIMJAMAchl MEH KOJJIaHY/bIH Oacka cayanapbl apachIHIarbl aHBIKTAJFaH
OaiflaHBPICTApPMEH MIEKTENe 1

Tyiiin ce3nep: Osokueiin, Onok4yeldH-TexHONOTHsIIAp, OimiM Oepyni uudpranaplpy, Oimim Oepyzeri
OJIOKUEITH TEXHOIOTHSIIAPHIL.
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1Abai Kazakh National Pedagogical University, Almaty, K azakhstan
2al-Farabi Kazakh National University, Almaty, Kazakhstan
ANALYTICAL REVIEW OF THE APPLICATION OF BLOCKCHAIN TECHNOLOGY FOR
EDUCATIONAL PURPOSES

Abstract

The focus of this study is on the methodology of teaching blockchain technologies. The purpose of the
study is to identify the main areas of application of blockchain technologies in the education system. The
objectives of the study are to study the properties and principles of organizing datain the blockchain, analyze
the main areas of application of blockchain technologiesin various areas of human activity, and, based on the
analysis, identify the main areas of use of the blockchain for educational purposes. The research methodol ogy
consists of a conceptua elaboration of the concept of blockchain and the definition of its connections with the
main areas of human activity, the use of blockchain technologies in various types of organizations. The
significance of this study for science and society liesin thefact that the concept of blockchain isbeing explored
in the context of the education system. The result of the research within the framework of this publication is
limited to the identified relationships between the concept of blockchain in education and other areas of
application

Keywor ds: blockchain, blockchain technologies, digitalization of education, blockchain in education.

OcHOBHBIE 110J105KEHU A

N3ydyenue cBOWCTB OJOK4YEHH, MPOBEIEHHBIA aHATUTHUYECKUNH 0030p 00NacTeil mpuMeHeHUus
OJIOKYCHH-TEXHOJIOTHI B PA3IMYHBIX O0JIACTSX JIEATSIBHOCTH YEIIOBEKA 3aCTaBIISCT 32 lyMaThCsl HaJ
T€M, KaKM€ U3 JTUX BONPOCOB MOXKHO MPUMEHHUTH B CUCTeMEe OOpa3oBaHUS B YCIOBHSX
1 dpoBHU3aIUM 00pa30BaHUs M KaK 3TO OTPA3HUTCS B IICJIOM Ha KauecTBe oOpa3oBaHus. BrIsBICHHBIC
HANpaBlIeHUs] TPUMEHEHUs OJIOKYEHH-TEXHOJOTHil ¢ cucteMe o00pa3oBaHUA W TOJTyYEHHBIC
pe3yabTaThl UCCIIEAOBAHUS MOITBEPKAAIOT HEOOXOIMMOCTh BHEIPEHUS 3TUX TEXHOJIOTUH B I1EJIOM B
cucTeMy OOpa3oBaHMsI U B OTHEJIbHBIE €€ CTPYKTYPHbIE KOMIIOHEHTBHL. JTO YCWIHUT HU(MPOBBIE
MPOIIECChl B CaMOM OOpa30BaHUU M TOJOKUTEIBLHO CKaXXETCS Ha TMOATOTOBKE CHEIUAIUCTOB U
KOHTpOJIe 00pa3oBaHusl.

BBenenue

B Tlocmanuu nHapony Ilpesunent K.-)K. TokaeB momyepkuBaeT, 4yTO HEOOXOIHWMO YIENAThH
MOBBIIIIEHHOE BHUMaHKE BOIpocaM u(pOBU3AIIMH U BHEIPEHUs HHHOBaIi [1]. 3a mociegHue ro sl
Kazaxcran Bomien B 4HCIO JIUJAEPOB MO UHIEKCY Pa3BUTHS (DUHAHCOBBIX TEXHOJOTHI BHEApPEHUS
WHHOBaWi Ha 6a3e cetn IHTepHeT B prHaHCOBOM oOnactu [2]. OaHO# 13 HarnboJsiee NepCrneKTHBHBIX
(MHAHCOBBIX TEXHOJIOTUN CUUTAIOTCS pAaclpeleNieHHbIe PEeecTphl, OAHHUM M3 BHJIOB KOTOPBIX
sBisieTcsl Onmok4eitH. BiokdeliH HaxoIWUT CBOE NMPUMEHEHHE B Pa3NUYHBIX cdepax, 0COOEHHO B
¢buHaHCOBOM U B chepe nHPOpMAIMOHHOM O6e3omacHocT. B mocneanee Bpems cdepa mpuMeHeHus
0JIOKUEHH-TEXHOJIOTHI TTOCTETICHHO paCIIUpseTCs: OJOKYEHH BHEIPSETCS B OT/ACIIbHBIC (PMHAHCOBBIC
WHCTPYMEHTBI, HUHCTPYMEHTBl T'OCYAApCTBEHHOIO YIIPABIEHUs, CTPaxoBaHWS M JAp. B ycioBusx
nudpoBuzanuu O0IIECTBA W BCEX OOJACTEH NEATETHHOCTH YEOBEKa, B TOM YHUCJIE U CHUCTEMBI
0o0pa3oBaHMs OCTPO CTOMUT BOIPOC BHEAPEHUS HU(PPOBBIX UHCTPYMEHTOB KOHTPOJS, OOeCTieueHUs
MPO3PAYHOCTH, 3AMUTHl JAHHBIX. ODTH BOMPOCH 3(PGEKTHBHO PEMIAIOTCS 3a CUET BHEAPEHUs
OIIOKYEHH-TEXHOJIOTHI, TTO9TOMY aKTyalbHO PacCMOTPETh BO3MOXKHOCTU MPUMEHEHUsS OIOKYEIH-
TEXHOJIOTHH C IIEJIbIO BBISIBUTH CBSA3HU ¢ 0a30BBIMH MOHATUSMU KOMIIBIOTEPHBIX HAYK U B JATbHEHIIIEM
BHEIpUTh MX B cdepy o0pa3oBaHUS KaK TEXHOJIOTHIO I(P(GEKTHBHOTO KOHTPOJS U HAISKHOU
0€301acCHOCTH.

B pamkax uccrnenoBaHus HaMH HW3Y4YeHBI OCHOBHBIC HAIMpPaBJICHHS MPUMEHEHHUs OJIOKYEHH 1O
chepam IESITEIBHOCTH U OCOOCHHOCTH €TI0 MCIOJIb30BaHUS B SKOHOMHUKE, yIpaBlIeHUH, (PUHAHCAX,
3/IpaBOOXpaHEHUH, JIOTHCTUKE, Oe3omacHocTu. Onupasich Ha CBOWCTBA U apXUTEKTYpy OJOKYEIiH,
chepsl X MPUMEHEHHUS B Pe3yabTaTe MBI IaNITHPOBAIN BO3MOXXHOCTH OJIOKUYEHH-TEXHOJIOTHI s

CUCTCMBI O6pa3OBaHI/I$I, peICHUSA PA3JIMYHOTO THUIIA MEAArOTrMYCCKUX H YIIPABJIICHUYCCKUX 3alad
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00pa3oBaHMsl, ONPENEIUIN CBA3M ONOKYEHH-TEXHOJIOTUH ¢ OCHOBHBIMH BHJAMM Iearornyeckon
NEeSITeIbHOCTH B YCIIOBUSX LU(PPOBU3aLIUU 00Opa30BAHHUS.

B pesynbpraTe nccienoBaHus, NPUXOAUM K BBIBOJY O TOM, YTO €CIM B cUCTEMY 00pa3oBaHUS
BHEJPUTH OJOKYEHH-TEXHOJIOTUH, TO YIPaBJICHHUE PA3IUYHOIO TUIA JAHHBIMU B OOpa30BaHUU
(HampuMep, XpaHEHHE MEePCOHATBHBIX TaHHBIX, BbI1aya TOKYMEHTOB 00 00pa30BaHuU, MTyOIHKAIIHS
y4eOHBIX KYpCOB Ha pa3iMYHbIX 00pa30BaTeNbHBIX IIaTGopMmax, pazaudHblie (HOpMbI 00ydeHUS
TaKye KaK IepCOHAIN3UPOBAHHOE, TUCTAHIIMOHHOE 00yueHHe 1 MHOTOE Jpyroe) OyaeT 6e301acHbIM,
MIPO3payvHbIM, JICIICHTPATM30BAHHBIM U KakK clieicTBUE 3(p(PEeKTUBHBIM.

MeTtoao0rus uccjae0BaHUA

KoHncratupyrommii 3Tanm 3KCIEpUMEHTaNbHOM paldoThl mpoBoiawics Ha 0aze Kaderpsl
HckyccrBennoro unteiviekra u Big Data dakynprera MabopmannoHHbix TexHosoruii Kazaxckoro
HallUOHAJILHOTO yHHMBEpCcUTeTa HMeHH anb-Papabu B 2023-2024 romax moa PYKOBOJACTBOM
3aBenyromei kadeapoi, k.¢.-M.H., morentra M.E. MancypoBoii. B pe3ynbTare KOTOpOoro ciaeian
aHaJIu3 UCIIOJB3YEMBbIX HH(OPMALIMOHHBIX TEXHOJIOTHI B pa3IMYHBIX BUJAX JA€ATEILHOCTH Kadeapbl
MCKYCCTBEHHBIN MHTEIICKT u Big Data: yueOHbIi mporiecc, HaydHO-HUCCIICAOBATEIbCKas paboTa,
KOHTPOJb Y4eOHBIX JIOCTHKEHUH, ymnpaBieHue kabeapod u ap. ABTopamMu  pabOTHI
poaHaaIu3upoBaHbl oOpasoBatenbHbie mporpammbl (OIT) OGakanaBpuara «MuTepHeT Bemed u Big
Data» (6B07113 — HuremiekTyalbHble cucTeMbl yrpaieHnus, 6B06107 — Hayka o maHHBIX,
6B06104 — KoMmmploTepHBIC HAYKW) U MAarucTparypbl «MammHHOe 00ydeHNEe W aHAIU3 JaHHBIXY,
«busuec anamutrka u Big Data» (7M0712 — UuTeiekTyalbHble CHCTEMBI YIpaBjieHus). B xome
WCCJICTIOBAHMS BBISBIICHA BO3MOKHOCTh pacIIupeHus coaepxkanus 6a3oBeix qucrurumH OIT 3a cuer
BKJIFOUEHUS TEM, CBSI3aHHBIX C MOHATHEM OJOKUYEIH, €ro MEeTO/1aMH, 00JIaCTAMU TPUMEHEHHUSI, U/ UITH
BO3MOXXHOCTh BBEJICHHUS CAaMOCTOSITEIILHOTO Y4eOHOrO Kypca, OpPHEHTHPOBAHHOTO Ha HM3ydeHHUE
OCHOB OJIOKYEHH-TEXHOJIOT .

PesyabTaTsl HcciienoBanus

0630p numepamypwi

OpHOll W3 TEpBOOYEPENHBIX 3aJad JAaHHOTO HCCIIENOBaHMUS SIBISIETCd KOHLENTyalbHast
npopaboTKa MOHATHUS OJIOKYEIH U ONPeIeTIeHUs €r0 CBA3€H ¢ 6a30BBIMU MOHATUAMU KOMITbIOTEPHBIX
Hayk. B pamkax maHHOW cTaTbl MBI OTPAHUYHMMCS CIEAYIOIIMMU TIOHATUAM OJIOKYEHH,
MIPUBEICHHBIMU B HAYYHO-TEXHUYECKON JIUTEpaType:

- «BBICTPOEHHAsI IO OIpEeJIeIEHHBIM NTPaBHIaM HeNpepbIBHAs OcIe10BaTeIbHas [IeTo4Ka OJIOKOB
(CBSI3aHHBIH CITUCOK), COIEPIKAIINX KaKyo-1100 nHpopmarmtoy» (//ru/Wikipedia.org/wiki/Broxueiin);

- «audpoBas 6aza NaHHBIX, coepxaias WHPOpMaIuUio (HampuMep, 3amucu O (UHAHCOBBIX
TPaH3aKIIKAX ), KOTOPYIO MOXHO OJJHOBPEMEHHO MCII0JIb30BaTh 1 COBMECTHO UCIIOJIb30BaTh OOJIBIION
JeLeHTpaIM30BaHHON 00mmenocTynHoi ceThio» (hhtps:// Merriam-webster .convdictionary/blockchain );

- «3TO YCOBEpUICHCTBOBAHHBIN MeXaHU3M 0a3bl JIaHHBIX, KOTOPBII I0O3BOJISIET OPraHU30BaTh
OTKPBITHI 00MeH uH(popMaIiei B pamkax ousHec-cetn» (https:/ aws.amazon.com);

- «pacrpeeneHHbI TU(POBOI peecTp KpUNTorpapruuecku MOoANUCAHHBIX TPaH3aKIHil, KOTOpbIE
crpynmnupoBanbl B 0s1oxu» (https:// csrc.nist.gov/ glossary/term/blockchain_technolody);

- «OTO COBMECTHBIW, YCTOWYMBBIA K B3JIOMY pEECTp, KOTOPBIM XpaHUT TPaH3aKIMOHHbIE
3armucuy (https://nist.gov/blockchain);

- «@T0 (opma TexHONOTHH pactpeaenenHoro peecrpa (DLT), koropas obecneunBaeT
OecrpelieICHTHBIN MOTEHLMAN AJIsl YCTPAaHEHUs OCPETHUKOB, TTO3BOJISISL YYACTBYIOIIMM CTOPOHAM
0oOMEHUBAThCS HE TOJNIbKO HMH(OpManuel, HO U IEHHOCTAMU (JAeHbraMu, KOHTpaKkTaMH, IpaBaMu
coOcTBEHHOCTH) 06€3 HEOOXOJMMOCTH JIOBEPATH KOHKPETHBIM, 3apaHee OIpeIeIeHHBIM OCPETHIUKAM
(HarrpuMep, OaHKH WK cepBepbl)» [3];

- «MH()OPMAIMOHHO-KOMMYHHUKAIIMOHHAsT ~TEXHOJIOTUS, O0ecleuynBaronias HEU3MEHHOCTh
nH(pOpMalUK B pacHpeeIeHHON miuaTgopMe JTaHHBIX Ha 0a3e LEMOYKH B3aMMOCBSA3aHHBIX OJIOKOB
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JIAHHBIX, 3aJJaHHBIX AJITOPUTMOB TOJTBEPKICHHS IEIOCTHOCTH U CPEACTB MIU(ppoBaHus» [4]
ap. [5-6].

Panee Ha OCHOBaHMHU BBIIICTICPEUHCICHHBIX OMPEACIICHUN MOHITHS «OJIOKYEHHY, TPOBEIEHHOTO
JUTEpaTypHOro 0030pa B paMKax MEPBBIX 3TAIllOB HCCIIEIOBATEIbCKON paboThl ObUIM BBIIEIICHBI
HanOoJIee 3HAYUMBIC «OPTOTOHAITBHBIC) ONpeAeIIeHUs OJOKYCHH, B PE3yJIbTaTe Yero Mmojay4eH Habop
«OPTOTOHAIBHBIX» OMPEEICHUIN MOHATHS «OJIOKICHHY. [|JIsl TOCTPOEHUS KOHIIENTYaIbHON PEIIETKH
MOHATHSI OJIOKYEWH BBIACIICHBI 3JIEMEHTHI ()OPMaThbHOTO KOHTEKCTa, HAa KOTOPHIX M ObllIa TOCTPOCHA
pemrerka. TakuMU SIEMEHTaMU SIBIISIIOTCS KPUIITOBATIOTHI, cMapT-KOHTpakThl, NTF, Mexanu3msr
KOHCEHCYyca U JIp.

O0630p JuTepaTyphl BBIIBHJI OCHOBHBIC OO0JacTH IPUMEHCHHS OJOKYCHH-TCXHOJIOTUH B
pa3IMyYHbIX cepax NesTeIbHOCTH YelloBeKa: (PMHAHCHI, TOPTOBIIS, JIOTHUCTHUKA, 3eMEJIbHBIA peecTp,
CTPOUTENBCTBO, TOJIOCOBAHUE, 3IPABOOXPAHEHHE, MYJIBTHUMEAA, PA3BICUCHUS, OSJIECKTPOHHOE
MIPaBUTENBCTBO, 0€30MaCHOCTh. BONBIIMHCTBO JIMTEPATyphl MOCBAIEHO MPUMEHEHUIO OJIOKYEIHH B
(bMHAHCOBOH JIEATEIHPHOCTH: (PMHAHCOBBIC ONIEPAIMH, HHICHTU(UKAIUS ITOJTh30BaTeNIeH 0aHKOBCKOM
CUCTEMBbI, TPaH3aKIMH, KPUIITOBAIIOTA, WHBECTUIIMHU, OUpKa, IJIATEKHBIE CUCTEMBI U 1p. Takoit
OOLIMPHBIA CHEKTP NPUMEHEHHS OJIOKYCHH-TEXHOJIOTMH BO3MOXKEH 3a CUET JCICHTpaIU3alluu,
HEU3MEHHOCTH M KOHCEHCyca CaMOW TEXHOJIOTHH, TaKKe 3a CYeT OCOOCHHOW apXHUTEKTYyphl
OJIOKYCITHA, B COCTaB KOTOPOU BXOMIST CMapT-KOHTPAKTHI U 0€30ITaCHOCTb.

Hanpaenenus ucnonvzosanus O10Kueln-mexHoi02ull 6 00pa308anuu

AHanM3 pa3InIHBIX HCTOYHUKOB 110 TEME UCCIICOBAHMSI TTO3BOJIHII BBIJICIIUTH OCHOBHBIC 00JI1aCTH
MPUMEHEHUS OJIOKYEHH-TEXHOJOTHH: (PUHAHCHI, TOJOCOBaHHE, JIOTMCTHKA, 3paBOOXpaHEHHE,
obpa3oBaHue, 6€30MacHOCTb (PUCYHOK 1).

[ Jomees
COBAaHHUC ‘-

-‘ 3IPaBOOXPaHECHUE
o0pa3oBaHHe ‘
0e301acHOCTb ‘

Pucynox 1. Ocnognvie obnracmu npumerenusi 610K4elH

PaccmotrpuM  moapoOHO TpUMEHEHHWE BO3MOXKHOCTEH OJOKYEHH-TEXHOJIOTHH K CHUCTEME
00pa3oBaHus ¢ MO3UIHH () (HEKTHBHOCTH, TPO3PAYHOCTH U O€30MacHOCTH [7]:

1. Aymenmughuxayus: npUMEeHEHHE IJIS MPOBEPKU MOJJIMHHOCTH JAMIIJIOMOB, CEPTU(PHUKATOB,
o0ecrieueHre JOCTOBEPHOCTH JOCTHMKEHHMM ydamuxcs, 6oprba ¢ Qanbcudukamnmeir, KOHTPOIb U
yIpaBiieHUE MEPCOHATBLHBIMU JaHHBIMHU, HA/IEXKHOE XpaHEHUE TaHHBIX, IPEOCTaBICHHE JOCTYyIa.

2. Tpancnopenmnocms: CO3JaHHE TMPO3PAUYHBIX CHUCTEM OTCIECKHUBAHUS YUEOHBIX TOCTHXKEHUI
o0yJaembIX, 3alUCH O BBIAAYM CEPTUPHUKATOB, TUILJIOMOB, OOphOa C TMOIACIKOW JOKYMEHTOB,
aTTeCTaTOB, TUTIJIOMOB.

3. locmyn Kk obpazoeamenvHoMy Koumenmy:. co3laHue TutarGopM oOMeHa y4eOHBIMHU
MaTepuagamMH, KypcaMmH, paclpelneieHne Y4eOHBIX MaTepHalioB, MX JOCTYMHOCTh, CO3JaHHE
mnaTthopM o0ydeHus, Tae y4eOHbIe MaTepHallbl PAaCTpeeieHbl W JOCTYIHBI, TOCTYIMHOCTh Oe€3
MIOCPETHUKOB, PacIpOCTpaHEHHE KypPCOB;

4. Vnpasnenue yueonvimu pecypcamu: >PGEKTUBHOE paclpeiesieHne Yy4eOHBIX pecypcoB,
O6ubIMoTeK, yueOHBIX Tab0paTOpUii, KOMIBIOTEPOB,

5.@unancuposanue: omnara 3a o0ydeHue, oOecrieueHWe MPO3PAYHOCTH U OE30MACHOCTH TPHU
pacmpesieneHuu TpaHToB, dG(eKTUBHOE yIpaBieHne (PUHAHCOBBIMU MTOTOKAMHU.
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OTnenpHO BBIACTUM BO3MOKHOCTH OJIOKUEHH JIJIS pEIICHHS TeJarOTMYeCKUX 3a1adu:

1. Obpamunas ceéa3b: OCYLIECTBICHHWE MPO3PAYHOW OOpPAaTHOM CBSI3U MEXKAY Y4aCTHUKAMHU
00pa30BaTeNbHOTO MPOIIecca, OICHUBAHNE, KOMMEHTAPUH.

2. l[lepconanusuposannoe obyuenue: XxpaneHue napopmaiuu o0 HHTEpecax 00ydaeMbIX, YPOBHE
3HAHUW, BO3MOKHOCTH CO3JJaHUS HHIUBUyaTbHOU TPACKTOPHH O0YUCHHSI.

3. Aucmanyuonnoe ooyuenue: co3laHue JEIEHTPAIU30BaHHOM I1aT(HOPMBI, TPOBECHHE 3aHATUI
0€3 IOCPETHUKOB.

4. [[ugpposas epamomnocms: pa3BUTHE UGPOBON IPAMOTHOCTH, PUMEHEHNE WHHOBAITMOHHBIX
METOJIOB XpaHeHHsI UH(DOpMALIUH.

5. AOmunucmpuposanue npoyeccog: y4eT MOCEIIaeMOCTH, paclpeesieHHe YUeOHbIX PECYPCOB,
IJIAHUPOBaHUE y4eOHOTo mporiecca, IuGpoBbIe OSH KU, CEPTUPHUKATHI.

6. Omuemnocmys: IPO3PAYHOCTH U JOCTOBEPHOCTHh OTUETHOCTH B TIEIarOTUYECKOMN IEeATEeIHbHOCTH,
y4eOHBIX JOCTHKCHUH.

[lepeuniciieHHBIE TPUMEPHI  IIOKA3bIBAIOT, YTO NPHUMCHCHHEC OJOKYCHH-TCXHOJOTHH B
MeJarornyeckou NEesTENbHOCTH CYIIECTBEHHO MOKET MOBBICUTH 3PPEKTUBHOCTD, MPO3PAYHOCTH U
6e30macHOCTh y4yeOHOTro Iporecca. ITH CBOMCTBA JETAOT OJOKYEHH HYKHBIM HHCTPYMEHTOM JIJIS
pelIeHus pa3InYHbIX 3a7a4 00pa3oBaHUsl.

Jackyccens

PesynmpTaThl TIpPOBENEHHOW  MCCIIENOBATENBCKOM  PabOTHI  MOATBEP)KAAIOT  AKTYaJbHOCTh
pacupenust cdepbl NPUMEHEHHsS OJOKYEHH-TEXHOJOIMM, BO3MOXXHOCTH M HEO0OXOAMMOCTbH
BHEJPEHUS KOMIIOHEHTOB OJIOKYEMH B pa3jMuHble BUJbI JESATEIIBHOCTH B CUCTEME OOpa30BaHUS.
EcrectBeHeH TOT (akT, uYTO Takoe pacmdpeHue TpeOyer crneuuanbHoil noaroroBku UT-
CHELMAIMCTOB I CUCTEMbl 00pa3oBaHMs, BIAJCIOIIMX METOJAaMU U MHCTPYMEHTAMHU OJIOK4YEHH-
TEXHOJIOTUH, CIIOCOOHBIX MHTEIpUPOBAaTh 3HAHMUSA O OJIOKYEHH JUIs pelleHUs Nelarormyeckux U
YIpaBIEHYECKUX 3a]1a4.

B To Bpems, kak B Kazaxcrane Benach paboTa 1mo nuppoBU3aLUN CTPAHBl B paMKaX MPUHATHIX
l'ocynapcrBennbix mporpamMm «MHpopmannonnsnii  Kazaxcran - 2020»  (2013), «{udposoii
Kazaxcran nHa 2017-2020 r.r.» (2017), B TOM 4ucie MO BHEIPEHUIO HU(POBBIX TEXHOJIOTUH B
oOpa3oBaHue: (OpMHpPOBaHHME YCIOBMM M co3laHus M (YHKIUOHUPOBaHUS LUGPOBOI
00pa3oBaTeNbHON Cpefibl, YCHJIEHHE CBSA3HM OYHBIX M CETEBBIX (pOopM 0OyueHHMs, EPErnoAroToBKa U
MOBBIIIEHUE KBATU(UKALNUY ydnuTeaeH s QyHKIMOHUPOBAaHUS CUCTEMBI IM(PpOBOro 00pa3oBaHUs
U JIp. B psijie 3apyOeKHBIX CTpaH yke HaOro1ancs nepexo] OT MPUMEHEHUs 00JIaYHbIX TEXHOJIOTHHA
B 00pa30BaHUU K MPUMEHEHUIO OJIOKYEHH-TEXHOIOT UM,

[lepBbIM YHMBEPCHUTETOM IO HCIIOJIB30BAaHUIO BO3MOXKHOCTEH OJIOKYeH B 00pa30BaHUU
cuntaercs Kunpcekuii Yausepcuret Hukocuu (I'peueckuit Kump) (https:.//www.unic.ac.cy/). C 2013
roga B 3TOM YHHMBEpPCUTETE BO3MOXHO OIJIauMBaTh oOOydeHue OutkoitHamu, ¢ 2017 rona
HCIOJIb3YIOTCS. MaccoBble OTKphIThie OHJaiH Kypchl (MOOK) na 0a3ze OnoK4eHH-TEXHOJIOTHIA,
co3J1aH OJIOKUEHH-PEerucTp, o0paTHasi CBsI3b MEXy MPENojaBaTeieM U CTyIEHTaMU OCYIECTBIISAETCS
yepe3 6mokyeitH. Cerogus B YauBepcurere Hukocuu @pynkunonupyer MccnenoBarenbckuii IEHTP
OJI0KUEHH-TeXHOJIOTUH, B LIeHTpe OTKpbIT MHcTuTyT Byaymiero, onHuM 13 HampaBieHUI KOTOPOTO
sBstoTCs OnokueitH-TexHoaoruu. C 2018 roga B MaccadyceTCkoM TEXHOJIOTHIECKOM YHUBEPCUTETE
(CHIA) (http://www.mit.edu/) u T'ocynapctBerHOM MenbOypHCKOM yHHBepcuTeTe (ABCTpains)
WCIIONB3YETCsl CUCTEMa HMHU(POBBHIX JWIUIOMOB Ha 0Oa3e OjokYeiH. B »Tux yHuBepcurterax s
MarucTpaTypsl IO HAalpaBJIEHUIO MOJATOTOBKM B 00JacTH (DUHAHCOBBIX BBEJACHA MOATOTOBKA
«brnokueitn u uudposas BamoTay, B oOnactu uHXeHepun «KommbroTepHas Hayka co
crienuanusanueil B kubep0e30mnacHOCTH, MOOMIIBHBIX CUCTEMAX MU OJIOKYEHH-TEXHOIOTHSIX .

B 2023 rony B Acrana IT YHuepcurere paspadorana OIl mukpoxBanudukanuu «biaokueitn
pazpadotuux» [8]. B KasHY nmenn anp-dapadu Ha kadenpe MckyccrBennsiii naTesuiekT u Big Data
BeJIeTCs paboTa 1o pa3paboTKe TEMAaTUYECKUX KapT HOBBIX 00pa30BaTeIbHBIX IPOrPaMM MOATOTOBKU
CIELIUAINCTOB B 001acTH OJIOKYEHH: OJ0KYeHH-pa3paboTunk «brokueitH-pa3paboTkay, CeHAIUCT
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[0 3alIUTe JaHHBIX B OnokuelH cersix «Kpuntorpadus B Onokdeiin». B xome mpoBemeHHOTrO
UCCIIEIOBaHMsl ObUIM OINpeAeNeHbl TMOAXOAbl K H3YyYEHHUIO OJOKUEHH-TEeXHOJIOTHH B paMKax
nerictByronux OIT Ha dakynbTeTe MHDOpMAIMOHHBIX TEXHOJOTHIA U IPYrUuX Kadeap GpakynbTeTa.

B oOpaszoBarenpHbIX NporpamMmax JUisl yuuTened HHPOPMATHKH B IEAarorH4ecKux By3ax
OJIOKYEHH-TEXHOJIOTUH HE MPEJICTaBICHbI OTAEIBHBIM KypcoM. O0IauHbIe TEXHOIOTHH, TEXHOJIOTHU
HCKYCCTBEHHOT'O MHTEIIJIEKTa, IHTepHeT-BelIeil MOCTeNeHHO HHTETPUPYIOTCS B OJIOKYEIH-CETH, UTO
MOJTBEPXKIACT emme pa3 (pakT HeOOXOTUMOCTH NPUMEHEHHUsI OJOKYECHH-TEXHOJOTHH B Pa3IMYHBIX
obmacTsix cucteMbl oOpa3oBaHusa. B mocinenHue Troxbl B IMPOLECC IOATOTOBKH Y4HTENEH
uHpopMaTuku U poOOTOTeXHHKH B KazaxckoMm HalMOHaJIbHOM MEJarornyeckoM YHUBEPCHUTETE
uMeHu Abas Ha xadenpe MudopmaTnku u MHGOpMATH3AUU OO0pa30BaHUS IO PYKOBOJCTBOM
3aBeAyome kadeapoi, K.I.H., accomuupoBaHHoro mpodeccopa H.T. OmanoBoit yupensercs
BHUMaHUe IUGPOBbIM TexHoNOTHsM «4.0 Mumycrpum» [9]. OmHuM W3 3adMHaTe]el BHEIPCHHS
uupposbix TexHoioruil «Munyctpun 4.0» B memarorudyeckoe oOpa3zoBaHHE sBIETCS Hpodeccop
kadenaper gokrop mnemaroruueckux Hayk E.bl. bumaitbexo [10]. Ilpu ero HemocpeacTBEHHOM
y4aCTHH TPOBOJATCS pabOTHI MO BHEAPEHHUIO B CHCTEMY 00pa3oBaHUsA OOJaYHBIX TEXHOJIOTH,
UMMEpPCHUBHBIX TexHojoruii u ap. B OIl moaroroBku Oymymmx y4uTelned WHPOPMATHKH TIO
cnenuaiabHoCcTIM «6B01506 — HMubopmaTukay, «6B01509 - MHbopmaTtrka U poOOTOTECXHHKAY,
«7M01509 — Iludposoii memgaror» BKIOUYEHBI Kypchl «O0iadnble TexHOJNIOTHHY», «OO0NauHble U
Mo6unbHbIe Texunomorum» [11-12], «OcHOBBI HMCKyccTBeHHOro uHTeekTa» [13], «Pa3paborka
Wnrepuer-seweity [14]. C 2020-2021 yueOHOro roma B MOAroToBKY MaructpantoB OIl
«7M01507 - Undopmartuka» BkItoUeH Kypc «boubliue AaHHble U MalmIuHHOE oOydeHuey, B 2023
rogy B OIl «7/M01509 — Ludposoii memaror» BKIOYEH Kypc «MammHHOE OO0y4YeHue B
oOpazoBanum». Omnupascb Ha ONBIT B 00JaCTH MAIIMHHOTO oOOy4deHuss mpodeccopoB
P.1. Myxamenuesa [15] u H.1O. 3onotsix [16], B coaepkaHiu AUCIMIUIMH IJIs1 MATUCTPATYPhI ObLIa
MpeaNpUHATa MOMbITKA K.I.H., U.0. mpodeccopom kadenpsl MubopmaTtuku u uHopmaruzanuu
obpazoBanus C.H. KoHeBoil paccMOTpeHHsS BO3MOXHOCTEH CHCTEM MAIIMHHOTO OOYYCeHHS |
OOJBIINX JAHHBIX JUIA cUCTeMbl oOpazoBanus. B 2024-2025 yueOHOM roay B MOATOTOBKY BCEX
yunrtenen-npeametnukoB B KasHIIY wum. AGas BBemeH kypc «OCHOBBI HCKYCCTBEHHOTO
WHTEJJIEKTay, JOMOIHUTENBHO TIpeiaraeTcs Kypc-muHop «Pa3pabotka MHTepHET-Beeii».

Taxum oOpa3om, Mbl BUAMM, YTO MOCTENIEHHO cucTeMa 00pa30oBaHMsI MEPEBOAUT CBOM (OKYyC K
OnokueiiH-TexHosorusiM. EctecTBeHHO, cdepa oOpa3oBaHus Hyxkaaercs He Toiabko B UT-
crenuanucTax B o0nacTh OJOKYEHH-TEXHOJIOTMH, HO U B IeJarorax, CIOCOOHBIX BHEAPSATH 3TH
TeXHOJOTUU B cdepy oOyueHuss U BOCIMTAHUsS, yIpaBieHHs MU KOHTpois. Kak crienctBue
norpedyeTcss TeMaTHdeckass KapTa MOJArOTOBKM Oyaymux ydurtened HHGOpMaTUKU B 00IacTH
BHEIPEHMsI OJIOKYEHH B CUCTEMY 00pa30BaHMs.

3aki0yenne

B pesynbraTe HaMu BBISIBJIEHBI OCHOBHBIE B3aWMOCBSI3M MOHSTHS OJOKUYEHH B 0Opa3OBaHUU C
ApyrumMHu  cepaMu MpUMEHEHHs 53TOM TEXHOJIOTUH, ONpeJeNieHbl HalpaBJIeHUs] BHEIPEHUs
OJI0KYEeHH-TEXHOJIOTHI B 00pazoBaTenbHyI0 chepy. ONbIT BeIyIIUX MUPOBBIX BY30B IEMOHCTPUPYET
Ha MpaKTHKEe MPUMEHEHHE BO3MOXKHOCTEH OJOKUEHH K cucTeMe 00pa3oBaHHs, BO3MOXKHbBIE MYTH
BHEJPEHHUS, KOTOpPbIE MOTYT OBITh aAANTUPOBAHBI /ISl BCEX YPOBHEH 00pa30BaHus, U UCIIOIb30BaHbI
B OOJIBIIMHCTBE BUJOB 00pa30BaTEIbHON JEATENbHOCTH. BhIsSBICHHBIE HANpaBiIeHUs TPUMEHEHHUs
OJIOKYEeHH-TeXHOJIOTH B  o0Opa3oBaHMM TpeOYyIOT OT CHCTEMBbI BBICHIETO 00pa3oBaHUS
OCYILECTBIICHHSI TOATOTOBKH CIIELUAIMCTOB, KOTOpPBIE TITyOOKO pa30uparoTcsi B MeTo1ax OJIOKYeHH-
TEXHOJIOTUI M yMEIOT MX MPUMEHSTh B Pa3IM4YHBIX cdepax AesTeIbHOCTH. B CBA3M ¢ 3THUM Ha
¢dakynprere MHpopmanmonnsix TexHodoruid B KasHY wumenn anp-®apabu Ha kadenpe
WckycctBennblit uHTeUIekT W Big Data Bemercss paboTa Mo MOATOTOBKE OTKPBITHS HOBBIX
oOpa3zoBaTenbHbIX TporpamMm «biokueitH-pa3zpabotka» u «Kpunrtorpagus B O0OKYelH», Kak
pe3yNibTaT MOATOTOBKA BBICOKOKBATM(HUIIMPOBAHHBIX CIELUAINCTOB, [UIsl Pa3iHYHBIX cdep
nesaTenbHOCTH ((puHAHCHI, IUQpPOBas HKOHOMMKA, KpeaTHUBHAas HHIYCTPUS, TOCYIapCTBEHHOE
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yIpaBJIeHUE), B TOM 4Hcle W oOpa3oBaHus. B CBOIO odepenpb MeqarorH4eckuM By3aM CIEIyeT
oOpatuth cBOM (HOKyCc Ha OIOKUYEHH-TEXHOJOTHIO U MO BO3MOXHOCTH PACCMOTPETh MX H3yueHHUE
CTYJAEHTAMH ME€Jarornyeckux crennaibHOCTEN.
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JlanHoe uccnenoBanue puHaHcHpoBanoch KoMuterom Haykn MuHHCTEpPCTBA HAYKH U BBICILIETO
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ORGANIZATION AND CONDUCT OF PHYSICAL EXPERIMENTS:
FEATURES OF VR TECHNOLOGY APPLICATION

Abstract

Today, it isimportant to organize and conduct physics experiments at a high modern level. Practices based
on phenomena and laws from physics include not only theoretical knowledge, but also practical skills.
However, the need for expensive equipment that requires time and safety measures when performing
traditional laboratory work in the field of physics causes difficulties. It also limits the possibility for students
to comprehensively study physical patterns during practice. The use of VR (virtual reality) technology in the
organization and conduct of physical experiments will eliminate these problems and make a significant
contribution to achieving learning outcomes. VR technology creates conditions for students to conduct
experiments without hazardous materials and complex equipment. This, in turn, makes the activities in the
educational process more optimal and safe. In this sense, the main ideaand purpose of this study isto determine
the features of the use of VR technology in teaching physics, effectiveness in achieving learning outcomes.
The study examined exampl es of teaching some complex physics topics and determined the impact of VR on
the assimilation of the topic, the possibility of improving the learning outcomes of laboratory classes. In the
course of implementing the research objective, research methods were used: meta-analysis, questionnaires,
mathematical and statistical analysis, etc. The results of the study showed the methodological features of the
use of VR technology in physical experiments and the effectiveness in improving learning outcomes with ease
of mastering the topic. In addition, at the end of the pedagogical study, the students expressed a desire to
increase their interest and motivation in learning using VR technology.

Keywor ds: physical experience, virtua readlity, learner, VR technologies, educational process, conducting
experiments.
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1 K.A.Scayu atbinnarsl XanslKapalblK Ka3ak-Typik yausepcuteti, TypkicTan K., Kazakcran
2A6ait ateiHnarsl Ka3ak ¥JITTHIK Me1arOrMKaiblK yHHUBEpCUTETi, AnMarthl K., Kazakcran
OU3UKAJBIK TOKIPUBEJEPAI YUBIMJIACTBIPY JKOHE OTKI3Y:

VR TEXHOJIOTUACBIH KOJAAHY JAbIH EPEKIIEJIIKTEPI

Anoamna

Byriari Tanma ¢usuka mnoHI OoOMbIHINA ToxipuOenepai 3amaH TajgaOblHA call JKOFaphbl JCHIeIe
YHBIMIACTBIPY JKOHE OTKI3y MaHBI3IbI OOk TaObuTaabl. PU3KMKa aH KyObIIbICTAp MEH 3aHIAapFa HET13/1e)ITeH
TOKIpOUeNnep TeOPHUsIIBIK OUTIMIII FaHA KAMTBIMAM I, IPAKTHKAIBIK, JaFabLIap/p 1a YIITACTRIpaabl. Anaiina,
¢u3nKa canachlHJIAFBl JIOCTYPJI 3epTXaHANBIK JKYMBICTApbl ICKE achlpyja KbIMOArT KaOabIKTap/blH
KaXETTIIr, YaKbITThI KOHE KayilCi3AiK MapajapblH Tajlal eTeTiHAIr KUBIHABIKTap Tyasipaasl. CoHmai-axk,
TOXiprOe GapbIChIHAA (PU3UKAIBIK 3aHABUIBIKTApb! OLTIM amyIbUIapblH XKaH-KaKTbl 3epTTeY MYMKIHIITiH
mekreiai. VR (BUpTyanibl IIBIHABIK) TEXHOJOTHSCHIH (U3UKAIBIK TOKIpOHenepai YHBIMAACTHIPY MEH
OTKi3y/le KoijaHy OyJI meyTeysaep/i *OUBIN, OKy HOTIKENIepiHe KOJ XKEeTKi3yAe eneyii yinec Kocambl. VR
TEXHOJIOTHSICHl OiTiM anylmbuIapAblH KayinTi MaTepHajlapchi3, Kypleni aOAbIKTapchl3 Taxipubenepmi
KYprizyiHe karai sxacaiipl. byl o3 ke3erinyie oKy yaepiciHler ic-opeKeTTep 1l OHTaNIIbI opi Kayilci3 eTe.
Ocbl TypreITaH OYJ1 3epTTEY/AiH HETi3ri HIesicbl MEH MakcaThl VR TEXHOJOTHSCHIH (DU3MKaHBI OKBITYIA
KOJIIaHY/IBIH €PEKIIETIKTEPiH, OKY HOTKEIISPIHE KOJI KETKi3yIerl THIMIUIITiH alKbpIHAAY OOJIBI TaObLIA bL.
3eprreye Gu3nKaHbIH KeiOip KypIei TaKbIPBITapbIH OKBITY MBICAIIAPHI KAPACTHIPBHUIBI dKOHE TAKBIPBITITHI
MeHrepyeri VR acepi, 3epTxaHajblk cabaKkTapIblH OKY HOTHIKEIEPIH dKaKcapTy MYMKIHAIKTEPl alKbIHIAJIbI.
3epTTeyaiH MaKcaTblH iCKe achlpy OapbICBIHAA MeETa-aHallu3, cayajlHaMa, MaTeMaTHKaJIbIK-CTaTHCTUKAIIBIK
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Tajmay JkoHe T.0. 3epTTey oJicTepi KONMAHBULABL 3epTTey HoTmkenepi VR TexHonorusacelH (usmuka
ToXipOMenepinae KONIaHYIABIH SIICTEMENIK epeKIIeTNIKTepiH JKOHE TAaKBIPBINITHI JKEHIT MEHTepil, OKYy
HOTHKEJICPIH XKaKChIPTYIaFbl THIMALTITIH KepceTTi. COHBIMEH KaTap, MeAaroruKaibIK 3epTTey COHbIHA O171iM
anymbsuiap VR TEXHONOTHACHIH KOJJaHY apKbUIbl, OKyFa JIETE€H KBI3BIFYIIBUIBIFEI MEH MOTHUBAIUSIIAPHIH
KYIIenTe arranaapbiH OUTIipIi.

Tyiiin ce3nep: dm3ukanbk Toxipuoe, VR TexHomorus, BUpTyanasl mbeHABK, 3D Moxen, oKy yzaepici,
O17iM amynisl.
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OPI'AHU3ALUA U TPOBEAEHUE ®U3NYECKHUX OIIBITOB: OCOBEHHOCTH
INPUMEHEHHNS TEXHOJIOI'UHU VR

Annomayus

Ha ceromusmHuii neHb BaKHBIM SIBIISICTCS OPraHM3alis M INPOBEICHHE SKCIEPUMEHTOB IO (hU3MKE Ha
BBICOKOM COBPEMEHHOM ypoBHE. [IpakTHKH, OCHOBaHHbIC HA SIBICHUSIX W 3aKOHAX M3 (PM3HUKH, BKIOYAIOT HE
TOJILKO TEOpETHYECKHE 3HAHHS, HO M TMpaKTHYecKhe HaBbIKU. OIHAKO HEOOXOIUMOCTH TOPOTOCTOSIIETO
000pyaoBaHMs, TPEOYIOIIEro BpeMEHH! 1 Mep 0€30I1aCHOCTH IPH BHIITOJHEHUH TPaJAULIHOHHBIX Ja00PaTOPHBIX
pabor B obmacTH (U3UKH BBI3BIBAET TPYAHOCTH. Takke OrpaHMYMBACT BO3MOKHOCTH BCECTOPOHHEIO
W3yUYeHHSI 00YyJaIOMIMMUCS (PUINUECKUX 3aKOHOMEPHOCTEH B X0/1€ MPaKkTUKHU. [Ipumenenne Texnomorun VR
(BUpTyasIbHON peajbHOCTH) B OPTaHU3ALMU U NIPOBEACHUH (PU3MUYECKHUX OINBITOB YCTPAHUT 3TH MPOOJIEMBI U
BHECET CYIIECTBEHHBIN BKJIA] B IOCTHKEHHUE Pe3yNbTaToB o0ydeHus. TexHnomoruss VR co3maer ycrioBus s
MpoBeneHNsI 00yJYaroIUMHUCs YKCIIEPUMEHTOB 0€3 OMACHBIX MaTepUaloB, CIOKHOT0 000opyaoBaHUs. ITO, B
CBOIO Ouepeab, AeaeT AEATEIbHOCTh B yuyeOHOM mpouecce Oojee OonTUMaiIbHOM W OezomacHod. B stom
CMBICIIE OCHOBHOM WHIeed W LeNbI0 JAaHHOTO MCCICAOBAHMA SIBISICTCSA OINpelesieHHEe OCOOCHHOCTEH
npuMeHeHus: TexHonoruu VR B o0yuenun ¢usuke, 3hHEKTUBHOCTH B JOCTHKCHUH PE3YJILTATOB 00yUYCHUSI.
B wuccrnenoBaHuM paccMaTpHBaNIHCh TPUMEPHl MPENOJaBaHUS HEKOTOPBIX CIOXKHBIX TeM (U3UKH U
OIIpeneNsUINCh BIAMSIHUE VR Ha ycBOeHHE TEMbl, BO3MOMKHOCTH YIYYIICHHS pE3yJIbTaTOB OOyueHHS
nabopaTopHbIX 3aHATHH. B Xoze peanw3anuu menw WCCIIEAOBaHHMS OBUIM HCIIONB30BAHBI METOBI
WCCIIEIOBAHMA: METaaHaJIn3, AaHKeTHPOBAaHWE, MAaTeMaTHKO-CTaTUCTMYECKMH aHamu3 u JAp. Pe3ympraTs
WCCIICIOBAHUS TIOKA3aJld METOAOJIOTHUYECKHE OCOOEHHOCTH NPHMEHEHMs1 TexHojormu VR B Qusnueckux
9KCHEpUMEHTaX U 3PQPEKTUBHOCTh B YIYUIICHUU PE3YNbTAaTOB 00y4deHHsI ¢ OOJEerdeHHEeM OCBOCHHS TEMBI.
Kpome Toro, B KOHIIE TIEJarorHUeCKOro UCCIeI0OBaHus 00YJaloNecs: BEIPa3UIIv JKeJIaHue YCHITUTh HHTEpEC
W MOTHBALIMIO K 00YYEHHIO ¢ TIOMOLIBIO TeXHOoJoruu VR.

KaoueBbie caoBa: ¢usmueckuii ombiT, VR-TexHONOTHWs, BUpTyalbHas pealbHOCTh, 3D-monens,
o0pa30BaTesIbHBIN MPOIIECC, 00YUIAFOIIUICS.

Main provisions

The idea of the prospective study is to increase the possibility for students to comprehensively
study physical patternsin the process of practice based on VR (virtual reality) technology. During the
study, examples of teaching some complex physics topics were considered and the influence of VR
on the assimilation of the topic, the possibilities of improving the learning outcomes of laboratory
classes were revealed. The study used methods of meta-analysis, questionnaires, mathematical and
statistical analysis. The results of the study showed the methodological features of the use of VR
technology in physical experiments and the effectiveness in improving learning outcomes with ease
of mastering the topic.

Introduction
It is known that the conduct of traditional laboratory classes in teaching subjects in the field of
physics presents a number of difficulties. Indicators of these difficulties are the inability of students
to demonstrate the theoretical knowledge gained in lecture classes in the course of practical work,
time constraints in laboratory classes, and lack of access to the equipment necessary for performing
many physics experiments. Currently, several studies are being conducted to identify new
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technologies to overcome these difficulties. The fact that the pace of technology is changing faster
than ever makes it necessary to develop skillsrelated to these technologies early in the student.

In recent years, the widespread use of virtual reality in the field of Education has opened up new
opportunities for organizing and conducting physical experiments. Working in an immersive
environment based on virtual reality technologies is carried out using specially developed software
tools. The importance of virtual reality (VR) technology in teaching physics can be explained by the
ability of students to make virtual trips using traditional methods. VR technology allows you to
comprehensively demonstrate, study, analyze experiences based on physical phenomena and laws,
entering the world of virtual reality.

Thework of researchers on the use of VR technology in chemistry and physics laboratories shows
that the results of training had a significant positive effect. In the chemistry laboratory, the
performance of tasks using VR technology increased by 92.63%, in the Physics Laboratory-by
93.38%. Scientists have proven that VR technology is easy to use in laboratories and improves
practical skills [1]. VR technologies creste the conditions for making physical experiences more
interactive and visually interesting. Studentsin the educational process can control experiments with
their own hands and monitor the resultsin real time, changing various parameters. Scientific research
shows that VR technology can improve the quality of learning and increase the motivation of
students [2]. T. Li paid special attention to the advantages and design principles of VR technology in
order to deepen students ' knowledge and improve the efficiency of the educational process [3].
Therefore, we are convinced that the use of VR virtua reality technology in order to increase the
motivation of students using interactive and visual elements in teaching physics has a significant
potential. Inimproving the process of teaching physics, augmented reality (XR) technologies, Virtual
Redlity (VR) and augmented reality (AR) technol ogies have given students confidence that they will
increase learning motivation [4]. The smartphone-based model of virtual redlity (VR) technology
provided afree tool for creating visualizations for STEM courses, allowing students to easily create
VR visualizations across multiple platforms without the need to learn a complete VR development
system [5]. In addition, there are studies that have shown the need to devel op V R-based |earning, that
is, the attitude of participants to The conducted survey among students to this conclusion [6]. Thus,
it can be concluded that the development of educational resources using innovative technologies on
the way to learning physical knowledge plays an important role in developing students ' interest in
learning. Among the works that can serve as the basis for the use of the virtual environment in the
educational process, E. Shudaifat, N. Alsalhi were ableto find out thelevel of participants by dividing
them into experimental and control groups. The experimental group, trained in avirtua environment,
found that there was a statistical difference compared to the control group, showed a positive result
[7]. H. Guleryuz conducted a study with the view that the introduction of new technologies in the
educational process will make learning more sustainable and effective. Asaresult, astudy that lasted
8 weeks showed that 3D technology gives positive results in the educational process|[8].

As one of the most important principles of using VR technology in organizing physical
experiments, one can cite the ability to make laboratory classes more interesting and increase their
methodological significance. S. Chou showed the importance of teaching students of the fourth grade
of primary school using interactive technologies in the direction of improving learning outcomes
through research [9]. In his article, H. Alsouat noted that VR technology gives good results in the
educational process, in the gaming industry, and also has a positive effect on improving digital
literacy [10]. In order to increase the level of education of students in the educational process, M.
Kumalasari, M. Trieno conducted a study of students in 11 classes, as aresult of which they found
that the lower-level group was ableto increase the level of education by 33%, the middle-level group
by 60%, and the upper-level group by 7%. He argued that the virtual world of physics helps students
to create physical experiments on their own [11]. The use of VR technology requires conducting
research aimed at increasing the interest of students, these studies are used in the organization and
conduct of physical practicesin the educational system or in the STEM field. These studies show the
benefits of VR, which alows you to visualize physical processesin avirtua environment, which in
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turn contributes to the development of the educationa system. This work focuses on the use of VR
technology in teaching physics to answer the scientific questions of the following study:

- Arethere any significant differencesin the motivation of students using VR technology to master
theoretical knowledge in physics?

- What isthe role of VR technology in the development of practical skills of students?

- What are the advantages of using VR technology in creating physical experimentsover traditional
methods?

The purpose and main idea of this study is to determine the solution to the above problems, to
demonstrate the advantages of using VR technology in organizing and conducting physical
experiments.

Resear ch methodology

In the course of the study, the selection of scientific papers was selected according to
predetermined criteria. The search was carried out using the keywords" physical education”,” virtual
reality”," 3D model " and the publications of the last 5 years were taken into account. To increase the
statistical significance of the results, we used meta-analysis — a method of combining the results of
several scientific papers to formulate general conclusions. Each method is aimed at solving specific
research questions and contributes to the conduct of research on a systematic and scientific basis.
Depending on the goals and objectives of the study, methods of metaanalysis, survey, as well as
mathematical and statistical analysis were used. The reliability and accuracy of the data obtained
ensures the scientific validity of theoretical conclusions, the logical structure of the study and the
results of testing in the experimental environment. In 2024, astudy was conducted at the KhojaAhmet
Y assawi International Kazakh-Turkish University. The total number of participants was 80 students
(Bachelor, Master, PhD). The participation of participants in a one-time survey made it possible to
find out the benefits of using VR technology in the organization and conduct of physical experiments.
62 students in the specialty 6B01510-Physics, 16 students in the specialty 6b05348-Physics, 2
participants in the specialty 6B05310-physics made a choice according to their point of view. The
guestionnaire includes 14 main questions related to the topic and 2 additional questionsrelated to the
direction of study. The questionnaire is designed to identify the features of the use of VR technology
in the educational process. Scientific assumptions were studied to determine the statistical
significance of the survey results. The content of scientific forecastsis as follows:

Ho1: From the point of view of the survey participants, there is no advantage in using VR
technology in teaching physics.

Ho2: Physical experiments conducted using VR technology significantly increase students '
experience skills and interest in the subject compared to traditional methods.

In processing the data from the survey, we used the t test (one sample t test), which is the most
effective test for determining whether there is a statistical difference in only one survey. we can
determine its value using the Formula (1).

S D

X - arithmetic mean value, (2) we define by the expression.

ixi 2

n the hypothesis, the accepted mean is the value.

X =

3|

Uo - the hypothetical average value. Based
S — standard deviation.

o
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Standard deviation is a statistical parameter that shows how much the values obtained in the result
deviate from the average vaue. In determining the standard deviation (2), the mean value was
determined according to the formula. Then determine the difference of each value from the average
and calculate the square of each difference. Determine the sum of the found squares and divide it by
the number of elements. Find the square root of the last result. The general conclusion of these
operationsis shown in Formula (3).

5% = ! Zn:(x - X)?
=no1 W ) (3)
=1
n —sample size.

Results of the study
Asaresult of 10 articles taken as a basis, the meta-analysis data are shown in Table 1.

Table 1. Collected scientific sources by the method of meta-analysis.

Study name Std diff in means Std Err
1 2 3

Shudayfat et.al (2021) 1,608 0,149
Hasan Giileryiiz (2023) 1,967 1,536
Chin-Cheng Chou (2016) 0,783 2,66
Hamad H. (2022) 0,803 0,191
Phoong et.al. (2020) 3,302 3,476
Elfakki et.al (2016) 7,09 1,394
Kumalasari et.al (2018) 1,13 1,685
Bhakti et.al (2023) 1,509 0,181
Widodo et.al (2022) 0,221 0,332
Astksoy and Islek (2017) 3,539 4,24

The results obtained in Comprehensive Meta-Analysis 4.0. we can get a conclusion by entering it
into the program. The first conclusion was determined by the plot of the pit. The funnel drawingisa
graphical tool for detecting deviationsin meta - analysis. Conclusion of the drawing of the pit in US
(Figure 1).

Fummel Piot al Precisien by Std dilf in means

Pructaban [1i8id Em

Sid & i3 maana

Figure 1. Pit drawing according to the analysis of the scientific literature
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For the synthesis and interpretation of the results of scientific research, the Forest plot (forest plot)
isthe basis tool. The results of 10 articles taken as a basis were shown graphically (Figure 2).

Model | Study name Statistics for each study Std diff in means and 95% CI

Standard
error

Shudapfat 0,143 0,022 1316 1,900 10,792 0,000

Hazan 1536 2,359 -1.044 4978 1.281 0,200

Chir-Cheng 2,5B0 7078 -4.431 5,997 0,234 0,768

Hamad H. 0191 0,036 0429 1177 4,204 0,000

Phoong 3478 12,083 -3511 10,115 0,950 0,342

Elfakkiet.al 1,354 1,543 4,358 9,822 5,086 0,000

Kumalasar 1,685 2,839 2173 4433 0E7 0502

Bhakti et.al 018 0,033 1,154 1,864 8,337 0,000

widodo 0332 0110 0430 0872 0,6ER 0,508

AgPkzoy 4,240 17,978 -4,771 11,849 0,835 0,404

Random 031 0,037 0,770 1,991 4433 0,000 —
Pred Int -0,244 3,003 I

Yariance | Lower imit | Upper limit | Z-Value palus -1.00 0,50 0,00 050 1.00

Figure 2. Forest plot (forest plot) reflection of the results of scientific works in the form of a graph

Let us dwell on the main conclusion of the analysis. The analysis is based on ten studies. The
average impact was considered with a confidence interval of 95% from 0.770 to 1.991. The Z-value
evaluates the null hypothesis, which checks whether the average effect value is zero. With aZ-value
of 4.433 and a significance level of 0.05, with avalue of p < 0.001, we conclude that the magnitude
of the average effect is significantly different from zero, which refutes the null hypothesis.

The results of such a meta-analysis show that the use of virtual materialsin physical experiments
has apositive effect [12-16]. In thisway, we can continue our research with confidence. In connection
with these studies and combining the results of scientific research on the research topic, meta-anaysis
has reveal ed the relevance of our topic. The analysis of 10 articles provides accurate information and
useful recommendations regarding the use of VR technology in physical experiments and in the
educational process. Most of the works studied were based on quantitative methods, in which
researchers used questionnaires, experiments, tests and control work to collect data. The results of
the analysis showed that the use of VR technology in the organization and conduct of physical
experiments has advantages.

Thus, the use of VR technology in teaching physics offers many opportunities and advantages:

- Improve the visualization and understanding of educational material;

- Increase the intellectual interest of students;

- Increase the level of security and reduce costs;

- Convenience of conducting laboratory work.

In particular, the widespread use of VR technology in the educational process has a great impact
on the quality of education and increasing students ' interest in science. VR technology is a redlity
created using 3D images and computers. It is used either through large screens or through VR glasses
mounted on the head. VR glasses (Figure 3) are distinguished by thefact that they give theimpression
of being in the real world. VR glasses can allow the user to interact in aredlistic way in the virtual
world and allow them to improve practical knowledge in different areas.

We have experimentally examined the possibilities of VR glassesin the interpretation of physical
phenomena and laws in the course of training. The use of VR glasses provides students with new
opportunitiesin the study of physics when explaining the working principles of various devices, such
as balistic pistols, barometers, Transformers, internal combustion engines and jet engines. The most
effective way to explain the principle of operation of any physical equipment isto break it down into
components. Using VR technologies, it is possibleto create a 3D model of any device, which students
can divideinto partsand reconstruct, which significantly improves the understanding and assimilation
of the material.
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Figure 3. VR glasses in the Physics Laboratory

For example, you might consider using VR glasses with the IXR Labs program installed. This
program shows the working order of the transformer, which helps to better understand the working
principle of physical equipment (Figure 4).

Figure 4. Transformer composition. IXR Labs program.

Each theme consists of three parts caled Separate Parts, X-ray View, Show Working. In the
Separate Parts section, the unit is arranged divided into parts. Each of themistransmitted in Test and
audio formats with information about the function of this particle when touched by a beam from the
VR helmet controller. In the X-ray View section, the external body of the unit is transparent, the
internal mechanisms and the ongoing phenomena, the principle of operation of the unit are clearly
visible. VR technology has reached a high level due to fierce competition in the gaming industry.
However, in the field of educational content, competition is much lower, which leads to many
disadvantages. For example, in the program mentioned earlier, limited interactive interaction can be
observed, although each student wants to have the opportunity to literally "catch" the objectsthey are
studying. Therefore, the development of VR technologies aimed at education, especialy in the
preparation of future physics teachers, and providing students with the opportunity to independently
interact with teaching aids, should be considered as one of the main tasks of modern physical
education. Let's consider the results of the survey based on the research topic. The results of thet test
for one questionnaire in order to determine the features of the use of VR technology in teaching
physics are shown below. 80 students took part in the survey. The average value of their accepted
result for each question was determined using the formula (M) (2).

8+10+10+10+8+20+13.3+13.3+13.3+10+8+8+9.6+13.3

M = =111

14

t is another quantity required to calculate the test standard deviation. We calculated the value of
the standard deviation (S), as shown in the expression (3).
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§2 = ﬁ((ll.l -8)2+ (11.1-10)2 + (11.1 = 10)? + (11.1 — 10)? + (11.1 — 8)?+(11.1 —
20)2 + (11.1 - 13.3)2 + (11.1 — 13.3)? + (11.1 — 13.3)> + (11.1 — 10)? + (11.1 — 8)? +
(11.1-8)2+ (11.1-9.6)*> + (11.1 — 8)? + (11.1 — 13.3)2 = 11.1

S=+v11.1=3.33

We determine the value of the Test (t) by putting the calculated results in the Formula (1). (1) the
hypothetical mean in the expression is equal to 20.

_20-111
t=—333 =1

V14

The main parameter in determining the degree of freedom (df) p value. Its definition varies
depending on the type of survey. Since we only have the results obtained for one survey, the
determination of the degree of freedom (df) is determined by the expression below.

df =n—1=14—1=13

After the parameter required to calculate the entire p value is determined, we calcul ate the p value
using the SPSS program. In our case, the value of the p value (2) isshown in Table.

Table 2. Data result

n M D SEM df t p
14 111 3.33 0.89 13 10 0.0001

Category

*M is the arithmetic mean; SD is the standard deviation; SEM is the standard error; df is the degree of
freedom; the average differenceisimportant at p < 0.05;

From the point of view of students, the statistical significance of the survey result was: t(13)=10.
p < 0.05, that is, it shows that there is enough evidence to reject the null hypothesis.

Based on the results obtained, the Hoi hypothesis was refuted. That is, the results of a survey of
participants showed that the use of VR technology in organizing and conducting physics experiments
hasits advantages. In conclusion, it should be noted that the use of VR technology in teaching physics
makes a great contribution to improving the quality of education and awakening their scientific
interest.

Discussion

The results of the current study open up prospects for a deeper application of VR technologies,
especialy in aspects of improving the efficiency of laboratory classes, strengthening interactive
elements of the educational process and improving the quality of education in general. Comparison
of these results with data from other scientific studies makes it possible to comprehensively assess
both the advantages and existing limitations of V R technol ogies, which contributesto their integration
into educational practicein amore grounded way. In experimentsusing VR technol ogies on thetopics
of force and mass of the mechanics course, it was shown how innovative technologies can be
integrated into the physics teaching process [17]. Traditionally, teachers communicate physica
knowledge to students through textbooks or oral explanations, which often leads to difficulties in
fully understanding physica phenomena. The use of interactive technologies, including VR, alows
you to overcome these difficulties and provides visual and understandable ways of learning the
materia [18]. Independent implementation of physical practices contributes to the better assimilation
by students of the basic concepts of mechanics, where the active activity of the student plays an
important role. In this sense, VR technologies significantly increase the effectiveness of the
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educational process, allowing students to recreate and experience physical phenomena themselves
[19]. It is @so worth noting a scientific study in which VR was used to create virtual laboratoriesin
guantum physics, which madeit possible to conduct experiments with quantum gates as part of afull-
time training program. The results showed that the use of VR allowed students to gain a deeper
understanding of the concepts of quantum gates.

Thus, in our study, we can conclude that VR technologies significantly expand educational
opportunities, which significantly affect the quality of teaching physics and open up new prospects
for the educational process as awhole.

Conclusion

Modern educational processes require the active introduction of new technologies. These
technol ogies can significantly improve students' learning opportunities and increase the effectiveness
and attractiveness of learning. The benefits that new technologies bring to the education system can
contribute to the direct improvement of its quality. This scientific study suggests the use of VR
technology in the creation of physical experiments. In particular, it was shown that VR technology
has a significant impact on the quality of physics teaching and the ability of students to understand.
The benefits of using VR technology, such as increasing motivation for learning, creating a safe and
comfortable experience, are recognized as a new and effective method of using VR technology in
physics. In the future, the widespread use of VR technology in the education system will make a great
contribution to the awakening of scientific interest of students. This research has been/was/is funded
by the Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No.).
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IIYTHU PEHHEHUA BAPBEPOB UHTEI'PALIUU STEM-OBPA30OBAHUS B
MOJAIrOTOBKY YUUTEJEN NHOOPMATHUKHA

Annomayus

3TO Mccae0BaHUEe OCHOBAHO HAa KOIMYECTBEHHOM METO/E, B KOTOPOM MpPUHSUIM ydactue 129 yunteneit
nHpopmatuku (51 myxunHa u 78 xeHmuH) u3 43 mKkox ropomga Anmarsl. Llens maHHOTO HCcenOBaHUSA
y3HaTh 0 O0aphepax W MyTH WX pelIeHUs Jis BHeApeHus, nHterpupoBanHoro STEM (science, technology,
engineering and mathematics) oOpa3oBaHusl B TOATOTOBKY OyIylIux yuuTeneil nHopMaTuKu. Pe3ynbrars
HCCIIEI0BAHUS MOTYT OBITh HCIIOB30BaHbI IIPH pa3padoTKe 00pa30BaTEIbHBIX IPOrPaMM B BBICHIIMX YUEOHBIX
3aBEJCHUAX, YTO NPHUBENCT K YIYYLICHUIO MMOATOTOBKM Oynymmx yumtened mndopmatuku. Hecmorps Ha
MHOTOYHCIICHHBIE HCCIIEIOBaHUs, MOCBSIICHHBIE MpeumymiecTBaMm W cTpaterusMm STEM-oOpazoBanms,
Oapbepbl U CIOCOOBI HMX MPEOJOJCHHS NPU BHEIPCHUU 3TOW CHCTEMbI, OCOOCHHO C TOYKH 3pPCHUS
npernojaBareneld, OCTaloTCs HENOCTaTOYHO H3YYEHHBIMHM. B mporecce MOATOTOBKM OyOyIIMX Y4HTeNeil
WHGOPMATUKH CYIIECTBYIOT pas3JIM4HbIe TMPEISTCTBUS C OTrPaHWYEHHBIM JOCTYIOM K pecypcam,
HEJ0CTAaTOYHOM MOJATOTOBKON yunTeNlel, HEXBaTKON BPEMEHHU U CPEJICTB Ha MEePEnoIrOTOBKY. OTH Oapbepsl
BKJIIOYAIOT JIMYHBIC, WHCTUTYLHOHAJIbHBIE M CHUCTEMHBIC HPOOJIEMBI, KOTOPHIE MOTYT NPENSITCTBOBATH
naterpatimn STEM B mpakTuky mnpenonmaBaHusi. B wWcciemoBaHWM BBISBISAIOTCS OTH TpoOenbl U
MOTYEPKUBACTCS HEOOXOMMOCTh YCTpaHEHHsI 0apbepoB ISl MOBBIIICHUS KauecTBa 00pa3oBaHus B 00J1acTH
KOMITBIOTEPHBIX HAYK U B MOATOTOBKE OYAYIIUX YUHuTeNIeH HH)OPMATHKH.

KuaroueBbie cioBa: Oapbepbl, npobnembl, STEM oOpazoBanue, yuurtens mHOOPMATHKU, UHTETpays,
oOyueHme.

T.®. Maparosa®, B.I'. Boctanos®
'Kasak yATTBIK KbI31ap TeJaroruKasiblK YHUBEPCHTETI, AMarthl K., Kazakcran
NH®OPMATUKA MYTAJIIIMJIEPIH JAAPJAYTA STEM-BUIIM BEPY I KIPIKTIPYJAEI'T
KEAEPI'UIEPII IHELTY KOJIIAPBI

Anoamna

By zeprrey Anmarsl KanaceiHaars 43 mektenteH 129 nadopmaruka myranimi (51 ep agam sxoHe 78 aiien)
KaTBICKaH CaHJBIK 9JiCKe Heri3fenreH. by 3epTreymiH MakcaTel Oonamak WHQOpMAaTHKa MYFaliMIepiH
nasipiaayra STEM (science, technology, engineering and mathematics) kipikTipijares oiu1iM Oepy/i eHrizyaeri
KeJieprijiep MeH oJlapJibl IIENTy JKOJAaphl Typaibl Oiny. 3epTTey HOTHKEIEPiH XKOFapbl OKY OpBIHIAPBIHIA
OiniM Oepy OarmapiamalnapblH d3ipieyAe KojmaHyra Oonansl, Oy Oonamak nHpopMaTHKa MyFaliMAEpiHIH
NafBIHABIFBIH KeTiaipyre akeneni. STEM Oinim OepyziH apTHIKIIBUIBIKTAPhl MEH CTPATETUsIaPhl TypPaibl
3epTTeyJiepre KapamacTaH, OHBI XKY3ere achlpyJarbl KeJepriiep MEeH ojapiAbl LIelly >KOJAaphl, acipece
OKBITYLIBUIAPABIH Ke3Kapackl OOHbIHIIA, OHIIA TYCIHIKTI OosMaysl MYMKiH. Bomamak wH(opmaTHka
MYFalliMAEPiH Aaspiay OapbIChIHAA PECypCTapIblH IIEKTEYJi KODKETIMIUIIr, MyFaliMACpAiH JKETKUTIKCI3
NafBIHABIFBI, KalTa maspiiay VIIH YakbIT HEH KapaXaTThIH JKETICHCYIIUIIrl CHSIKTBI SpTYpJli Keaepriiep
ke3neceni. byn kenmeprinep STEM-ni OKbITY ToipuOeciHe KipiKTipyre Kelepri KenTipyi MyMKiH >Keke,
WHCTUTYLHOHAJABIK JKOHE JXYHETK Mocemnenepai KaMTHIbL. 3epTTey OChl OJKbUIBIKTAPAbl aHBIKTAMIBI )KOHE
WHpOpPMATHKA CallaChIHIAFBI OUTIM Oepy camachlH JKETUAIpyTe jkoHe Ooanrak nHQopMaTHKa MyFamiMJepiH
nasipjayra KeIeprijepl )Kow KaKeTTUIINH KopceTe .

Tyiiin ce3nep: keneprinep, npodnemanap, STEM 6inim Oepy, nHpOpMaTHKa MyFamiMJepi, KipikTipy,
OKBITY.
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WAYSTO SOLVE BARRIERSTO INTEGRATING STEM EDUCATION INTO INFORMATICS
TEACHER TRAINING

Abstract

This study is based on a quantitative method, which involved 129 informatics teachers (51 men and 78
women) from 43 schoolsin Almaty. The purpose of this study isto learn about barriers and waysto solve them
for the implementation of integrated STEM (science, technology, engineering and mathematics) education in
the training of future informatics teachers. The obtained research data will help to develop improved and
modernized educational programs at universities, thanksto whichitispossibleto improvethetraining of future
informatics. Despite research on the benefits and strategies of STEM education, barriers and solutions to its
implementation, especially from the point of view of teachers, may be less clear. In the process of training
future informatics teachers, there are various obstacles with limited access to resources, insufficient teacher
training, lack of time and funds for retraining. These barriers include personal, ingitutional, and systemic
issues that may hinder the integration of STEM into teaching practice. The study identifies these gaps and
highlights the need to eliminate barriers to improving the quality of education in informatics and in thetraining
of future computer science teachers.

Keywords: barriers, problems, STEM education, informatics teachers, integration, training.

OcHOBHBbIE MOJI0OKEHHU S

B smoxy cTpeMuTenbHOro TEXHOJIOTUYECKOTO MPOrpecca U pacTylleid 3aBUCUMOCTH OT LU(POBOH
MHPPACTPYKTYPHl TOTPEOHOCTh B KBATM(DUIMPOBAHHBIX CHEIHMAINCTAaX IO HH(OpPMATHKE Kak
Hukornaa octpa. Marerpauust STEM-06pa3oBanus B MOArOTOBKY OYAYIIMX CHEIIHATUCTOB B 001aCcTU
I/IH(l)OpMaTI/IKI/I JaCTO pacCMATpUBACTCA KaK PCIICHUC, IMTO3BOJIAIONICC COKPATUTh Pa3pblB B HABBIKAX
U CTHUMYJIUpOBaThb HMHHOBaUMH. OJHAKO, HECMOTpPS Ha CBOM mnoreHuuasn, BHenpeHue STEM-
00pa3oBaHMs B ATOH 00JIACTH CTAJIKUBACTCS CO 3HAUUTEIbHBIMU MPENSATCTBUSAMHU. DTH MPETSATCTBUS,
HAYMHAs OT UWHCTUTYIMOHAJIbHOW WHEPUMH U OTPAHUYEHHOCTH PECYpCOB M 3aKaH4YHBAas
IneaarortyeCKuMmn HpO6J'IeMaMI/I u O6HI€CTBCHHI:IM BOCIIPHUATUEM, MPCIATCTBYIOT IIJIABHOMY
BHeJIpeHUI0 1esnocTHoro noaxona STEM [1].

Beenenune

Ha cerogusmnumii 1eHb cTapble CTPYKTYpbl 00pa30BaTENIbHBIX IPOTPaMM, KOTOPbIE YTBEPKIAINCH
roIaMu, IBJISIFOTCSI IPErpaioil u mpoobaeMoit Ui BHECEHHE KaKuX JINOO N3MEHEHUH U MOAepHU3aIUN
B 00OpasoBaresibHbIE MPOrpaMMbl. JTa MpoOJieMa WMEET COLMAIbHOE 3HAa4YeHUE, MOCKOJbKY OHa
CBSI3aHa C KauecTBOM oOOpa3oBaHUS B 001acTH MH(DOPMATHUKU M TOATOTOBKOW paboueil cuilbl,
oOnanaroieli He0OXOAMMBIMU HAaBBIKAMU JUISI MIPOLIBETAHUS B BBICOKOTEXHOJIOTMYHBIX OTPACIISX.
Wnterpanuss STEM-o0pa3oBaHus MOMET CIIOCOOCTBOBAaTh IOJIYUYEHHIO CTyJIEHTaMu Oosee
LIEJIOCTHOTO M AaKTyaJbHOrO oOMbITa OOyYeHHs, B TMOATOTOBKE HX K Oyayuieil kapbepe u
yJIOBJIETBOPEHUIO TpeboBaHMI OblcTpo MeHstomierocss mMupa [2]. B Kaszaxcrane paspaboraHbl U
peayin3yloTCs HECKOJIbKO CTpaTeridi W CTaHJapTOB, HampaBlieHHbIX Ha pa3Butue STEM-
00pa3oBaHMs, YTO MOJTBEPXKIACT TOCYAAPCTBEHHYIO NPHUBEPKEHHOCTh K 3TOMY HAIpaBIICHUIO.
OmHuM W3 KITIOYEBBIX JIOKYMEHTOB siBisieTcsi koHmenmuss STEM-oOpazoBanusi B PecnyOmuke
Kaszaxcran na 2021-2030 rr., KOTOpass onpeAenseT CTPATETHMYECKUE LETU U MPUOPUTETHI B 3TOU
oOnactu. OCHOBHbBIE IIeNIM KOHUEMIMM BKJIIOYAIOT pa3Buthe uHTepeca kK STEM-mucuumnianHam,
ynyumenue kaudectBa STEM-oOpasoBanusi m moanepxky mnpenoaasateneit STEM-npenmeTos.
JlpyruM Ba)xHBIM JOKYMEHTOM sBIIsieTcsl ['ocyapcTBeHHas mporpaMMa pa3BUTHs 00pa3oBaHUs Ha
2021-2025 r1r., KOTOpas OXBaThIBaeT IIUPOKUI CIEKTp 3ajad, BKJIIOYAs MOJECPHU3AIMIO
oOpa3oBarenbHON WHQPACTPYKTYPBI, pPa3pabOTKy HOBBIX O0O0pa30BaTENbHBIX TMPOTPAMM U
yBeIM4eHUe (UHAHCUPOBAHMS 00pa3oBaTeIbHBIX yupexkaeHui. Ilpeanoxkenne no pemeHuto 3Tou
po0GJIeMbl TIpeoiaraeT NPoBEACHUE UCCIIeI0BaHUs ISl BBISIBICHUS M NMOHUMAaHUS KOHKPETHBIX
6apbepoB, npenarcTByronmx uHTerpauu STEM oOpa3oBaHusi B MOATOTOBKY OyIyLIUX yYUTeNeH
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unpopmaruku. llens wucciaenoBaHUsT — BBIABUTH KJIIOYEBBIE Oapbephl MPEMSTCTBYIOIINE
s dexruBHOM nHTerpanuu STEM-00pa3oBaHus B TOATOTOBKY OYAYIIUX YIUTEIeH HHPOPMATUKHU U
MpOaHATM3UPOBaTh MYTH HUX pemeHus. Kpome Toro, wucciegoBaHHE MOXKET CIOCOOCTBOBATh
HH(POPMHUPOBAHUIO O pa3pabOTKE Pa3TUIHOTO BUIA MEPOIPHUATHH, yUEOHBIX TOCOOUH, YUSOHUKOB U
T.JI. JUIA yCTpaHEHUsS BBIABICHHBIX OapbepoB W ycwieHus uHrerpanuun STEM obOpasoBanus B
MOATOTOBKY OyAyHmIMX yuuTened nHHOPMaTUKU.

Wuterpammuss  STEM-o06pa3zoBanusi B 00pa3oBaTelbHYI0 TIporpamMmmy 1o WH(GOpMAaTHKE
paccMaTpuBaeTCsA Kak Ba)KHEHIIAsi CTpATeTUsl Pa3BUTHS TAaKUX HEOOXOJAUMBIX HABBIKOB, KaK yMEHHE
pemars Mnpo0ieMbl, KPUTHYECKOE MBIIUIEHHE W MEXIUCUUIUIMHAPHBIE 3HaHMs. JluTeparypHbIii
aHanu3 mnokasbpiBaeT, uto STEM o0pa3zoBaHue MOBBIMIAET CHOCOOHOCTH CTYACHTOB NPUMEHSTH
TEOPETUYECKHE KOHLEIIUU K PEHICHUIO PEaIbHBIX 3a1ay, YTO SIBJISIETCSA KIIOYEBOM KOMIIETEHIIHEH
Oyaylux CIenuaiucToB B obmactu mHpopmaruku. bonee Toro, mHTerpanus aucuumiud STEM
MOXKET TPUBECTH K CO3/aHHI0 Oojee MHHOBALMOHHOIO M BCECTOPOHHEr0 00pa30BaTeIbHOTO
ombita [3]. HecMoTps Ha mnpu3HaHHBIE MNpeuMyllecTBa, uHTerpanuu STEM-o0pazoBanus B
MOATOTOBKY OYIyIIUX CHEIHATIMCTOB 0 MHPOPMATHUKE MPEMSITCTBYET Psii OapbepoB. ITU Oapbepsl
MOXKHO pa3/lelnTh HAa WHCTUTYIMOHAIbHBIC, MEIarOrMYecKhe, CBSA3aHHBIE C pecypcamMu H
corrasbHble pobiemsl (Pucynok 1).

STEM BAPBEPDI

Pucynox 1. Buowt STEM 6apvepos

[lenarornueckue Oappepbl — K MEJAaroru4eckMM MNpoOjeMaM OTHOCUTCS  HEXBaTKa
KBaJTM(HUIIMPOBAHHBIX MIPEo/IaBaTesieid, criocoOHbIX 3 dexTrBHO npenonaBats npeamerst STEM. B
Pa3IUYHBIX MCCIIEA0BAHUIX MOAUYEPKUBAETCS HEOOXOIUMOCTh B IPOrpaMMax MpodecCHOHANTbHOTO
Pa3BUTHSI ¥ IEPENIOTOTOBKH, YTOOBI 00€CTICUNTh yUUTENIeH HEOOXOTMMBIMU HAaBBIKAMU M 3HAHUSIMHU.
WNHcTuTynnoHanabHble Oapbepbl - 00pa30BaTENbHbIE YUPEKICHHS YacTO HMEIOT YCTOSBIIMECS
y4eOHbIe TUIaHBl 1 METOJMKH TPENoIaBaHusl, KOTOPBIE TPYIHO H3MEHNUTh. Kpome Toro, oTcyTcTBHE
aJIMUHUCTPATUBHOM MOJIEP)KKM W HETHMOKHME TMOJUTHYECKHE pPaMKU elle OOJjblle YCIOXKHSIOT
uHTerpanuio nmoaxoaos STEM [4]. PecypcHbliii Gapbep — HeXBaTKa PECypCcOB CO3/aeT €Iie OJHY
ceppe3Hyto npoOiemMy. Illkonam U yHuUBepcuTeTaM 4acToO He XBaTaeT (PMHAHCOBBIX PECYpCOB IS
MHBECTUPOBAHUS B MEPEIOBbIE TEXHOJIOTUU U UHPPACTPYKTYpPY, HeoOXo1uMble a5l 3 PEeKTUBHOTO
STEM-o6pazoBanus. CoruanbHble Oapbepbl — OOIIECTBEHHOE BOCIPHUSATHE M KYJIbTypHBIE
YCTaHOBKH B OTHOmeHHH obnacteit STEM Ttakke mMoryT mpemsitcTBOBaTh WX MHTErpanuu. Kpome
TOTO, POUTENH U OOIIECTBO B I[EJIOM YaCTO HE 0CO3HAIOT IeHHOCTH STEM-00pa3oBanus [5].

Metoposiorus Uccae10BAHNSA

B naHHOM wHccienoBaHUM NMPUMEHSETCS KOJIMYECTBEHHBIM METOJ Ul aHalld3a MpPEensTCTBUM,
cBs3aHHBIX ¢ BHenpeHueM STEM-oOpa3oBaHusi B MOArOTOBKY Oyaymux uH(popMaTHKOB. Llenbio
MCCIIETOBaHMUS SIBJISI€TCS BbIsIBICHHE OaphepoB U TPYJHOCTEHN, C KOTOPBIMH CTAJIKUBAIOTCS IIKOJIbHbIE
yuutenss uHpopMaTuku. MHCTPYMEHTOM HCCIe0BaHUs OBLI ONMPOC, KOTOPBIH MPOBOJIMICS Cpelu
129 yuurenei napopmaTuku B ropose Anmatsl o Google Forms. YuacTHHUKamMu ctanu neaaroru u3
IIKOJI, ¢ KOTOppIMH Yy Ka3axckoro HallMOHaJIBHOTO EHCKOIO MENaroru4eckoro yHUBEPCHUTETA
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3aKJIFOYEHBI KOHTPAKTHI Ha MPOXOKICHHUE MearornyecKoi MpakTuku cTyfaeHTamu [6]. [lomydennbie
JaHHBIE MOT'YT CTaTh OCHOBOM JUIsI CO3/IaHUs 00Pa30BaTEIIbHBIX IPOTPAMM, & TAK)KE JIJIS TOBBIIICHUS
kBanukanyu yauteneid. KoHpuIeHIIMaTbHOCTh PECTIOHICHTOB OBUIH COOIOACHBI U Y4aCTHUKAM
OBLIO COOOIIIEHO, YTO UX y4aCTHE SBJISIETCS TOOPOBOJIIEHBIM U aHOHHUMHBIM.

Pe3yabTaThl HCCIEI0BAHUA

[Tonmy4yeHHble pe3ysbTaThl BBIIBIIIM TaKHe Oapbepbl, KaKk OTPaHUYCHHBIH JOCTYH K pecypcam,
npoOJemMbl ¢ MOATOTOBKOM ydMTeNel, OrpaHMYeHHs OO0pa3oBaTEIbHBIX IPOrpaMM M Oapbepsl,
CBSI3aHHBIC C COTPYIHHYECTBOM U MEXIUCHUILTUHAPHBIMU 1o1xoaamu (PrcyHok 2).

bapvepul 0r5 yuacmus 6 unmezpuposarnom ooyyenuu STEM

Omcymcmesue unmepeca S 6,2
Coomeemcmeue ywebnomy niany I 75,6
Bpemennvie ocpanuuenys s 20,9
Hexeamxa pecypcos s 40,3

Omcymcmesue adMUHUCMPamuerol noodepoicky T 7,0
00 50 10,0 150 20,0 25,0 30,0 35,0 40,0 45,0
Pucynox 2. bapvepuvl o unmeepuposanus STEM

Ilo pe3ynabTaraM aHKETHPOBAaHUS BBIBICHHbIE Oapbepbl YKa3bIBAlOT CO3JAl0T Ipoldiiemy,
BO3HUKIIYIO /10 ¥ BO BpeMs BHeperus STEM-o0pa3oBanust aist cpeanero oopazosanus. [Ipu sTom
HauOOJIBIIMKA HPOLIEHT cOocTaBisieT HexBaTka pecypcoB 40,3% u cooTBeTcTBHE y4eOHOMY IJIaHY
25,6% 3TO TOBOPUT O TOM, UYTO YUUTENIIM HYHbl U3MEHEHUS U MOJEpPHU3aLMs YYEOHbIX IJIAHOB U
pecypcoB. Ho Taxxe, BaXXKHO OTMETHTb M BpeMeHHble orpanuueHus 20,9% KOTOpbIE SABISAIOTCA
HEMaJIOBaXHBIM (pakTopoM. CaMbIMH MUHHMAJIBHBIMH SIBJISIFOTCS OTCYTCTBHE aIMHUHHCTPATUBHOU
nojaepxku 7,0% u orcyrcTBue uHTepeca 6,2%. To ecTb pacpoCTpaHEHHOCTh TAKUX 0apbepoB, Kak
HEXBaTKa PECypCcoOB, COOTBETCTBHE y4EOHBIM IJIaHAM U BPEMEHHBIE OIpPaHUYECHMS], TOUEPKUBAET
HEOO0XOJUMOCTh LI€JICHANPABICHHBIX BMEIIATENbCTB JJIS OKa3aHWsS MOAJCPKKH YUYUTEISIM B
npeofojaeHun Tux npensarcTtBuil. [lociencTsus 3tux O6apbepoB 00CYXKIAIOTCA C TOUYKH 3PEHUS
HE00X0IMMOCTH LIEJICHAIIPaBJIEHHOT O npogeccuoHaIbHOro pa3BUTHS, IIepecMOoTpa
o0pa30BaTeNbHbIX IPOrPaMM U PaCIIUPEHUS COTPYAHUUECTBA MEXY YUUTEIIMU HHPOPMATHKH.

A Takxe, HEOOXOMMO CO3/1aTh MYTH PELICHHUs OapbepoB, KOTOPbIE MO3BOJSAIOT HAWIYYIIUM
o0pa3oM BHEIPUTH MHTETpUpOBaHHOE 00ydeHHe. OCHOBBIBASICH HA 3TO, MBI PEUIUIH CIIPOCUTH O
NPEANOYUTAEMBbIX pecypcax JUIsi MHTETPUPOBAHHOTO 0OyudeHHs Uil Oyaymmx HHGOPMaTHKOB
(Pucynok 3).

TIpeonoumumenvrule pecypcul 0asa unmezpayuu STEM

Mynvmumeoutinvie npesenmayuu Tl 4,7
Kypcor nosviuenus xearugurxayuy ) 25,6
Obpazosamenvras npocpavma S 30,2
Knueu, yuebnvle nocobus S 39,5
0,0 50 100 150 200 250 30,0 350 400 450

Pucynox 3. Ilpeonoumumenvhsie pecypcol 011 unmezpupoganus STEM

[lo pesynapTaraM aHKETHpOBaHHs, Hamboyiee BBICOKHM IMPOLEHT HaOpalu KHUTU U y4yeOHbIE
nocobust 39,5% wu wusmeHeHue oOpazoBarenbHO mnporpammbl 30,2%. Kypckl MOBbIIIEHUS
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KBaJTM(HUKAIMNA, B TO BpeMs KaKk MyJIbTUMEUIHbIC TPE3CHTAIIMM HaOpaI BCero JIUib 7%. A Takxke,
pe3yabTaTe aHKETHPOBAHUS BBIACHWIOCH, YTO YYMTENsd HMH(OPMATHKH B IIKOJAX HCIBITHIBAIOT
NOTPeOHOCTh M BBIPAXKAIOT JKEIAHUE TPOWTH TNEPEHNOArOTOBKY M IEpeKBAIM(UKALIUIO. ITO
CBUJCTEIBCTBYET O BBICOKOM YPOBHE 3aMHTEPECOBAHHOCTH IPENOAABATEICH B IMOBBIIIEHUH CBOEH
KBaJM(HUKAIIMKA ¥ OCBOCHUH HOBBIX METOJIOB OOyUCHHS.

Pe3ynbrarsl necnenoBaHus BBIABWINM HECKOJBKO KIIIOUEBBIX IPEMATCTBUN HA IIyTH BHEAPEHUS
STEM-06pa3oBanus B OATOTOBKY OyIyIIUX CHEIHUATUCTOB 110 HH(OPMATHKE:

- OrpaHuueHHBIH JOCTYIl K pecypcaM: MHOTHE MpernoaaBareNd WHGOPMATUKH 3asBHIN O
TPYAHOCTSAX C JOCTYIIOM K AOCTaTOYHBIM PeCypcaM M MaTepuallaM sl BKIIOUYEHHUS NPAKTUYECKUX
sanatuii mo STEM B ux oOpa3oBaTenbHBIE NPOrpaMMbl. JTO BKJIIOYAIO B ce0s HEXBATKY
¢buHaHCUpOBaHMs AN IpUOOpeTeHuss  OOOpyNOBaHMSA,  OTPAHUYEHHYIO  JOCTYIHOCTb
COOTBETCTBYIOLIMX Y4EOHBIX MaTepUalIOB M HenocTaTo4HbI noctyn k STEM-maboparopusm unu
ITOMEILEHUSM.

- HenmocraTtouHas NOATOTOBICHHOCTh YYMTENICH: HCCIEJOBAaHUE BBIABUIIO, YTO HEKOTOpBIE
yuuTenss MHPOPMATUKHU CUUTAIOT ce0sl HEIOCTaTOYHO IOATOTOBJIEHHBIMM K BHeapeHuto STEM-
o0pa3oBaHMsl B CBOIO MPAKTHUKY MIpernojaBaHus. MM MokeT He XBaTaTh HEOOXOIMMBIX 3HAHUH,
HaBBIKOB U [I€1arOrMYECKUX cTpaTteruit it 3¢ ¢pexruBHON nHTerpauuu konuenuuii STEM B mponece
IIPENOIABaHUS.

- OrpannueHuss oOpa30BaTEIbHONW MPOTrPaMMBL: HCCIEI0BaHME IOKA3aj0, YTO CYIIECTBYIOIIUE
OrpaHUYEHUS] 00pa30BaTENBLHON MPOrPaMMbI M CTaHAAPTH3MPOBAHHBIE OIICHKH B O0pa30BaHHUH IO
nHpOpPMATUKE YacTO CTaBAT BO IJIaBY yIJIa TEOPETUYECKHE AaCHEKThl, OCTABJsAs OTPAaHUYEHHOE
IIPOCTPAHCTBO JUIsl UHTErpauuu KoHuenuud u npaktuk STEM. Yuurens uapopmatuku cooOuianu,
4YTO UM IMPUXOJWIOCH MPEOJ0eBaTh 00pa30BaTEIbHYIO IIPOrpaMMy B OTpaHHYEHHBIE CPOKH, YTO
Menrano uM 3G(HEKTHBHO UCTIONB30BaTh MpakTHYecKue 3ansaTus mo STEM.

- OrpaHn4eHHOE COTPYAHUYECTBO U MEKIUCLUIUINHAPHBIE IIOAXOAbI: PE3YJIbTAThI HCCIIEI0BAaHUS
YKa3blBalOT Ha OTCYTCTBUE COTPYAHMUYECTBA M MEXAMCLUIIMHAPHBIX MOJXOJOB B Iporpammax
MOJIrOTOBKM yuuTesel nHpopMaTUki. MHOTHE YJaCTHUKM OTMETHIIM TPYAHOCTU B KOOPJIMHALIUU C
IpenojaBaTesiMi IpYrUX MPeIMETHBIX 00JacTei M MOMCKE BO3ZMOXKHOCTEH AJIs MEXIpEeIMETHON
UHTErpauu [7].

- HexBaTka BpeMeHU M NeEperpykKeHHOCTb 0Opa30BaTEIbHOM MpOrpamMMOM: YUuTENs 4acTo
CTAJIKUBAIOTCSl C HEXBATKOW BPEMEHHM M3-3a IUIOTHOW oOpa3oBarenbHOM mporpamMmsel. HTerpanus
STEM-00pa3zoBaHust MOXET BOCIIPHHUMATHCS KaK JIOMOJTHUTEIbHAS HArpy3Ka, MOCKOJIBKY TpeOyeT
CIELUAIBHOTO BPEMEHH JUIS IIJIAHWPOBAHUS, COBMECTHOM pabOThI M peau3aliu. Y YUTeIsIM MOKET
OBITh CII0HO HaWTH OaJlaHC MEXJly OXBaTOM OCHOBHOT'O IPEIMETHOIO COAECPKAHUS U BHEIPEHUEM
koHuenuuit STEM.

- JlaBneHue Ha OLEHKY M NOJOTYETHOCTH: CTaHAAPTU3UPOBAHHOE TECTUPOBAHME U MEPHI
MIOJIOTYETHOCTH MOTYT IIOCTaBUTh BO IJaBy YIVIa 3HAHUE COJAEP)KAHMSA, a HE IPOLECCHO-
opueHTHpoBaHHbIH xapakrep STEM-o0pazoBanus. VYuuTenss MOTYT HCIBITHIBaTh JaBIICHUE,
3aCTaBIIsAsA UX COCPENOTOYUTHCS HA IIOJrOTOBKE K TECTUPOBAHUIO U OCBELICHUH COJIEP/KaHUs, a HE Ha
MIPEIOCTABIIEHUN BO3MOKHOCTEH ISl OTKPBITOTO U3YUYEHUS U PEIICHUs TPOOIIEM.

- Kaxxymasicst HeakTyalnbHOCTh: HEKOTOpBIE yuuTelss MH(QOpMaTHKH MOTYT BocipuHUMaTs STEM-
o0Opa3oBaHHe KaK HE MMEIOIIee OTHOUICHHS K UX NMPEAMETY WM He BUAETh HEMOCPEICTBEHHBIX
npeumyuiectB uHTerpanuu konnenuuit STEM. VM MoxeT OBITh CI0KHO YCTaHOBUTH CBSI3b MEXKIY
STEM u undopmatukoi, 4To IpUBOIUT K COMPOTUBIICHUIO WK O6e3paznnunio K BHenpeHno STEM-
o0Opa3oBaHMsI.

- IIpo6Gensl B mpodeccnoHanbHOM Pa3BUTHH: y yuHuTeneil HHGOPMAaTUKU MOTYT OTCYTCTBOBATb
aJIeKBaTHbIE BO3MOXKHOCTH JJIsl MPO(ECCHOHATBHOIO pa3BUTHUS, OpHeHTHUpoBaHHble Ha STEM-
oOpa3zoBanue. be3 mocTosHHOro 00y4eHUs U MOAAEPKKH YUUTEISIM MOXKET OBITh CII0KHO OOHOBIISITh
CBOU METO/Ibl 00y4eHUs M BHEAPATh MHHOBALIMOHHBIE cTpaTeruu npenogasanus STEM.

- IlapTHepckue OTHOWIEHHS C PYKOBOJCTBOM: B3aWMOJIEHCTBHE C MECTHBIMH OTpaCIsIMU
MPOMBIIIJICHHOCTH, TNPEANPUIATUAMUA U OOIIECTBEHHBIMH OPTaHU3ALMSIMU SBISIETCS BaXKHBIM
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acriektom STEM-o0pa3oBanus. OZHAKO YCTaHOBJIEHHE U TOJIEp)KaHHE 3HAYMMBIX MMAapTHEPCKUX
OTHOIICHUN MOKET OBITh CIIOKHOM 3a/1aueil 715 KO U yYUTeNel, OrpaHuYuBasi BO3MOKHOCTH IS
MOJIMHHBIX CBSI3€H U MOJTy4YeHHUs ONbITa B peaJbHOM Mupe [8].

YcTpansas 5Ti 0apbepbl U BHEAPSAS PEKOMEH/ IAIlUH, BHITEKAIOIINE U3 PE3YyIbTaTOB UCCIIEIOBAHMUIM,
IpOrpaMMbl MOJATOTOBKH y4HTEJIeH HH(POPMATUKU MOTYT JIydlle CHAOAWUTH OyayIIMX YduTeseH
nH(OPMATUKK 3HAHUSIMH, HABBIKAMU U pecypcamMu, HeOOXOAUMBIMH 17151 3P PEKTUBHON UHTETPALUU
STEM-o06pa3zoBanusi B UX NPAKTHKY MPENoJaBaHus. JTO, B CBOI OYEpeb, MOXKET IOBBICUTH
KayecTBO 0Opa3oBaHMsA B 001acTH MH(DOPMATHKU M Jy4YIle MOATOTOBUTH CTYJCHTOB K Oymyrei
Kapbepe B 00J1aCTsIX, OCHOBAaHHBIX Ha TEXHOJOTHUSIX.

Jduckyccus

Pemenne mnepeuucieHHbIX OapbepoB Tpedyer MHoOrorpaHHoro mnoaxoaa. Xots STEM-
o0pa3oBaHME MMEET 3HAUYUTENIbHbIE IMEPCIEKTUBbI s MOATOTOBKU OyIyIIMX CHELHAIUCTOB B
obmacTi ”HPOPMATHKH, HEOOXOIMMO YCTPAHUTh MHOTOYHCIICHHBIC MPETISITCTBHUS, YTOOBI MTOJIHOCTHIO
peanu3oBaTh ero noreHuuan. [loHumas 3TH mpoOiieMbl W H3ydas KM3HECIIOCOOHBIE peIleHHUs,
3aMHTEPECOBAHHbIE CTOPOHBI MOTYT paboTaThb HaJ CO3/JaHHEM Oo0Jee WHTErpPUPOBAHHON H
3¢ dexTUBHON 00pa30BaTENbHOW CUCTEMBI, KOTOpas IOJATOTOBUT CTYAEHTOB K TpeOOBaHUIM
coBpeMeHHoro wmwupa. Ilemarormyeckuil Oappep sBi€TCSs OJAHUM M3 OCHOBHBIX HPENATCTBUH,
BBISIBIICHHBIX B X0J1€ UcciieoBaHus. {1 TOro 4To0bl pelmTh NpeAIaraloTcs ciaelyromue qeicTBus:

- Pa3pabotka pacnpocTtpaneHne ydeOHBIX MATEPHUATIOB U PECYPCOB;

- [lognepkka ¥ CTUMYJIMPOBAHUE YUUTEIICH;

- UnTerpanus STEM-o6pa3oBanus B 00pa3oBaTebHbIE IIPOTPAMMBIL;

- [lonnepkka co CTOPOHBI rocyJapcTBa U 00pPa30BaTENIbHBIX YUPEIKICHUHN.

JUia 1peoofieHUsl MHCTUTYIIMOHAIbHBIX OapbhepoB, CBSI3aHHBIX C YCTOSIBIIMMUCS Y4EOHBIMHU
IUTAaHAMH U METOJMKAaMHM MIPEoiaBaHus B 00pa30BaTeIbHbIX YUPEKICHUIX, @ TAKKE C OTCYTCTBUEM
aJIMMHHUCTPATUBHON MOAJEPKKM U HETMOKUMHU NOJUTHYECKMMM paMKaM{, MOKHO HCIOJIb30BaTh
CJIELYIOINE CTPATErNH U PEILICHUS:

- Ycunenue afMUHUCTPATUBHON MOAJEPKKU U CO3/1aHUS MOAJEPKKU HAa YPOBHE PYKOBOJICTBA;

- [logep>kka MHHOBALMI U MUJIOTHBIX IPOEKTOB;

- Pa3paboTka 1 BHeIpeHHE HOBBIX CTaHJIaPTOB U HOPMATHBOB;

- Opranusanus 00y4yaromux MEpOIPUATHI U KOH(PEPEHIIUH.

PecypcHhbiii 6apsep B STEM-06pazoBanuu —310 npobiaema HEXBaTKU (PUHAHCOBBIX PECYPCOB IS
MHBECTULUI B TEXHOJIOTUH U UHPPACTPYKTYpY, HEOOX0AUMYIO Al 3(PPEKTUBHOTO MPEnoaaBaHus
npeameroB STEM. [lns mnpeomoneHuss storo Oappepa MOXHO HCIOJIB30BaTh Pa3HOOOpa3HBIC
CTpaTeruH, KOTOpbIe MOMOTYT OOECHEYNTh IIKOJBl M YHUBEPCUTETHl HEOOXOIMMBIMHU PECYpPCaMHU.
Hampumep, 17 mapta 2018 r. B KazaxckoMm HallMOHaJIBLHOM IE€IaroTMYECKOM YHUBEPCUTETE UMEHU
Abas Obu1 co3nan «llenarornyeckunit STEM-nmapk», KOTOpBIH CTajl BaXKHBIM IIaroM Ha MYTH K
MonepHuzanuu STEM-o0pa3oBanus B Kazaxcrane.

Eme ogHMM CyIIeCTBEHHBIM MPENATCTBUEM, OTMEUEHHBIM YUYaCTHUKAMHU, SIBJISIFOTCS] COLIMAJIbHBIE
Oapbepbl. Pemenue comumansHbix OapeepoB B STEM-o0pa3zoBaHuy BKIIIOYAIOT OOIIECTBEHHOE
BOCIIPUATHE M KYJIBTYPHBIE YCTaHOBKH, KOTOPBIE MOTYT MpeEmsITCTBOBaTh HHTErpaunu STEM-
JUCHUIUIMH B 0oOpa3oBaTenbHBIA Mpouecc. BaxkHo pemuTh 3T OpoOiaemMbl, 4TOOBI CO3/1aTh
no3uTuBHOE oTHOIEHHE K STEM-00pa30BaHMIO U OBBICUTH OCBEJJOMJIIEHHOCTD O €r0 3HAUYCHHH.

B pesynbrarax 3TOro uccieqoBaHHs UMEIOTCS HECKOJIBKO BaXKHBIX MPEMATCBUN JUIsI MPOTrpamMm
MOJrOTOBKH OyAymux MH(OpMATHKOB. Bo-mepBbIX, HEOOXOIUMO BHEIPSTH L€JIeBble HHUIIMATUBBI
[0 TOBBIIIEHUIO KBaJIW(UKAIMKU, YTOOBI YIOBJIETBOPUTH KOHKPETHBIE MOTPEOHOCTH Yy4yHuTenen
uHpopmatuku B obnmactu uHTerpauuu STEM-o0pa3zoBanus. DT HporpaMMbl JIOJDKHBI OBITH
HaIpaBJIeHbl Ha MOBBILICHHE M€JarOTMYECKUX HaBBIKOB, 3HAHUHN O COJIEP)KaHUU U TEXHOJIOTUYECKOM
IpaMOTHOCTH. Bo-BTOpBIX, HEOOXOAUMO MEPECMOTPETh CTPYKTYpPY O0Opa3oBaTeNbHBIX MPOTPaMM,
9TOOBI O0eCneYnTh OOJBINYI0 THOKOCTh W BKIKOYHTh MEXKIUCIHUIUIMHAPHBIE ITOIXOIBI,
MO3BOJIAIOIIME  OecrpensaTcTBeHHO uHTerpuposath npunuunsl STEM B oOpasoBanue 10
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unpopmaruke. Kpome TtOro, HeoOXoauMbl WHGOPMAIMOHHO-TIPOMATAHIUCTCKUE YCWIHS IS
o0ecrniedyeHns aJeKBAaTHOrO (PUHAHCUPOBAHMS U pecypcoB g mnoxanaepkku BHenpenuss STEM
oOpazoBanusi B Tporecce oOyueHnuss wuHpopmaruke [9]. Vcerpansis Takue Oapbepbl Kak
COBEpIICHCTBYSl IMENarorudyeckre MOAXOJbl, HHCTUTYLIHMOHAIbHYIO HWHEpPLHI0, yMEHbIIas
OTPAaHUYEHHOCTh PECypCOB, HM3MEHss OOIIECTBEHHOE BOCIPHUATHE, MPOABUTAS WHKIFO3UBHBIE
MPAKTUKA U TMPONAraHaAupys TMOAJEPKUBAIOIIYIO0 IMOJUTUKY, MBI MOXEM co3/aTh Oolee
spdekTuBHYI0O U crpaBemuByto cucreMy STEM-o0pa3zoBanus. JT0, B CBOIO Ouepellb, JacT
OyAyIIMM CIEIUAINCTaM 10 MH()OPMATHKE HABBIKK W 3HAHUS, HEOOXOIUMBIC JIJIsl IPOIIBETAHUS BO
Bce 0oJiee CJI0KHOM U TEXHOJIOTMYECKH OPUEHTUPOBAHHOM MUDE.

BaxHO OTMETHTB, YTO 3TH BBIBOJBI U CIEACTBHS SBISIOTCS CHEIUPUICCKUMU JJISI KOHTEKCTa
Hamiero ucciefoBanus. HeoOXoaumbl NanbHEWIINE HCCIENOBaHHUS ATHX OaphbepoB U MYTH HUX
pemieHust, 4ToObl TOJY4UTh OOJiee MOJHOE NPEACTaBICHHWE O MpoOJieMax W TMOTEHIMAIbHBIX
pelieHusAx, B3auMOJACHCTByIOIIME ¢ uHTerpupoBanueM STEM B moaAroToBky Oymymimx
nHpopmarukos [10].

3akiroyenue

B sToMm uccnenoBaHuM aHAIM3UPYIOTCS KJIHOYEBBIE NMPENATCTBUS Ha MyTH BHenpeHus STEM-
0o0pa3oBaHMs B IIpOLECC MOArOTOBKM OyAymux yuurtened nHopmatuku. VccienoBanue BBIIBUIIO
HECKOJIBKO KJIFOUEBBIX MPENSATCTBUI, TAKMX KaK OrpaHMUYEHHBIM OCTYN K pecypcam, IpoOeMsl C
IIOATOTOBKOM YUUTEJIEH U HEJOCTATOYHOE COTPYAHUUYECTBO MEXAY Pa3INYHbIMU AUCLUAIIIIMHAMM.

HccnenoBanue noquepkuBaeT HEOOXOJUMOCTD LI€JI€HANPABICHHBIX HHUIIUATUB 110 MOBBILICHUIO
KBAJIM(HUKALMK yduTesel MHPOPMATUKU, NIEPECMOTPa CTPYKTYphl 00pa30oBaTeIbHbIX MPOIPAMM U
oOecriedeHrsl a/IeKBaTHOTO ()MHAHCHPOBAHUS W PECypcoB sl moanepxku BHenpenuss STEM
00pa3oBaHMs. YKpEIUIeHHEe MEXIUCHUILUIMHAPHOIO COTPYAHMYECTBA TAKXKE SIBISETCS KIFOUEBBIM
aCIeKTOM JUIsl OOMEHA OIBITOM U IepeoBOM NpakTUKOM. [[1s1 Oosiee mogHOro NoOHUMaHus nIpodiieM
u pa3pabotku 3¢ dexkTuBHBIX cTpateruii uaTerpauun STEM-00pa3oBaHus B OATOTOBKY yUUTENeH
MH(OPMATUKH HEOOXOAMMO IMPOBEJIEHUE JOMOJHUTENbHBIX HCCIEAOBAHUNA. OTO IMO3BOJIUT
pa3paboTaTh U BHEAPUTD PELICHHUs, KOTOPbIe TOMOTYT IIPEO0I0JIETh BBISIBICHHBIE OAphEpHl.

Taxum 06pa3oM, BBISIBICHHbBIE Oapbephl U CLIOCOOBI MX PELIEHUS IOMOTYT CIIOCOOCTBOBATH OoJiee
3¢ GeKTUBHON MOJArOTOBKE OynylMX MH(OOPMATHKOB. A TakXke, MOMOTYT B yJIyYIIEHUH KadecTBa
o0Opa3oBaHMsl, YTO B KOHEUHOM HUTOre MPHUBEAET K Jy4lleld MOJArOTOBKE CTYIEHTOB K Oyaymieit
Kapbepe B BICOKOTEXHOJOTUYHBIX OTPACIAX.
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TO THE QUESTION OF DIGITALIZATION OF UNIVERSITIESIN THE CONTEXT OF
STRIVING FOR ACADEMIC EXCELLENCE

Abstract
The article examines the possibilities of integrating digital technologies into university activities acrossits
four missions: teaching, research, employer engagement, and community interaction. These missions are
considered indirect parameters of academic excellence, which can be used to assess the effectiveness of
university education. The article also analyzes processes supporting university activities, particularly
management processes. An attempt is made to devel op scientific, methodol ogical, and conceptual foundations
for implementing the academic excellence initiative in higher education. The article provides detailed
descriptions of digital platformsand tools corresponding to each of the university's missions aimed at achieving
academic excellence. In conclusion, it is noted that digital transformation significantly impacts the
achievement of academic excellence through several key aspects: access to resources, personalized learning,
interactive teaching methods and virtual reality, flexibility and accessibility, collaboration and networking,
analytics and evaluation, innovative research, and future skills development. Thus, digital transformation in
universities creates conditions for a higher level of academic excellence by ensuring quality education that
meets modern requirements and challenges.
K eywor ds: academic excellence, digitalization of universities, digital transformation of universities, digital
university.
M.A. Cxuba®?, A.P. Typran6aesa®, H. Ckabypckuene', J1. INaBanbkuc®
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4 BunbHioc I'eIMMHHAC TeXHUKAIBIK yHHUBepcuTeTi, BunbHIOC K., JIuTBa PecryOmmkacet
5 JIuTBa seHcayIbIK FRUILIMIAPH! yHEBEpcHTETI, Kaynac ., JlutBa PecriyGnukacs
AKAJIEMUASITBIK BACBIMJIBLUIBIKKA K¥YMBITTAHY KAFJAMBIH/IA
YHUBEPCUTETTEPIAI HUPPJIAHIABIPY MOCEJIECI TYPAJIbBI

Anoamna

Makanana aBTopiap YHUBEPCUTET KbI3METiHE UG PIBIK TEXHOJIOTHSIIAPABI €HI13y MYMKIHIIKTEPiH OHBIH
TOPT MHUCCHSCHI: OKBITY, 3epTTEY, )KYMBIC OEpyIIJIEpPMEH 63apa dpeKeTTeCcy, KOFAMMEH ©3apa dpeKeTTecy —
apKbUIbl aKaJIEMUSUIBIK OAChIMIBUIBIKTBIH KON ©JIIIeMIl MOICIIHIH TaOWFu KbIpJIaphbl OOJIBINT TaObLIATHIH
KOHTEKCTIH/IE KapacThlpalbl. biliM camachlHBIH KaHaMa IapaMeTpiiepi OoibIn TaObUIATBIH TaHBUIFaH
PEUTHHTTEPIiH KpUTEPHIIEpiHe TaIay )Kypri3inai. Makanaaa COHBIMEH KaTap YHUBEPCUTET KbI3METiH, OHbIH
inriHge Oackapy IpOLECiH KaMTaMachl3 €TEeTiH OH3HeC-TpoIecTep MEH MpouecTepdi HupiaHabpy
MYMKIHIKTepI TangaHaabl. JKorapsl OUTIM calachlHIAFbl aKaJIeMHUSJIBIK 0achIMBUIBIK 0acTaMachlH XKYy3ere
achlpy YVIIIH FBUIBIMH, SAICTEMENIK >KOHE TYKBIPBIMAAMAIBIK HEri3li o3ipieyre TallbIHBIC >Kacajljibl.
AKaJIeMUsUTBIK 0aChIMIBLIBIKKA KOJI )KETKI3Y YIIIH KOJIaHbIIAThIH HU(PIIBIK TEXHOIOTHsUIAp, IutaTdopMaiap
MEH Kypajljap YHHBEPCHUTET MHCCHUSIApbl KOHTEKCTIHAE erkel-rermkeini  cumarranrad. O
YHUBEPCUTETTEPAIH LHUQPIBIK TpaHcHOpManMsIChl KeJlecli HETi3ri acHeKTiiep apKbUIbl aKaJeMHUSUIBIK
0aCBIMJIBUTBIKKA KETYT'€ alTapIIbIKTai ocep eTelll IETeH KOPBIThIHBIFA KEeJIe/i: pecypcTapra KOJDKeTIMILIK,
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nepOeCTeHIIPIIreH OKBITY, HHTEPAKTHBTI OKBITY ONICTepi MEH BHUPTYaJJbl IMIBIHIBIK, MKEMAUTIK I€H
KOJDKETIMIITIK, BIHTHIMAKTACTHIK JKOHE JKEJUTK OaillaHbic, aHATIWTHKA JXKOoHE Oaraiay, WHHOBAIWSIIBIK
3epTreysep, Oomamak AarapuiapelH JamMbITy. OcbUTaiilna, YHUBEPCUTETTEPAIH HU(PIBIK TpaHCHOPMALIUSICH
aFpIMJarel JKOHE OoNaliak TajanTap MEH MiHAETTepre jkayan OepeTiH akaJeMHSIIBIK OachIMABUIBIKTHI
KaMTaMachI3 €Ty VIIIiH )KaFaai *Kacalpl.

Tyiiin ce3nep: akageMIsUTBIK Ie0epITiK, YHUBEPCUTETTEPAl UG PIAHABIPY, YHUBEPCUTETTEPIIH MU PIBIK
TpaHCc(HOPMALUSCHI, HTUPPIBIK YHUBEPCHTET.

M.A. Ckuba® 2, A.P. Typran6aesa®, H. Cka6ypckuene', JI. [TaBanbkuc®
! Anmatel MenemkmenT YuuBepeurer, r.AnMarel, Kasaxcran
2 HaumoHaNbHbIH IIEHTpP pa3BUTHS BBICLIETO 00pa3oBaHus, I.Actana, KazaxcraH,
3 KazaxcKkuil HALIMOHAJIBHBIM YHUBEPCUTET MMeHH anb-Dapabu, r.Anmarsl, Kasaxcran,
4 BUIILHIOCCKHMH TEXHUYECKUH yHUBEpCHTET uMeHH [enumunaca, r.Bunbhioc, Jlutosckas Pecrny6iuka,
® JINTOBCKMIA YHUBEPCUTET HAYK 310pOBbs, I.Kaynac, Jlutosckas Pecny6nuka
K BOIIPOCY O IU®POBU3AIIMU YHUBEPCUTETOB B KOHTEKCTE CTPEMJIEHUA
K AKAJEMAYECKOMY IIPEBOCXOJACTBY

Annomayus

B cratbe aBTOpaMu paccMaTpHBAOTCS BO3ZMOKHOCTH HHTETPALMK IIM(PPOBBIX TEXHOJIOTHHI B IEITEIILHOCTh
YHHUBEPCUTETa B pa3pe3e ero 4YeTblpex MHUCCHUH: o0OyueHHe, WCCIeIOBaHNe, B3aUMOJICHCTBHE C
paboToaaTensiMu, B3aUMOICHCTBHE C O0IECTBOM, KOTOPBIC TIO CBOEH CYTH SIBJISIFOTCSI TPAHSIMH MHOTOMEPHON
MOJIETH aKaJIeMHYECKOTO MPEBOCXOACTBA. [IpoBeneH aHanM3 KpUTEpHEB, TNPH3HAHHBIX PEHTHHIOB,
SBJIIONIMXCS KOCBEHHBIMH IIapaMeTpaMH KadecTBa o00Opa3oBaHus. Takke B CTaThe aHAITM3HPYIOTCS
BO3MOXXHOCTH IM(poBU3aIH  OM3HEC-TIPOLIECCOB M MPOILECCOB, IMOAJCPKHUBAIOIIUX  JESTEIBHOCTh
YHUBEpCHTETa, B TOM 4HCIE Tpolecca ynpaBieHus. [IpeanpuHsATa MOMBITKA pa3pabOTKM Hay4HO-
METOJIOJOTUYECKUX M KOHLETITyaIbHBIX OCHOB PEaM3alliyl HHUIMATHBBI aKaIEMIIECKOTO PEBOCXOICTBA B
cdepe BeIcHIero oOpazoBanusi. [logpoOHO omucaHbl B pa3pe3e MHUCCHH By30B LU(PPOBBIE TEXHOJIOTHH,
1aThOpMBl  MHCTPYMEHTBI, HCIONb3yeMble MJIsi JIOCTHKCHHUS aKaJeMHYecKOro TpeBocxojacTBa. B
3aKJTIOYCHUH C/IETaH BBIBOJ O TOM, 4TO IH(poBast TpaHcHOpMaIisl YHUBEPCUTETOB CYIIECTBEHHO BIIUSET Ha
JOCTIDKEHHE aKaJeMHYECKOTO MTPEBOCXOJICTBA Yepe3 CIEAYIOIINE KIIOUYEBbIe acleKThI: JOCTYI K pecypcam,
MEPCOHAM3UPOBAHHOE 00yUCHHE, HHTEPAKTUBHBIC METOABI OOYUEHHS M BUPTYAIbHAS peallbHOCTh, THOKOCTh
U JIOCTYITHOCTh, COTPYAHHYECTBO M CETEBOE B3aMMOJCHCTBHE, AHAJIMTHUKA M OICHKA, MHHOBAIIMOHHBIC
UCCJIeIOBaHMUS, Pa3BUTHE HABBIKOB Oyaymiero. Takum oOpazom, nudposas TpaHcHOpMAIHs YHUBEPCHTETOB
CO3JIaeT YCJOBUS sl OOecrieueHHsl aKaJeMHYeCKOTro IPEBOCXOJCTBA, OTBEYAIOIIET0 COBPEMEHHBIM H
OyaymuM TpeOOBaHHUSM U BBI30BaM.

KaioueBble cjoBa: akaJeMHUYecKoe MPEBOCXOJCTBO, LU(PPOBU3AIMS YHUBEPCHTETOB, LU(PPOBas
TpaHchopMaInsl YHUBEPCUTETOB, IN(PPOBON YHUBEPCHTET.

Main provisions

Digital technologies have had a significant impact on the specifics of the learning process at
universities, creating new opportunities and changing the roles of students and teachers. Academic
excellence involves continuous improvement in the process of preparing competitive graduates that
meets the changing requirements of the labor market and the post-industrial economy.

The rankings contain direct and Digital transformation of universities significantly affects the
achievement of academic excellence through severa key aspects. access to resources, personalized
learning, interactive teaching methods and virtual reality, flexibility and accessibility, collaboration
and networking, analytics and assessment, innovative research, development of skills of the future.
indirect indicators of the quality of education and academic excellence in the context of university
missions.

Theintegration of digital technologies into the activities of the university occurs in the context of
its four missions: teaching, research, interaction with employers, interaction with society, as well as
in the context of the processes supporting the activities of the university, particularly the management
process. The digitalization of education increases competition between universities, moving it from

271




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ned(88), 2024 2.

thelocal to the global level, in connection with ensuring the sustainability of universities and creating
ecosystems in which universities play leading roles is of particular importance.

Introduction

Academic excellence is acomplex concept that involvestraining professionals at universitieswho
succeed in the job market and support the country's competitiveness. Initiatives aimed at achieving
academic excellence focus on advancing universities, continuously improving education, and
increasing graduates' competitiveness. Digital technologies have led to the emergence of concepts
like Economy 4.0 and the post-industrial economy, marking another information revolution that has
reshaped professions and occupations. However, the digitalization of real, product-producing sectors
of the economy has significantly outpaced the digital transformation of education [1]. The speed and
volume of information processing have changed. The internet, social media, big data, and artificial
intelligence have brought people closer together, creating aunified space where everyoneisinformed,
aware of global processes, and can access information about anyone. Marshall McLuhan's 1962
metaphor of a"global village" has become areality. The application of the quintuple helix model in
universities supports their sustainability by digitizing all processes, integrating various development
perspectives for the benefit of society [2]. The transformation of society is aso changing university
processes, including digitalization and analysis [3]. Researchers suggest that such measures are
common in most neoliberal university policies within the context of academic excellence programs.
Digitalization has become a critical factor in decision-making for effectively implementing quality
standards, as it allows the use of numerous standardized forms and templates to automatically
recognize and analyze data needed for management decisions. The trend towards enhancing
university efficiency and reducing costs involves ensuring sustainability through continuous big data
analysis during decision-making [4]. Digital transformation is leading to the emergence of the digital
university model — asmart university where all processes are digitized at asystemic level, prioritizing
Al technologies [5].

Universitiesin the new digital reality must systematically address challenges such as globalization,
attracting new students, entering new markets, marketing promotion, massification, digitalization,
creating digital twins, and promoting sustainable development goals [6]. Consequently, universities
are evolving towards a new model called the digital university, which involves not only integrating
new technologies but also strategically transforming systems, processes, and people [7-8]. Digital
universities will dominate the education market and become leaders, provided they transform into
partnership ecosystems that facilitate the acquisition, exchange, and generation of digital skills and
technologies necessary for developing and managing the digital world [9]. Academic excellence
becomes unattainable without the systematic digitalization of universities.

The standardization of university processes, harmonization of education levelsbased on the Dublin
Descriptors, Qualification Frameworks, and Professiona Standards, as well as internationalization,
academic mobility, accreditation, and distance learning, have laid the foundation for viewing the
university as afractal and allowed the duplication of processes, approaches, teaching materials, and
instructors. As a result, universities are gradualy transforming into a global, distributed campus.
Universities, through digital technologies, provide people with opportunities for educationin avirtua
environment, ensuring educational quality while changing the roles of teachers and students. The
accessibility of education and digital educational resources has exponentially increased [10-11].

Thus, there is a need to identify the impact of digitalization of universities in the context of the
pursuit of academic excellence through the devel opment of scientific and methodol ogical foundations
and concepts. At this stage, thereis very little research on thisissue.

Resear ch M ethodology
The research employed a multifaceted methodol ogical framework, incorporating systems analysis,
narrative review, and reflective practices derived from administrative activities within the university
context. The conceptualization of the "digital university" remains nascent, necessitating an evolving
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methodological approach that integrates both theoretical models and practical applications. The study
utilized a combination of qualitative and quantitative data sources to assess the impact of digital
technologies on university processes, with a specific focus on academic excellence and its associated
indicators.

Results of the study

Digital Transformation in Higher Education

The transformation of higher education institutions into digital ecosystemsis vital to maintaining
academic excellencein the 21st century. Digitalization affects various facets of university operations,
from teaching and research to governance and external engagement.

1. Educationa Enhancement. Digital tools such as Learning Management Systems (LMS) and
Massive Open Online Courses (MOOCSs) provide globa access to education. By personalizing
learning experiences and expanding access to high-quality content, universities can reach a diverse
population of students[11] (Alenezi et al., 2023). Hybrid learning models — combining in-person and
online methods — further facilitate student engagement and knowledge retention.

2. Research and Collaboration. Cloud-based collaboration platforms and virtual research
environments have revol utionized academic research. Thesetools enablereal -time, cross-institutional
collaboration, allowing researchers to conduct experiments using virtual labs, data analytics, and
simulation tools [4] (Sulkowski, 2023). The digital university enhances research output by fostering
innovation and interdisciplinary collaboration.

3. Governance and Decision-Making. Big data analytics and Al-driven tools have become
integral to university decision-making processes. Data gathered through administrative, academic,
and financial systems are used to track performance, forecast trends, and optimize resource allocation
[6] (Giesenbauer & Miiller-Christ, 2020). These technologies aso provide insights into student
success, allowing institutions to tailor interventions for students at risk of academic failure.

4. Challenges and Considerations. Despite the opportunities offered by digital transformation,
universities face significant challenges, including the digital divide, cybersecurity concerns, and
infrastructure limitations. Addressing these challenges requires a balance between adopting new
technol ogies and ensuring equitable access to resources [5] (George & Wooden, 2023).

Digital University as a Strategic Ecosystem

The digital university model encompasses more than the mere adoption of technologies. It
represents a shift towards a strategic ecosystem that fosters collaboration, innovation, and
sustainability.

1. Coallaborative Ecosystems. Digital universities form partnerships with industries, research
ingtitutions, and technology providers to create a networked ecosystem. These partnerships provide
students and faculty access to state-of-the-art technologies, enhancing both the learning environment
and research capabilities [7] (Fernandez et al., 2023).

2. Sustainability and Infrastructure. The digital transformation process supports sustainable
development by optimizing resource usage and reducing operational costs. Cloud computing, Al-
based decision tools, and other digital solutions enable universities to align with the United Nations
Sustainable Development Goals (SDGs) [2] (Carayannis & Morawska-Jancelewicz, 2022).

3. Virtual Learning Environments. The advent of virtual campuses and digital learning
environments offers greater flexibility and accessibility in education. This approach supportslifelong
learning, allowing individuals to continually upskill and adapt to the demands of the digital economy
[9] (Rousseau, 2023).

Digital technologies to achieve academic excellence

The use of digital technologiesin higher education to achieve academic excellence encompasses
various aspects, from improving the learning process to enhancing research activity and data
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management. Below are the main areas of university digital transformation in relation to its processes
and ecosystem creation.

Academic excellence involves training competitive graduates who meet the evolving demands of
the labor market and post-industrial economy. The effectiveness of training, and therefore the level
of academic excellence, can only be assessed retrospectively over along period. However, there are
secondary indicators and criteria that are essentialy indirect parameters of academic excellence,
suggesting the effectiveness of university training. These parameters include the main criteria of the
four most well-known university rankings, categorized by the university's missions:

1. Teaching:

Academic reputation (QS, THE)

Ratio of undergraduates to doctoral students (THE)

Attractiveness to international students (QS, THE)

Attractiveness to international faculty (QS)

Student-to-teacher ratio (QS, THE)

Number of full-time faculty (ARWU)
- Development and teaching of courses on sustainable devel opment (Greenmetrics).
2. Research:

Research reputation (THE)

- Publication activity of researchers, including the number of publications per scholar in Scopus
(Q9)

- Number of publicationsin Nature & Science (ARWU)

Number of WoS-indexed publications (ARWU)

Number of publications prepared in collaboration with international researchers (QS)
WoS citation index (THE)

Number of Nobel or Fields Medal laureates among faculty (ARWU)

- Number of highly cited researchers among faculty and graduates (ARWU).

3. Labor Market Interaction:

- Employer reputation (QS)

Graduate employment rate (QS)

- Contribution to industry, revenue from companies using its inventions and innovations (THE).

4. Societal Engagement:

- Number of successful graduates (QS)

Research within the framework of the UN Sustainable Development Goals (QS)
Greenmetrics indicators of resource consumption and conservation
Compliance with environmental norms (Greenmetrics).

Dlgltal technologies play a significant role in advancing universities in globa rankings by
enhancing compliance with criteria, thereby indirectly influencing the quality of graduate training.
Below are the opportunities for integrating digital technologies into university activities based on its
four missions: teaching, research, employer engagement, and societal engagement, as well as
supporting university processes, particularly management. The university management process, like
all processes, follows the PDCA cycle — plan, implement, check/control, and make decisions.
Digitalization accompaniesall these stages. There are softwaretoolsfor strategic planning, cascading,
and monitoring. Corporate email systems that manage document flow ensure information
dissemination and support decision-making. Collaboration platforms like Zoom Workplace,
Microsoft Teams, and Google Workplace enable seamless work among colleagues, sometimes
located in different parts of the world, monitoring work processes and ensuring decisions are
implemented on time. Online meetings have become the norm, as Al now transcribes and subtitles
these meetings, which are then used to create minutes. Digital traces alow events to be recorded and
stored. Applications like Power Bl and others (Statistica, 1C. Analytics, etc.) enable data analysis,
visualization, accumul ation, and comparison of large volumes, facilitating deep, time-series research.
Modern corporate management systems impact productivity by monitoring staff activities, including
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account usage, university e-resources, cloud technology, scientific databases, digital libraries, and the
use of computer and printing equipment. Implementing CRM systems and other digital tools help
optimize administrative processes, improving efficiency. Using data to analyze program, course, and
initiative effectiveness allows universities to make informed decisions to enhance the academic
environment. The university's first mission is education — the transfer of societal culture into student
knowledge, meaning effectively fostering cultural internalization in a person’s mind. All attention is
focused on ensuring educational quality. All graduates must achieve the learning outcomes declared
in the program. The transmission of culture occurs both in education and character devel opment:

Online courses and MOQOCs allow universities to expand access to quality education, attracting
students from different regions and other countries. Furthermore, online courses attract students for
virtual academic mobility programs, which may later lead to offline education at other universities.

Educationa platforms enable universities to become global, recognized by students from
various countries. The availability of courses from leading universities posted on educational and
ingtitutional platforms levels the quality of education, showcasing the best teaching practices and
COUrses.

Hybrid learning, combining traditional and online methods, allows students to learn at their
own pace while teachers can tailor materialsto different learning styles.

Platforms for collaboration (e.g., Google Classroom, Google Docs, Microsoft Teams, Canva,
Notion, ClickUp) create interactive environments where students can engage with each other and
their instructors.

L earning management systems (LM S) manage educational processes, course transfers, student
progress tracking, data monitoring, and trend identification in university learning.

Adaptive learning systems analyze student performance and provide personalized study
material recommendations, enhancing knowledge acquisition.

Data analytics to track student performance ensures quality and process adjustments, helping
universities identify problem areas and provide timely support where needed.

Digital tools for collecting student feedback on courses and instructors help universities
improve education quality based on real data.

Digital laboratories, including virtual labs, allow experiments and research in a sdafe
environment with unlimited repetitions for each student.

Access to digital libraries 24/7 helps students and faculty find current information for
educational purposes.

Digital technologies allow universities to establish connections with educational institutions
worldwide, opening opportunities for student and faculty exchanges, joint research, and projects.

Software helps create unique educational paths by optimizing routes based on graph theory,
building optimal learning trajectories.

Messengers, corporate e-mail systems.

Research Mission:

Use of cloud technologies and specialized platforms (e.g., ResearchGate) for collaboration on
scientific projects accelerates research processes and improves quality. In joint research,
methodologies are transferred, best practices are adopted, and approaches are compared. An essential
factor is the presence of researchers who think beyond the boundaries and limitations inherent in the
research culture of a specific university or country. Another approach is to establish mirror
laboratories that conduct the same research in another country, constantly comparing and discussing
the results. Sometimes distributed laboratories emerge, where different stages of the research are
conducted at different universities. Virtual laboratories, where scientists from various countries can
work simultaneously, also deserve specia attention.

Organization of virtual and hybrid dialogue platforms, online forums, and conferences
simplifies the participation of scientists and students in international discussions, promoting
knowledge and idea exchange. New ideas are quickly transformed into knowledge and disseminated
to a broad audience of scientists. Online platforms facilitate the rapid spread of ideas and help find
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individuals interested in discussing or continuing the research. Additionaly, digital services like
YouTube and Facebook serve as repositories, storing broadcasts and various event recordings,
allowing access at any time.

Descriptive information models allow the collection, storage, and analysis of information
written in natural language.

Development environments (e.g., R Studio, MS Visual Studio) and specialized programs (e.g.,
MathCAD, MATLAB) enable the creation of mathematical models that form the basis of research.
These environments allow for simulation modeling, virtual debugging of models, and experiments.

Scientific platforms help identify top researchers, recognize those whose studies have gained
prominence, and provide equitable access to new knowledge.

Mission: Engagement with Employers

Digital student portfolios alow interested employers to access comprehensive information
about students.

Employers can promptly express their needs for research to be conducted by researchers and
students from various universities.

Digital and virtual technologies make it possible to involve students from different universities
ininternshipswithin virtual spaceswithout physical relocation, enabling dual learning and continuous
professional practice, particularly in humanitiesand IT programs.

Mission: Engagement with Society

University websites, digital educationa platforms, digital resources, and libraries provide
reliable information beneficial for devel oping the competencies of citizens and community members.
MOOCs deliver knowledge and foster new learning outcomes, upgrading existing competencies.

Universities a'so promote digital literacy in society by offering courses and programs for the
elderly, bridging skill gaps, expanding opportunities, and minimizing digital inequality.

In the digital world, universities’ role in informing the public extends beyond reporting on their
processes and specifics; they also actively participate in building a sustainable society, including
implementing the UN Sustainable Development Goals.

Discussion

Digital technologies open new horizons for universities in their pursuit of academic excellence.
Their use not only enhances educational quality but also promotes scientific achievements,
international cooperation, and effective management. It iscrucial for universitiesto actively integrate
these technologies into their practices, adapting to the modern demands of the educational
environment. Digitalization intensifies competition between universities, shifting it from alocal to a
global level, which emphasizes the importance of ensuring the sustainability of universities and
creating ecosystems where universities play a central role.

Conclusion

The digital transformation of universities plays a vital role in enhancing academic excellence. By
integrating digital tools into their core functions, universities not only improve the quality of
education but also strengthen research capabilities and foster global collaboration. However,
successful digital transformation requires a comprehensive strategy that incorporates technological,
organizational, and cultural changes. As universities evolve into digital ecosystems, they must
navigate challenges such as the digital divide and cybersecurity while leveraging the opportunities
presented by new technologies. Ultimately, digital universities will serve as catalysts for innovation,
contributing to the development of a more equitable and sustainable global society.

The transformation of digital universities into full-fledged digital ecosystems characterizes the
current stage in higher education development. These processes are systematic and encompass
various aspects of activities, creating new opportunities and aliances. The transition to digital
technologies not only changes traditional educational processes but also creates unigue opportunities
for personalized learning, increased accessibility, and improved quality of educational content.
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However, the successful implementation of digital university transformation requires a detailed
systematic approach, including technol ogical, resource, and organizational changes, aswell ashuman
capacity development. Additionally, social and cultura aspects must be considered to ensure
inclusiveness and equal access to educational resources for al students. In arapidly changing world,
digital universities should not only serve as knowledge repositories but also as open sources of
innovation, transforming society and contributing to the achievement of sustainable development
godls. In the aspect of human potential development, universities foster critical thinking, creativity,
and skills necessary for successful professional activity not only among students but also for regional
residents through lifelong learning. Thus, a country’s competitiveness directly depends on the quality
and attractiveness of higher education. In turn, the future of higher education will be defined by
universities ability to adapt to new challenges and leverage digitalization and artificial intelligence
opportunities. The digital transformation of universities significantly influences the achievement of
academic excellence through severa key aspects: resource access, personalized learning, interactive
learning methods and virtua redlity, flexibility and accessibility, collaboration and networking,
analytics and assessment, innovative research, and skills development for the future. Hence, the
digital transformation of universities creates conditions for a higher level of academic excellence,
providing quality education that meets contemporary demands and challenges.
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METHODOLOGY FOR DEVELOPMENT OF INTELLECTUAL ABILITIES OF
SCHOOLCHILDREN BASED ON DIGITAL TECHNOLOGIES

Abstract

The article discusses the use of digital technologies, aswell as active teaching methods for the devel opment
of students' intellectual abilities. In addition, one of the urgent problems of our time was discussed — the use
of digital educational technologiesin school education. Inthe article, its relevance was determined and studied
by a number of factors. The article examines the need to bring educational ingtitutions of modern society as
close as possible to modern digital technologies. The psychological and pedagogical literature compares and
analyzes the insufficient development of the methodology of this problem, the need to improve specialy
developed teaching methods for digital technologies and the development of intellectua abilities of
schoolchildren. The ways of solving the problems caused by the lack of equipment for the use of new
information technologies in schools and in-depth education of children in the digital education environment
are proposed. The article examines the possibilities of using the digital educational environment in the
educational process and itsimpact on the formation of intellectual abilities of schoolchildren. The article also
examines a number of needs in the development of pedagogical conditions for the devel opment of intellectua
abilities of older and preschool children in the process of using the digital educational environment in
educational organizations. The authors of the article intend to further improve their methodol ogy.

Keywords: education, digital technologies, methods, educational process, analysis, training.

B.K.Cmaryn®, B.JI.Coineixos?, I'.JK. AnyapGekosa’
1KazaxckuitHAITMOHAIBHBIH ITeJarOrnYeCKHit yHUBepcuTeT uM. Abas, . AiMathl, Kazaxcran
METO/IUKA PA3BUTHUS UHTEJIJIEKTYAJIBHBIX CHOCOBHOCTEM IKOJIBHUKOB HA
OCHOBE ITU®POBBIX TEXHOJIOTI' Ui

Annomayus

B crathe paccMaTpuBAaIOTCS BOMPOCHI HCIOJB30BaHMS IM(POBBIX TEXHOJOTHMH, a TaKXKe AKTHBHBIX
METOJIOB OOYUYCHHUS JUTsl Pa3BUTHS HHTEIUICKTYAIBHBIX CIIOCOOHOCTEH yuanuxcs. KpoMe Toro, o0cyxanach
0JIHA U3 aKTyaJIbHBIX MIPOOJIEM COBPEMEHHOCTH — UCIIOJIb30BaHUE [IM(PPOBBIX 00Pa30BaTEIIbHBIX TEXHOJIOTHUIH
B NIKOJbHOM 00pa3oBaHuM. B cTaThe ee aKTyallbHOCTh ONpEACsiach W H3ydanach pSaoM (HaKkTOpOB.
Hccnenyercs He0OXOAUMOCTh MAKCHMAJIbHO MPHOJM3UTH 00Pa30BaTEIbHBIC YUYPEKICHHS COBPEMEHHOTO
o0IecTBa K COBPEMEHHBIM ITU(PPOBBIM TEXHOJOTHAM. B  ICHXO0JI0r0-Tearoruyeckoil Jimreparype
COIIOCTABJIIIOTCA M aHAJIU3UPYIOTCSA HEI0CTATOYHAs pPa3pabOTaHHOCTh METOAOJIOTMH 3TOH MPOOJIEMBI,
HEOOXOJIUMOCTh COBEPILICHCTBOBAHUS CIICIHATBHO pa3pabOTaHHBIX METOJIOB OOydYeHHs K IU(PPOBBIM
TEXHOJIOTHSIM W Pa3BUTHE WHTEJUICKTYAIBHBIX CIIOCOOHOCTEH MIKOJIBHUKOB. [Ipe/uioskeHbl MyTH pelieHUs
mpo0JieM, BBI3BaHHBIX OTCYTCTBHEM OOOPYJIOBaHUS JIJISI HCIOJb30BAaHUS HOBBIX HH(OPMAIIMOHHBIX
TEXHOJOTMI B MIKOJAaX W YIiayOJIeHHOro oOydeHus aered B cpepe IudpoBoro odpasoBaHus. B crarbe
paccMaTpuBarOTCs BO3MOXKHOCTH HCITONIb30BaHUs MU(GPOBOH 00pa3oBaTeabHON cpellbl B 00pa30BaTeIbHOM
MPOLIECCE U €€ BIIMsAHUE Ha (HOPMUPOBAHUE MHTEIUIEKTYaIbHBIX CIIOCOOHOCTEH MIKOJILHUKOB. B cTaThe Takke
M3y4eH psja MOTPeOHOCTEH B pa3pabOTKe IE€Aarord4eCKMX YCJAOBHMU Pa3BUTHS HHTE/UICKTYaJIbHBIX
CHOCOOHOCTEW JieTell MIaJIIeroM CTapliero Bo3pacTa B IPOINECCE HCIOJIb30BaHUS  HU(POBOH
o0Opa3oBaTebHON Cpefibl B 00pa30BaTENIbHBIX OpraHU3alusaX. ABTOPBI CTaTbd HAMEpPEHbl W JabIle
COBEPIIICHCTBOBATh CBOIO METOIOJIOTHIO.

Kuarouessle ciioBa: o0pa3zoBanue, U(POBEIE TEXHOJIOTHH, METOIbI, Y4eOHBIN ITPOIIECC, aHATN3, O0yUCHHE.
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B.K. Cmaryn?, B.JI. Ceiapixost, I'JK. Anyap6ekosal
1AGaii aTeiagarsl Kazak yITTBIK II€IarOTHKAIBIK YHUBEPCHTETI, ATIMaTH K., KazakcTran
HU®PPJIBIK TEXHOJOI'UAJAP HET'I3IHAE MEKTEII OKYHIBIJIAPBIHBIH 3UATKEPJIIK
KABUIETTEPIH JAMBITY 9JICTEMECI

Anoamna

Makanaga UUQPIBIK TEXHOJOTHSJIAPABI, COHAAW-aK OKYIIBUIAPABIH HWHTEIJICKTYaIABIK KabijgeTTepiH
TAMBITY YIIiH OKBITYABIH OeNICEeH/l 9AicTepiH KOIIaHy Macenenepi KapacTeipbutaasl. COHBIMEH KaTap, Ka3ipri
3aMaHHBIH ©3€KTi MocenenepiHiH Oipi — MekrenTe UUGPIBIK OUTiM Oepy TEeXHOIOTHSIIAPBIH KOJNJAHY
TanKbpUlaHFaH. Makanaga OHBIH ©3eKTUIr Oipkatap ¢akTopiapMeH aHBIKTaNIbl jkoHe 3eprrenai. Kaszipri
KOFaMHBIH 0171iM Oepy MekeMenepiH 3aMaHayH U (PIIBIK TEXHONOTHsUIApFa OapbIHILA )KaKBIHIATY KaXKEeTTLIIr
3eprreireH. [ICHXOMOTHSITBIK-TICIarOTHKANBIK, 9IeOHETTEp/Ie OCHI MOCEJICHIH OiCHAMACKHIHBIH KETKITIKCI3
JaMybl, TUQPIBIK TEXHONOTUSIIAPFA OKBITY/IBIH apHaWbl 931pJCHICH 9ICTEPiH KETUIAIPY KaKETTUIIr KoHe
OKYLIBUTAPABIH MHTEIUICKTYANIBIK KaOlIeTTepiH JaMBITy CaNbICTHIPBUIABI JKOHE TaldaHaabl. MekTenTtepae
KaHa AaKmapaTTHIK TEXHOJOTHSUIAPABl KOJAAaHyFa JKoHe IUQPIBIK Oimim Oepy oprackiHma Oanmamapabl
TEPeHJETIN OKBITYFa apHaIFaH >KaOIbIKTapAblH OONMaybIHAH TYBIHIAFaH MOCENeNepl LICHIy JKOJIapbl
ycoHBUIABL. Makanana OiniM Oepy mporecinae HUQPIbIK OiliM Oepy opTachlH HaiganaHy MYMKIHIIKTEpi
JKOHE OHBIH OKYIIBUIAPIBIH 3UATKEPIIK KaOLIETTEpiH KaJbINTAcThIpy oiicTeMeci 3eprrenai. Makanana
COHBIMEH Katap OuriM O6epy yilbiMaapeia/ia TUQpIbIK OiiM Oepy OpTachklH NaianaHy MpOIECiHACKII JKoHe
YJIKEH JKacTarbl OaianapablH 3UATKEPIIiK KaOUICTTePiH JaMBITYbIH MEAaroruKajbIK KaF JaiiapbiH a3ipieyaiH
OipkaTap KaXeTTUIIKTepi 3epTTesred. Makana aBTopiapsl ©3 9JIICTEMEIIEPiH opi Kapai )KeTUIIipyai Ke3uen
OTBID.

Tyiiin ce3aep:0inim Oepy, MUGPIBIK TEXHOIOTHIIAD, diCTEP, OKY MPOIIEC], TNy, OKBITY.

Main provisions

The study is devoted to the development and application of a methodology for developing
intellectual abilities of schoolchildren using digital technologies. The main ideaisto integrate digital
toolsto develop critical thinking, logical analysis, creative and analytical skills of students. The study
proved that the use of digital technologies increases motivation for learning and allows you to adapt
the educational process to the individua characteristics of schoolchildren. The results show that
digital methods contribute to the development of such skills as analysis, synthesis, comparison and
abstraction. The conclusion is that modern digital approaches are an effective means for the
intellectual development of schoolchildren in a dynamically changing educational environment.

Introduction

Reforming the education system, which is the main condition for rapid socio-economic growth.
Socia development, development and stability of the country are considered a necessary condition
for creating an innovative economy. The competitiveness of a country's education system is an
important component of global competitiveness. There must be constant technological innovation.
The rapid development of innovation and rapid adaptation to the needs and requirements of arapidly
changing world, as well as access to quality education, are one of the most important values in
peopl€'s lives and one of the main factors of economic justice in the world. society. and society.
political stability [1].

Changes in the nature and results of modern education correspond to its main goals and content,
giving specia importance to the development of creative abilities and independence of
school children. Important aspects are increasing their competitiveness, acquiring flexible skills and
improving the quality of education. The system of higher professional education should prepare
specialists capable of making informed and responsible decisions in the conditions of a dynamically
devel oping society.People who can foresee possible consequences. People who can work together are
flexible, dynamic, creative, capable of self-improvement, respectful and competent. Ethics and
entrepreneurship are responsible for the fate of the country [2]

Currently, the process of dissemination of social information has accelerated significantly.

Profound changes are taking place in all spheres of human life. The importance of both production
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and consumption of information is growing. For the successful development of modern society,
higher education plays akey role in the creation and implementation of new ideas. It is characterized
by openness, readiness to perceive new things, critical thinking and the ability to view the world
holistically, as well as to find effective solutions to emerging problems.From this point of view,
educational activities in schools are gradually developing today. It is no longer possible to limit
ourselves to giving and receiving information. The purpose of school is to develop educated,
intelligent, educated and effective thinkers and to acquire the necessary skillsand qualifications. They
can independently develop their knowledge throughout their lives, since the time needed to
successfully assimilate the necessary information is limited. Therefore, it is necessary to find and
implement ways to optimize the educational process in schools: reinforcement lessons. Using
innovative teaching methods to support students cognitive and intellectual devel opment. and develop
the communication skills and abilities necessary for effective learning [3].

Resear ch M ethodology

The main types of digital technologies include mobile learning, cloud computing, online courses,
gaming, and online assignments. Mobilelearning technol ogies are gaining popularity in the education
sector. The continuous development of digital learning technologies is the ultimate goal of business
education, enabling students to develop competitive value and become qualified professionals.
Therefore, the main role of teachersisto use digital technologies in the learning process, taking into
account the individual capabilities of students. The modern labor market requires training for skilled
workers and creates new requirements for the use of innovative technologies in education. We are
currently looking for graduates with a background in digital technologies. One of the main goal's of
educational institutions is to provide students not only with theoretical knowledge, but also with the
skillsto use information technology, to independently receive and analyze information [4].

Universities should increasingly use digital technol ogies and modern textbooks and learning media
based on technology. Digital educational technologies are a new approach to conducting educational
lessons using electronic systems. The use of digital technologies is aimed at improving the quality
and efficiency of the educational process and the successful socialization of school-aged children.
Many researchers believe that the development of digital technologiesin the education system is the
result of reducing workload and developing independent learning. Therefore, digital educational
technologies are actively used to support and improve the quality of education, ensure mutual
cooperation between teachers and students, and quickly eliminate students' knowledge deficits [5].

The possibilities of digital technology for student learning include:

- Good flexibility when performing activities and learning materials;

- Increasing children's activities in school;

- Personalizing the learning process;

- Increasing the visibility of the materids;

- Direct feedback to the teacher;

- School children can see the results immediately after completing the activity.

Scientists believe that since digital technology is an important part of socia life, learners are
expected to use various electronic devices in their lives, and their use in the learning process will be
easier. It will help you understand information better and process content more easily. Digital
technology improves the quality of education by meeting the individual needs of each learner by
decentralizing the educational process and setting goals according to the level of education. The use
of digital tools allows students to participate in the learning process, moving from passive perception
to active action when trying to complete atask [6].

Development of intellectual abilities of school children

Information and communication technology has the ability to influence the thinking process.
Creativity, communication skills and humanitarian socialization are solutions to the problems of
intellectual development of children in elementary school, high school, and college. Intelligence is
understood as arelatively stable structure of human mental abilities. The ability of schoolchildren to
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solve various problems and successfully adapt to the digital society plays a key role in the
development of their intellectual abilities [7]. There are different types of intelligence - linguistic,
logical-mathematical, spatial, interpersonal and others - each of which is used in certain educational
and life situations [8]. In the process of learning using digital technologies, children develop
important skills: recognizing and analyzing objects, observing and recording their characteristics,
making changes and recording results. Digital tools help school children devel op the ability to analyze
cause-and-effect relationships, strategically plan their actions several steps ahead, and develop plans
and strategies to achieve goals. Such mental operations as observation, classification, comparison,
analysis and synthesis become more effective when using digital platforms and software [9]. An
important aspect of intellectual development is the ability to highlight details and combine them into
a holistic idea of the object or phenomenon being studied. Digital technologies allow students to
practice abstraction, concretization and generalization, which helps them better absorb educational
material and devel op creative thinking.Aggregation facilitates the devel opment of concepts and laws:
classification according to any characteristics. This allows larger objects to be grouped into smaller
groups or larger compositions. Abstraction is understood as a mental activity that allows abstract
thinking about objects and phenomena in another place. Concreteness alows us to move from
speculative symbols and properties to specific properties of a particular object. This can lead to
thinking that deviates from reality [10]. Active learning tools and methods are used in modern
teaching technologies. This includes the use of information and communication technologies.
Promotes the development of students' thinking skills. Preschoolers and kindergarteners can think
concretely based on visual images and concepts. Give students specific examples. The teacher
understands the general properties and features of objects and phenomena. The essence and main
characteristics of these concepts consist of a gradual transition from visual-figurative thinking to
verbal-logical thinking [11].Although the thinking of preschool and preschool children is related to
concrete reality and direct observation and is based on certain logical principles, abstract and formal
logical thinking as early childhood education devel ops raises some problems. They will be given the
opportunity to think. Psychological functions analyze and think about one's behavior. And prepare an
action plan. Progressive and complex psychological activities promote the development of children's
intelligence. The use of images, programs and simulation environments promotes the development
of visual thinking and imagination [12]. Figure 1 below shows an exercise that promotes thinking.

Figure 1. Development of thinking in children of primary school age

The lack of cardiac activity further complicates the learning process. Children are encouraged to
recognize relationships between information, explore problem structures, and use principles and
theories to evaluate new scenarios. The development of logical thinking is supported by activities
aimed at solving children’'s psychological problems. These arelogic games, pattern-finding exercises,
mathematical problems, logical puzzles[13]. An excerpt from such exercisesis presented in Figure 2
below.
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Figure 2. Using interactive whiteboards at school

In addition, children are invited to participate in play-related activities, where they imagine and
act out play stories on their own. Ways to develop effective visual thinking include assembling
pictures using puzzles. Let's try to build structures using cubes and Lego blocks. Introduction of
information and communication technologies in education, extracurricular, extracurricular and
independent activities of school-age children [14]:

- Allow studentsto carry out an individual learning path, adjusting the learning process depending
on the content, amount and speed of absorption of the learning material.

- Helps to speed up and optimize the learning process.

- Activate students' cognitive activity when using modern application programs with interactive,
modeling, communication and multimedia capabilities.

- Increase students' activity and spontaneity during lessons.

- Increase engagement by conveying information in various graphic, audio and video formats.

- Improve the quality of learning results, since it alows repeated practice of acquired skills in
realistic situations and use of acquired knowledge in a playful way in new situations.

- Create conditions for forming appropriate self-esteem in students through computer management
of learning outcomes.

- Provides favorable conditions for learning and self-development without direct contact between
the teacher and the child.

- Increases comfort.

- Improves information and communication skills of students.

Computer technology engages cognitive processes and fosters creativity in young children.
Leveraging computer tools for enhancing children's intellectual capacities not only ensures the
successful completion of educational objectives but also bolsters cognitive skills and overall personal
growth. It cultivates the ability to foresee outcomes of actions and form strategies for effective
problem-solving [15]. Technigques and approaches in computer-based education for young learners
encompass utilizing multimedia, interactive tools, and e-learning resources, including educational
games. Creating educationa projects with Logo programming languages like Pervo Logo and
Logomir is part of this educational methodology. International internet-based education utilizing
hypertext and hypermedia technologies, telecommunications initiatives, research tasks employing
computer tools, virtual learning environments, exhibitions, museums, and libraries all contribute to
enriching the educational experience. Furthermore, theillustration of knowledge acquisition through
auditory means with headphones is depicted in Figure 3 below. Moreover, innovative training
systems, along with robotics design and programming, present rich educational resources. Presently,
there is a notable integration of e-learning components and technologies within formal education
systems [16]. The formulation of educational curricula for young learners hinges on a fundamental
pedagogical tenet that emphasizes the incorporation of playful elements to varying extents. This
underscores the significance of gaming as a pivotal mode of interaction for children with computing
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devices [17]. The visual representation in Figure 4 highlights the importance of presenting
educational content in a game format to enhance students understanding of the material.

Figure 4.Using an interactive whiteboard in
additional education classes

Figure 3.Using a laptop to solve tasks

Presently, there is a significant focus on educational tools driven by computers that facilitate a
playful approach to learning. This emphasis stems primarily from state mandates and the evolving
educational needs of students in both junior and senior school levels. Interactive educational games
serve as vehicles for fostering |earning processes. Engaging students with computer gamesin lessons
aids in cultivating their motivation to explore new concepts, fosters self-reliance in mastering fresh
material, and enhances the development of specific skills and competencies. The digitalization of
education has reshaped the paradigms of nurturing and educating primary and secondary school
children. The pivotal role played by computers in enhancing the intellectual capacities of preschool
and primary school children is now widely acknowledged. While computers offer extensive potential
for both gaming and learning, their impact on a child is profound. However, it is crucia to
acknowledge that optimal results in the intellectual development of primary and secondary school
children can only be achieved through the harmonious interplay between teachers, students, and
computers. The efficacy of computer-based educational games and developmental programs hinges
on the objectives set by educators, the strategies employed to attain these goas, and the
methodologies integrated into instructional practices. Consequently, educators who lead classes
within computer-based learning environments play a critical role, with their pedagogical acumen,
professional attributes, and adeptness in selecting appropriate computer applications for organizing
lessons crucial in fostering the intellectual growth of school-aged children[18].

Results of the study

The studies discussed in the article delve into the digital |andscape around young school children,
both at home and in educational settings. The research is based on information obtained from surveys
conducted among teachers, academics, parents and students. The main objectives include analyzing
thedigital environment within families and kindergartens (including accessto devices, usage patterns,
types of content, levels of adult digital literacy), examining the similarities and differences between
home and educational environments in terms of digital socialization, children's digital literacy and
the exploitation of digital technologies to develop schoolchildren's intellectual abilities.

The authors of the study came to the following findings and conclusions:

- The home digital environment of preschool children has varying degrees of intensity depending
on the age of the children. Children generally have access to several devices with various
functionalities, while parents demonstrate relatively high levels of computer literacy. Screen time
content often includes educational content that does not always match the age and psychological
profile of the child. Almost half of parents do not actively monitor their children's use of gadgets
and TV.

- In preschool institutions, the digital environment is mainly designed for adults, used by
administrators and teachers of preschools. Software and hardware infrastructure is often of poor
quality, which hinders operation and administrative functions. Administrators usually have more
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access to devices than caregivers, with most devices being inappropriate for preschool children.
Teachers and administrators assess their information and communication technology skills quite
positively, but many of them are looking to improve their skills and support children's digita
development (askill that many professionals currently lack) in the future.

- The use of digital devices is limited when it comes to interacting with children, with a sparse
distribution of devices intended for children. A small part of teachers focuses on increasing the
computer literacy of preschool children. Group-oriented, mainly stationary, technological resources
are predominant and serve mainly for educational purposes rather than for leisure activities.

- The integration of digital technology lengthens the educational process, requiring concerted
efforts from methodol ogists and teachers. However, the initiatives taken (or planned) by teachers are
often overlooked by parents, who believe that kindergartens have little support for children's digital
development. Despite this belief, parents rarely try to improve the situation.

- Parents generally do not consider kindergartens asimportant agents for children'sintegration into
the digital sphere. Nevertheless, they view teachers efforts positively, trusting them in the selection
of equipment and control over the use of digital technology.

- Teachers display mixed feelings about educational digitalisation: they recognise the potential
risks of early digital exposure for children, acknowledge their own skill limitations and struggle with
the technical constraints of their schools.

Discussion

Findings and future research directions emerging from the study underscore the benefits of digital
technol ogiesin education, notably in customizing the learning experience and tailoring it to individual
students. This transformative approach elevates education by prioritizing not only adherence to
curricular standards but also the consideration of students interests and unique abilities. The
incorporation of digital educational tools expands students' perspectives and provides fresh avenues
for knowledge acquisition in a structured and accessible manner. Advantages encompass reduced
administrative burdens, streamlined teaching processes, and enhanced student learning experiences,
fostering the devel opment of practical skills. By leveraging digital technologies, education transitions
to anew quality benchmark marked by the democratization of knowledge access.

Conclusion

Digital technologies are increasingly becoming indispensable tools for educators in preschool
settings, aiding in content structuring, simplifying information retrieval, facilitating the incorporation
of multimedia elements like illustrations, audio, video, and animations, and enabling the
implementation of personalized teaching approaches. The integration of digital educational toolsin
early childhood education shifts a child from a passive recipient to an engaged, active participant. It
sparksinterest even in the most reserved |earners, drawing them into the educational process. Modern
educators are tasked with harmonizing traditional practices with innovative techniques, blending
conventional methodologies with emerging pedagogical trends. While the future traectory of
preschool education remains uncertain, it is evident that preschool institutions are actively engaged
in the digital transformations of contemporary society. Subsequent research endeavors could explore
avenues such as enhancing educators' proficiency in leveraging digital educational environments and
enriching methodological support for utilizing digital technologies to cultivate the intellectual
capacities of older preschoolers.
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CREATION OF A SMART LIGHTING SYSTEM IN THE STUDY ROOM

Abstract
The relevance of the introduction of innovative technologiesin the educational processis steadily growing.
Today, smart lighting isincreasingly found in homes and offices, but it is ill rare in schools and universities.
The lack of ready-made solutions for classrooms is explained by the specific requirements for flexibility and
efficiency of lighting, as well as the expediency of creating various lighting scenarios in an educational
environment. "Smart lighting" in the classroom should include automatic brightness control depending on the
time of day and natural lighting, changing the color temperature of the light to create an optimal, comfortable
atmosphere depending on the time of day, uniform lighting settings for each workplace, integration with other
smart classroom systems. The purpose of this study is to study the influence of various lighting parameters
(brightness, color temperature, dynamics) on cognitive functions, emotional state, on thelevel of concentration
and academic performance of students; with thisin mind, the creation of a prototype smart lighting system for
the classroom, which will optimize energy consumption and create comfortable learning conditions.
Keywords: smart lighting, smart audience, digitalization, Internet of Things, biodynamic lighting,
automation, control sensors, control system, voice assistant.

I1LII. Typamosal, A.A. Amanrenaun®, K.B. Ceiimyonit, H.A. Texec6aepal, M.E. Epcin!
1AGaii atbingarel Kasak yITTBIK IeIarorHKaIbIK yHHBEPCHTETI, AnMaThl K., Kazakcran
OKY BOJIMECIHIAEI'T"AKBLJIAbI /KAPBIKTAHABIPY" ) KYUECIH KYPY

Anoamna

Binim Gepy ynepiciHe HHHOBAIMSIIBIK TEXHOIOTHSUIAP/IBI €HTI13Y I1H 63eKTUIIr yaaiibl ecin kenesi. byrinri
TaHJa "aKbULIBI" JKApBIKTAHIBIPY YWIEp MEH KeHCeJepe Kui KOJIaHbUIAJbI, ajaijia MEKTeNTep MEH
YHHMBEpCUTETTEpAe cupek ke3geceai. OKy FuMaparrapbl YVIOIH JalblH IMIEHIMICPAIH  OOJIMaybl
YKAPBIKTAHIBIPYIBIH UKEMJILTIrT MEeH THIMALUTITIHEe KOWBUIATHIH HAKTHI TANANTapMEH, COHJaii-aK OuriM Oepy
OpTaChIHAA OPTYPIIi KapBIK CIICHAPUINIEPIH KYPYABIH OPBIHABUIBIFEIMEH TYciHaipineai. OKy OenmMeciHmeri
"aKBUIABI KapBIKTAHABIPY" TOYIIK yaKbITbIHA >KOHE TAOUFH >KaPbIKTaHABIPYFa OalIaHbICThl KAPBIKTBIIBIKTHI
aBTOMATTHl TYPAE PETTEYAl, TOYNIK YaKbIThiHA OalJIaHBICTBI OHTAWJIbBI, Kaiabel aTMocdepaHbl Kypy YILUiH
KapBIKTBIH TYC TEMIIEPAaTypPachlH ©3repTy/ii, op KYMBIC OpPHBI YIIIH apBIKTAaHIBIPYABl OipKEJKi peTTey/i,
0acka akpUIBI CBHIHBIN OKYWelepiMeH WHTErpanusHbl KaMTybl KepeK. by 3epTTeyaiH Makcatbl
KapBIKTAaHIBIPYABIH SPTYPIIi NapaMeTpiiepiHiH (KapbIKTBUIBIK, TYC TEMIIEPATypachl, IMHAMUKA) KOTHUTHUBTIK
(dyHKIUsUIapFa, 3MOIMOHANIBIK KYHre, OKYWIBUIApABIH 3€HiHI MeH YITepiMiHe ocepiH 3epTTey OOJbII
TaOBUIA/IBI, OCBHIHBI €CKEepE OTBIPBIN, JHEPTUsS TYTHIHYIBI OHTAMIAHABIPYFa KOHE OKYyFa KOJIAHIIBI KaFmal
Kacayra MyMKIHJIIK OepeTiH oKy OenMeci YIIiH aKbUIIbI )KapbIKTaHABIPY KYHECIHIH IPOTOTHUIIIH Xkacay.

Tyiiin ce3mep: akbUIABl XapBIKTaHABIPY, AaKbUIABl ayIUTOpUs, UUPIaHABIPY, 3aTTap WHTEPHETI,
OMOIMHAMUKAJIBIK JKapBIKTAHIBIPY, aBTOMATTAHJABIPY, Oackapy ceHcopiaphl, 0ackapy Xyieci, NaybICTBIK
KOMEKILII.

[ILII. Typamosa®, A.A. Amanrenaun’, K.b. Ceiinxyann?, H.A. Tekec6aesal, M.E. Epcun !
'Kazaxckuil HAIIMOHAILHBII T1EJaTOTUYECKUH yHUBEPCUTET MMeHn AGas, r. Anvarsl, Kasaxcran

CO3JAHUE CUCTEMbBI «YMHOE OCBEHIEHUE» B YYEBHOM INIOMEIIEHUA

Annomayust
AKTyanbHOCTb BHEJPEHHSI MHHOBALIMOHHBIX TEXHOJIOTHI B 00pa30BaTeNbHbII MPOLECcC HEYKIOHHO PacTerT.
Ceroans "yMHOe" OCBELIEHME BCE Yallle BCTpeYaeTcs B AoMax U oucax, 0HAKO B ILIKOJIAX U YHUBEPCUTETAX
OHO TOKa peakocTb. OTCYTCTBHE TOTOBBIX peIIeHWH sl YYeOHBIX TOMEUICHUH OOBsCHSETCS
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cnenuuuecKuMu TpeOOBaHUSAMU K TUOKOCTH M 3(PPEKTUBHOCTU OCBEIICHUS, a TAKXKE IIeJIeCO00pa3HOCTH
CO3JIaHMS Pa3NUYHBIX CBETOBBIX CIICHAPHEB B 00pa30BaTENLHOW cpene. «YMHOE OCBEICHHE» B y4eOHOM
MOMEIIEHUH JJOJDKHO BKJIFOYATh aBTOMATHYECKOE PETYIMPOBAaHUE SIPKOCTH B 3aBUCUMOCTH OT BPEMEHHU CYTOK
YU ECTECTBCHHOTO OCBCIICHHS, M3MCHCHHE I[BETOBOM TEMIEpPaTyphl CBETa JUIA CO3JaHHS ONTHMAJIbLHOM,
KOMQpOpTHOU aTMOcdepbl B 3aBUCHMOCTH OT BPEMEHH CYTOK, PAaBHOMEPHYIO HACTPONKY OCBEHICHHUS IS
KaXJIOro pabodero Mecra, WHTETPAIMIO C JPYTMMH CHCTEMaMd YMHOro kiacca. lleipro jmaHHOTO
WCCIICIOBAHUS SIBIIICTCS W3YyYCHUC BIMSHHUS PA3JIMYHBIX IapaMeTPOB OCBEIICHUS (SIPKOCTh, I[BETOBAS
TeMmIeparypa, IMHaMHKa) Ha KOTHUTHBHBIE QYHKIIMN, SMOIIMOHAIBHOE COCTOSIHUE, HA YPOBEHBb KOHIICHTPAIIUU
BHUMAaHHUSI ¥ YCIEBAEMOCTh OOYYAIONIUXCS; C YYETOM OTOTO CO3JaHHE TMPOTOTHIA CHUCTEMbI YMHOTO
OCBCILEHUS JIJIs1 Y4eOHOTO MOMEIIECHUS, KOTOPBIH MO3BOJIUT ONITUMU3UPOBATH YHEPTONMOTPEOICHHUE U CO3/1aTh
KOM(OPTHBIC YCIIOBHS JUIsl 00yUCHUSI.

KaloueBble ciaoBa: yMHOE OCBEIICHHE, CMapT ayamropus, nudposm3anms, HTEpHEeT Berei,
OMOAMHAMUYECKOE OCBEIICHUE, aBTOMATH3allus, JaTYUKU YIPABICHHS, CUCTEMa YIIPaBJICHUE, T'OJIOCOBOU
IMOMOIIHHK.

Main provisions

Lighting plays an important role in the educational process. Properly selected lighting helps to
increase students' concentration and improve their academic performance. The article discusses the
issues of creating a "smart lighting” system that automatically adapts the light in the classroom to
different conditions and needs of students. Based on the results of studying the influence of various
lighting parameters on cognitive functions, emotional state, concentration level and academic
performance of students, as part of the project assignment, students created a prototype of a smart
lighting system for the classroom, which allows optimizing energy consumption and creating
comfortable learning conditions. The created system uses light, motion and time sensors to
automatically adjust the brightness of the light depending on the time of day, thelevel of natural light
and the presence of people in the room, voice control.

Introduction

The modern world is actively implementing Internet of Things (IoT) technologiesin all spheres of
life. Every year these technologies become more accessible due to lower equipment costs and the
rapid development of innovations. In the context of global digitalization, it is important to prepare
the younger generation for afuture where the use of 10T will be ubiquitous.

The educational system of the Republic of Kazakhstan has already taken steps in this direction.
The computer science coursein high school has a separate chapter dedicated to the Internet of Things.
However, one chapter is not enough for the comprehensive development of 10T technologies. It is
necessary to include them in the training of students through project activities, this is an excellent
opportunity for students not only to master theoretical knowledge, but also to apply it in practice. One
of the promising topics for I0T projects may be the development of "smart lighting” in classrooms,
which will increase energy efficiency and improve comfortable learning conditions, which is an
urgent task for modern educational institutions.

The concept of "smart lighting” is technically implemented in the context of a smart home, but
classrooms have their own characteristics that must be taken into account when creating smart
lighting. Lighting in classrooms plays akey role in creating a comfortable educational environment.
Properly organized, adaptive lighting that changes brightness and col or temperature depending on the
time of day and type of activity helps to create optimal conditions for learning, reduces eye fatigue
and increases concentration.

Traditional lighting systemsin classrooms often do not take into account the specifics of the visual
load of students and do not allow flexible adaptation of lighting to various types of activities and
depending on the time of day. The purpose of this study is to study the influence of various lighting
parameters on cognitive functions, emotiona state, on the level of concentration and academic
performance of students and, based on them, to create a prototype of a smart lighting system for the
classroom, which will optimize energy consumption and create comfortable learning conditions.
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Resear ch methodology

The study was conducted in three stages: theoretical, experimental and analytical. The choice of
research methods on each of them was determined by the goals and objectives of the study. At the
first stage, the following theoretical research methods were used: the study and analysis of literature
on the topic under consideration, as well as the analysis of existing solutions for the creation and
application of smart lighting in classrooms. At the experimental stage, asurvey of potential userswas
conducted to identify opinions on the feasibility of creating and implementing asmart lighting system
in classrooms with automatic brightness and color temperature control depending on the time of day
and type of activity in order to create comfortable learning conditions and improve the quality of
student academic performance. The analysis of the results of the study made it possible to develop a
conceptual model, determine the equipment and smart lighting control systems necessary for the
implementation, and create a prototype of a smart lighting system for an educational facility based
on them.

Results of the study

Light plays akey role in regulating our internal clock. Proper use of light allows you to maintain
healthy circadian rhythms, improve sleep, improve mood and productivity. The physiology of human
color perception is afundamental area of research that studies the mechanisms of interaction of light
stimuli with the visual system. Light, as a physica factor, has a significant effect on
psychophysiological processes, modulating the emotional background, energy level and cognitive
functions [1]. During the day (morning and evening hours), you can notice a decline in strength and
adecrease in human energy. A similar emotional response to exposure to natural light appears under
the influence of physical factors and appears in the body with the help of a hormona (chemical)
reaction. The control of biological clocks, seasonal and daily rhythms of the body all depend on the
influence of natural light on hormones [1].

A lack of light exposure can cause depression, reduce performance and cause anxiety. At the same
time, an optimaly selected light mode can improve mood, reduce stress levels and improve
concentration. Modern technologies, in particular, smart home systems and various IT solutions,
actively use lighting effects to create personalized lighting scenarios that can adapt to human
biorhythms, weather conditions and individual preferences. However, it should be bornein mind that
prolonged exposure to certain spectral ranges, for example, blue light, can negatively affect eye health
and disrupt circadian rhythms|[2].

In 2002, scientists discovered athird type of light-sensitive cellsin the retina of the eye, in addition
to those responsible for twilight and color vision. These cells react to the illumination around them,
although they themselves do not participate in the process of vision. They regulate biological
processes in the body, such as hormone synthesis and visua reflexes, depending on the level of
illumination [3]. The more natural light, the better for our health: it reduces the risk of depression,
improves mood, increases energy levels, concentration and productivity. But, unfortunately, not al
rooms have enough windows to provide the right amount of daylight.

The widespread use of lamps with electromagnetic controls in Kazakhstan, especialy 4x18 W
models with a mirrored grille, leads to a high level of light pulsation (38-49%). Such pulsation
negatively affects the visual system, causing increased fatigue, especialy in children under 14 years
of age[4].

Biodynamic lighting comes to the rescue, which mimics the behavior of the sun and synchronizes
with natural human biorhythms. It allows you to create alight close to natural in the room, adjusting
not only the brightness, but also the color temperature of the light. Modern lighting systems are
developed taking into account the influence of light on the emotional state of students. Biodynamic
lighting helps both in studies and in recreation, changing its parameters depending on the time of day
and human biorhythms (Figure 1). Research shows that during lessons, exams and tests, it is worth
using light with a high color temperature (4 500 — 5 000 K), which stimulates the body by reducing
melatonin levels and increases brain concentration and activity [5].
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Figure 1. Biodynamic lighting scenario

Warmer light is recommended at recess and in the corridors (2 500 — 4 000 K) to help students

relax and recuperate. Smart lighting, thanks to the use of biodynamic principles and modern
technologies, creates optimal conditions for learning:

— Energy efficiency with significant energy savings due to intelligent lighting control.
— Adaptive lighting with automatic adjustment of brightness and color temperature depending on

the time of day and type of activity, which helpsto reduce visual load, increase student concentration
and motivation, and improve the quality of learning.

In order to clarify the attitude towards the introduction of smart lighting in educational premises

Table 1. Survey results

and to assess its effectiveness in comparison with traditional lighting systems, a survey of potential
users was conducted. The survey was attended by school teachers, teachers and university students.
In total, 50 people from the teaching staff and 150 students were interviewed (Table 1).

General awareness

80% of teachers and 90% of students

75% of teachers and 85% of students

and opinion about | arefamiliar with the concept of "smart” | expressed the opinion that the use of

smart lighting lighting and understand its advantages | smart lighting can significantly
increase the comfort and efficiency
of learning in classrooms

The efficiency of 85% of teachers and 88% of students 70% of teachers noted that smart

smart lighting believe that smart lighting is much more | lighting reduces eye fatigue and

compared to effective than traditional lighting, asit increases students  concentration

traditional adapts to natural lighting conditionsand | during classes

the intensity of classes
Features of the 65% of respondents pointed to the The teachers stressed that smart

work of educational
facilities

difficulties associated with the lack of
ready-made solutions for the
introduction of smart lighting in
classrooms. The main reasons are the
peculiarities of the use of premises:
different modes of operation (lectures,
seminars, laboratory work) require
flexibility in light management

lighting should be integrated with
building management systems for
more accurate monitoring and
analysis of the use of premises

Analysis of the use
of premises

60% of teachers noted that classrooms
often remain unlit or, conversely, overly
illuminated, which negatively affects
concentration and overall comfort

70% of the participants expressed the
opinion that smart lighting can
automatically adapt to the number of
people in the room and current needs,
which will improve the conditions for
classes
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Despite the lack of ready-made solutions that take into account the specifics of classrooms, most
teachers and students support the idea of switching to smart technologies. The survey results showed
that 84% (42 out of 50) of teachers believe that smart lighting will significantly increase the comfort
and efficiency of learning. Many noted that flexible adaptation of lighting to various types of
educational activities will create more favorable conditions for the perception of information. One of
the teachers stressed: "Smart lighting will create a more comfortable and stimulating learning
atmosphere in the classroom." The students aso appreciated the potential of smart lighting, noting
that it will help reduce eye strain and increase concentration.

The smart lighting system for classrooms is an innovative solution that alows you to optimize
lighting in classrooms and classrooms, creating a comfortable and effective learning environment.
The system consists of LED lights, light, motion and presence sensors, aswell asacentral controller.
Sensors collect information about the level of natural light, class occupancy, and time of day. The
controller analyzes this data and transmits commands to the luminaires, adjusting the brightness and
color temperature of the light.

The distribution of natura light in classrooms is often uneven: the maximum illumination is
observed near windows - it islighter closer to the window, and darker further away. Ordinary lamps
are turned on for the entire audience, even if it is aready light at the window. Standard artificial
lighting systems do not take this feature into account, which leads to inefficient use of electricity. To
solvethis problem, you can install special sensors. They will measure how much light thereisin each
part of the room and automatically turn on or off the lamps. Installing sensors above each row of
desks will alow you to maintain a set level of illumination in each area of the classroom,
automatically adjusting the intensity of artificial lighting depending on the level of natural light. This
approach will ensure uniform lighting of all workplaces and reduce energy consumption.

A voice assistant can be used to control the "smart lighting" in the classroom. To date, there are
3 voiceassistantsthat understand Russian: Alice, Siri and Google Assistant (Table 2). When choosing
an assistant, it is important to understand that not only the voice recognition system is selected, but
also the devices and applications with which the control will take place.

Table 2. The main characteristics of popular voice assistants

Soecifications ALICE Sri Google Assistant
Voice recognition : . .
quality High High High
. Android, iOS, Wear
. Microsoft Windows, . '
Operating systems Android, iOSu Linux i0S, macOS OS, Android Auto u
Chrome OS
Smartphone/ Tablet/ : . .
Laptop/ PC Any device Apple Devices Any device
No, it only works
Unlocking vour through the launch of
g your the Yandex application Yes Yes
smartphone by voice e
(the exceptionis
Yandex.Smartphone)
. Apple HomePod (cnuama c
Smart Speaker Yandex. Sation npouseodcmea) Google Home
Smart Watches Elari KidPhone 3G Apple Watch Android Wear
To access fromthe
D Does not work with Internet, you will need to
Distinctive features o —
Sensors set up an additional Apple
TV or iPad
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The basic voice commands for controlling the light are the same for all assistants — turn on/off the
light and increase/decrease the brightness of the light. You can also use, for example, open/close
blindsif they are equipped with an electric drive. The ALICE voice assistant dock station was chosen
as aplatform for the implementation of smart lighting in the framework of this study, due to its high
flexibility and wide possibilities for the implementation of various projects (Figure 2).

O lamp Zone A

Smart switch WIFI ROUTER ) The lights fire far
module (relay) from the windows
= 90% |

Zone B
Lamps near the
windows
Brightness 50%

Alice Voice
control system

®

Figure 2. Layout of the proposed lighting system in the classroom

For voice control of the light, you definitely need the Internet, a voice assistant and a connected
smart room system. The voice assistant can be installed in any ordinary smartphone, tablet, laptop or
computer, smart speaker. In general, there are many options. The operation of the system is carried
out in thisway (Figure 3):

- Theuser gives acommand to perform a specific operation.

- Theteam is sent to the Yandex cloud.

- The system recognizes the command and transmits it to the cloud of the manufacturer of a
particular device.

- Dataisbeing transferred to the equipment.

y
7F  surm , |

module (relay)

@&

Speech Wireless

Recognition Cloud network
*

Alice Voice
control system |

Lamp

SMART CLASSROOM LIGHTING CONTROL

Figure 3. Intelligent lighting control in the classroom

Y andex Smart home management is provided through the Home with Alice app or by voice using
asmart speaker. To set up the Yandex Smart Home, you need to download the Home with Alice app
to your smartphone and create an account on the Yandex platform. After adding al the "smart"
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devices, they can be controlled by voice. In addition to the "turn on" and "turn off" commands, more
subtle settings are available: turn on the device for acertain time (or after sometime), turnonacertain
device mode. Using the application, you can not only turn on one of the devices, but also adjust its
operation, create a schedule or work scenario for it, which is convenient for setting various lighting
scenarios. And for aschool project, you can use a microcontroller-based hardware platform designed
for the development of smart devices and automated systems such as Arduino.

Like any programmable system, Arduino consists of:

- hardware — a printed circuit board with electronic components, connectors for connection,
including USB type, as well as other circuits;

- theprogram part is called a"sketch" or afinished program.

For a school project, the Arduino smart lighting kit will include ready-made standard parts and
components:

- Arduino Uno Controller;

- RTC DS3231 module — to get the current time;

- RGB LED or RGB ribbon for dynamic color change.

Connection pins:

- TheRGB LED is connected to pin 2.

- The RTC DS3231 is connected via the 12C interface (SCL to A5, SDA to A4 on the Arduino
Uno board).

The connection diagram of the smart lighting project is shown below, which changes the color of
the light depending on the time is shown in Figure 4.

RGB LED strip

Figure 4. Connection diagram of the smart lighting project

Description of the program operation:

1. The DS3231 RTC module is used to get the current time. The program tracks the time in the
clock and, depending on the time of day, changes the color of the lighting:

- Inthe morning (6:00-12:00), awarm white light turns on.

- inthe afternoon (12:00-18:00) — cold white light.

- inthe evening (18:00-22:00) — warm orange light.

- at night (22:00-6:00) — dimmed blue light.

2. An RGB LED or aNeoPixel-enabled ribbon changes its color depending on the current time.

Table 3 below shows the code of the smart lighting program, which changes color depending on
the time of day.
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Table 3. The program code

#include <Wire.h>
#include <RTClib.h>
#include < Adafruit_NeoPixel.h>

#define PIN 6
#define NUMPIXELS 1

RTC_DS3231 rtc;
Adafruit_NeoPixel pixels(NUMPIXELS, PIN, NEO_GRB + NEO_KHZ800);

void setup() {
Serial.begin(9600);

if (Irtc.begin()) {
Serial.printin(" The RTC module was not found ");
while (2);

if (rtc.lostPower () {

Serial printIn("setting the time...");
rtc.adjust(DateTime(F(__DATE_ ), F(__TIME_)));

}
pixels.begin();
}
void loop() {
DateTime now = rtc.now();

int hour = now.hour();
if (hour >= 6 && hour < 12) {

setLightColor (255, 223, 186);
}elseif(hour >= 12 && hour < 18) {

setLightColor(173, 216, 230);
elseif (hour >= 18 && hour < 22) {

setLightColor (255, 153, 51);

}
else{
setLightColor (0, 0, 139);

}

delay(1000);
}

void setLightColor(uint8_t r, uint8_t g, uint8_t b) {
for (inti = 0; i < NUMPIXELS, i++){
pixels.setPixel Color (i, pixels.Color(r, g, b));

}
pixels.show();
}

Discussion

Smart lighting in the educationa environment is a promising direction that alows you to create
more comfortable and effective learning conditions. As part of this study, a prototype smart lighting
system for the school classroom was successfully developed and tested. The system has demonstrated
the ability to adapt the light level and color temperature of the lighting depending on the time of day,
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the level of natura light and the tasks performed by the students. The developed system can serve as
abasisfor creating larger-scale solutions in the field of educational infrastructure.

Conclusion

When creating a smart lighting system in an educational institution, it is necessary to take into
account many factors, ranging from regulatory requirements to the specific needs of students and
teachers. It is important to choose reliable equipment, develop a competent project and ensure high-
quality installation and configuration of the system. For middle and high school students, smart
lighting projects can be not only an exciting activity, but also an excellent opportunity to deepen their
knowledge in the field of electronics, programming and the Internet of things. The experience they
gained during the implementation of the project can be useful in the development of other intelligent
automation systems.
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POBOTOTEXHHUKA IIOHIH OKBITYIA QJIEKTPOHABI CTEHATEPAI
KOJIJAHY JIbIH 9CEPI

Anoamna

AKkTebe eHipIiKk yHHBEpCUTETI MeH Eypas3us YITTHIK YHUBEPCUTETiHIH OipJeCKeH IKCIIEPUMEHTI asChIH/A
poOOT TEXHUKACHIH OKBITYJIa 3JEKTPOHMABI CTEHATEP/I MaiJanaHy THIMAUITIH Oaranay OOWBIHIIA 3EPTTEY
KYPrizinni. DKcriepuMeHTKe OaKbLIay-3KCIIEPUMEHTTIK TonTapra OeninreH 70 CTyIeHT KaThICTBL. AJIJIBIH ana
OimiMai Oaranay yImiH 25 cypakTBIK TeCT KONAAHBUIABL. bip cemecTpre co3puFaH 3KCIEPUMEHT HOTIDKEIepi
OOMBIHIIIA SKCTIEPUMEHTTIK TONTAFbI OUTIM JIEHTeHiHIH CTATUCTUKAIBIK KaFbIHAH alTapIIbIKTal KaKcapFaHbl
aHBIKTAIABI, Oy perre (p)-MoHi 0,0101. CayanHama KOPCETKEHICH, CTYACHTTEP/IH KOMIIUIIrT OKBITYIbIH
JKaHa TOCUTIH OH OarajaraH. 3epTTEY HOTHIKENEPl 3JICKTPOHMABIK CTCHATEPIIH OKYy IPOIECiHE TUTI3ETiH
BIKIAJIBIH JKOHE OJIAPABIH POOOTOTEXHUKAHBI OKBITY CAllaChlH apTTHIPYFa 9CepiH pacTaifapl. By jkaHabIK
poOOTOTEXHMKA MEH JKajImbl OUTiM Oepy cajachlH OJaH dpi JaMBITY YIIiH MaHBI3IbL. VHHOBAUSIIBIK TACLT
OKBITYJIBIH JKaHa OJICTEpIH d3ipJieyre >KOHE MKOFapbl TEXHOJOTHSUIAP CalachlHIA KAXKETTI JaFabLIapibl
KaJIBIITACTBIPYFA BIKIA €TETiH O1TiM Oepy TEXHONOTHUSIIAPBIH KETUIAIpyTe HeTi3 0oja ajnaibl.

Tyliin ce3gep: D>IEKTPOHABIK CTEHATEP, POOOTOTEXHHWKAHBI OKBITY, WHHOBALMSIIBIK OimiM Oepy
TEXHOJIOTHSIIAPhI, OKBITY CallaChlH apTTHIPY, OKY IPOIICCIHE HHTETpalusIay.

H.T. lsmnanues?, A.A. Pamankynos?, XK. E. 3ymmsixap?, JK.K. Kyamaram6erosa?
Bepasutickuti nanponansHeli yausepeurer nmenn JIL.H.I'ymunesa, r. Acrana, Kazaxcran
2AKTIOOMHCKHUI pernoHanbHbIi yHuBepcuTeT uMm. K. Ky6anosa, 1. Aktobe, Kazaxcran,
BJIMSTHUE UCIIOJIb3OBAHMA DJIEKTPOHHBIX CTEHIOB TP U3YYEHHU U
JUCHUIIJIMHBI POBOTOTEXHUKA

AnHomayus

B pamkax coBmecTHOTO 3KcriepuMeHTa AKTIOOWHCKOTO PErHOHAIIEHOTO YHUBEpCHUTETa M EBpazuiickoro
HAI[MOHAJIPHOTO YHUBEPCUTETA OBLIO MPOBEJCHO MCCIICIOBAaHUE, HANIPABICHHOE Ha OICHKY 3(P(PEKTUBHOCTH
HCIIOJIb30BaHUS JJIEKTPOHHBIX CTEHIOB B 00yueHUH pOOOTOTeXHHKE. B akcniepuMenTe npuHsuin yuactue 70
CTYJICHTOB, PA3JCJICHHBIX Ha KOHTPOJIbHYIO U 3KCIEPUMEHTAJIbHYIO Ipynbl. [IJisl OLEHKHU MpeaBapUTEIbHbIX
3HaHUH OBUT HCIOJIB30BaH TeCT U3 25 BompocoB. [1o ntoram sxcnepuMenTa, KOTOPbIi JUTHIICS OJUH CEMECTD,
OBLIIO BBISBJICHO CTATUCTHYUSCKU 3HAUMMOE YJIYUIIICHUE YPOBHS 3HAHHN Y SKCIIEPUMEHTAIILHOM TPYIIIILL, C (P)-
saaueHurem 0.0101. AnkeTupoBaHHe IOKA3aJI0, 9TO OOJIBIIMHCTBO CTYIEHTOB MOJOKUTEIHFHO OLEHUIIA HOBBIN
moaxoJ K oOydeHUto. Pe3ymbraTel MCCleAOBaHUS IMOATBEPXKIAIOT MOTEHIIMAN HHTETPAIlUN AJIEKTPOHHBIX
CTCHJIOB B 00pa30BaTe/IbHBIN MPOLIECC U UX BIMSIHKUE HA MOBBIIIEHUE Ka4eCTBa 00yUeHHs pOOOTOTEXHUKE. DTO
OTKpPHITHE BaXXHO JUIsl JaJbHEHUIIEro pa3BUTHS OO0JIACTH POOOTOTEXHHKH W OOpa3OBaHUS B IEJIOM.
VHHOBAaIMOHHBIN TIOIXOA MOXET CTaTh OCHOBOW i pa3pabOTKM HOBBIX METOJHUK IMPENoJaBaHUs U
yIIyqmieHus: 00pa3oBaTeNbHBIX TEXHOJIOTHH, CIIOCOOCTBYIOMMKE (HOPMUPOBAHUIO HEOOXOJUMBIX HABBIKOB B
cdepe BBICOKHX TEXHOJIOTHIA.

KuaroueBrble ci10Ba: 3JEKTPOHHBIE CTEH/IBI, 00ydeHHEe pOOOTOTEXHUKE, HHHOBAIIMOHHBIE 00pa30BaTEeIbHBIC
TEXHOJIOTHH, TIOBBIIIICHNUE Ka4eCTBa 00yUYeHsI, MHTETrpanus B y4eOHBIH mporecc.
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THE EFFECT OF USING ELECTRONIC STANDSIN TEACHING ROBOTICS

Abstract

As part of ajoint experiment of Aktobe Regional University and Eurasian National University, astudy was
conducted to assess the effectiveness of using electronic stands in robotics training. The experiment involved
70 students, divided into control and experimental groups. A 25-question test was used to assess prior
knowledge. According to the results of the experiment, which lasted one semester, a statistically significant
improvement in the level of knowledge in the experimental group was revealed, with a (p)-value of 0.0101.
The survey showed that the mgjority of students positively assessed the new approach to learning. The results
of the study confirm the potential of integrating electronic stands into the educational process and their impact
on improving the quality of robotics training. This discovery is important for the further development of the
field of robotics and education in general. An innovative approach can become the basis for the development
of new teaching methods and the improvement of educational technologies that contribute to the formation of
the necessary skillsin the field of high technology.

K eywor ds: electronic stands, roboticstraining, innovative educational technologies, improving the quality
of education, integration into the educational process.

Herisri epe:kenep

3epTTeyniH Heri3ri uAesCchl — pOOOTOTEXHUKAHBI OKBITY 1A AIEKTPOHIBIK CTEHATEP 11 KOJIaHY IbIH
OKY TPOIIECIHIH camachblHa 9CEpPiH aHBIKTay. DKCIEPUMEHTTIK KYMbICTap OapbIChIHAA dIEKTPOHIBIK
CTEHTEP/I Maiiaany OKyIIbUIAPIbIH OLTIM IeHT eiiiHe alfTapIIbIKTall OH 9cep €TeTiHi )KoHe OaKpLIay
TOOBIMEH CaJBICTBIPFaH/a OUTIMHIH CTATHCTHUKAIBIK TYPFbIIAH MaHBI3JbI TYPJIE OCKCHI aHBIKTAJIJIbI
(p=0,0101). Cayanrama HoTHXKENIEPI CTYACHTTEPIIH 63%-bI SJCKTPOHIBIK CTCHITEP/ 11 TAliJaTaHyFa
TOJBIK KaHaraTTaHFaHbIH, 33%-bl OVJI OMICTI KOJTAMTHIHBIH KOPCETTI, all Tepic Oaramap TipKeJIreH
XKOK. byl TEXHOJOTHSHBIH CTYACHTTEp apachblHAa >KOFapbl KaObUImay JCHIEHiH KepceTei.
Hotmxenep a/eKTpOHIBIK CTEHATEPIH OKY MaTepHalblH KaObLUIAAYAbI KaKCAPTHII, OKY YIATrepiMiH
apTTHIPATBIHBIH, COHA-aK CTYJACHTTEPAIH Ooamak k00amapbIiHIa OChl TEXHOJIOTUSHBI KOJJIaHyFa
KBI3BIFYIIBUIBIK OUTIPETIHIH alKbIH AN bI.

Kipicne

PobGoToTrexnuka — eMipaiH OapiblK cajajgapblHa €HIN KaTKaH KapKbIHIbI JaMbI Kelle >KaTKaH
cana. bys-po6oTThl *kylenepai )kobanayra, kacayra, Oarapiamanayra xKoHe Oackapyra KabieTTi
OUTIKTI MaMaHJapFa IIYFbUT KAKETTUTIKTI TyAbIPAJIbI.

Jlopictepre, ceMuHapiapFa *oHE 3epTXaHaJbIK JKYMbICTapFa HETI3ZeNreH pPOOOTOTEXHUKAHBI
OKBITYJIBIH JOCTYPJIl 9IICTEPl CTYASHTTEPAIH JTaWBIHIBIFBIH KETKUTIKTI JCHTelIe KaMTaMachl3 €Te
oepmeiiai. Ocbl opaiila OKy YpAICIHAE DIEKTPOHIBI CTEHIATEP.i MalJanaHy MOCENEeHI MIeNTyiH
TUIMJI XOJIbI 00J1a aajibl.

ONEeKTPOHJBIK CTEHATEp — poOOTTHIK KyHenepal UMHTALUsUIayFa JKOHE BUPTYaJbl
HKCIIEPUMEHTTED KYPrizyre MyYMKIHAIK OepeTiH OaraapiamMalbIK-alaparThlK Kyhenep. OnapabiH
JOCTYPIIl OKBITY SICTEPIMEH CaNIbICThIpFaHAa OipKaTap apTHIKIIBUIBIKTAphI Oap:

1. MoTuBanusiHel apTThIPaJbl: CTYACHTTEP HMHTEPAKTUBTI OpTada >koOajapMeH XYMBbIC icTel
anajpl, OYJ1 OKY YAEPiCiH KbI3bIKTHI )KOHE KBI3BIKTHI €TE/i.

2. KeHicTikTiK oimaynel nambITy: 3D Momenbaey CTyAeHTTepre poOOT >KyHenepiHiH qu3aifHbIH
KAKChI eJIeCTeTyre MyMKiHIIK Oepei.

3. barmapnamanay marmbUIapblH AMBITYFa BIKINAT €TY: DJIEKTPOHABI CTEHATEP CTyIEHTTEpre
BUPTYaJAbI OpTaga poOdoTTapAbl OacKapy YIIiH KO a3y MYMKIHJITIH Oepei.

4. 3epTXaHAIBIK )KYMBICKA KETETIH YaKbITTHI KbICKAPTAIbl: BUPTYAIIBI SKCIIEPUMEHTTEp HAKTHIFa
KaparaH/1a >KbUIIaMbIpaK KYpPri3iayl MYMKIH.
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backa aBTopnapAblH 3epTTeysiepi 3JEKTPOHAbl CTEHATEpAl maiiianaHy poOOTOTEeXHUKAHBI
OKBITY/IBIH THIMJUIITIH apTThIpyFa 6osaTeiHbIH KepceTTi. Chen, Y., Sun, Y., & Liu, Z 3 3eprreyinae
poboToTexHuka mmeOepxaHajJapblHIa HMHTEPAKTUBTI AMCIUICHICpAl MaijajaHaThlH CTYIACHTTEP
JOCTYPIl OMICTEPMEH CaJIBICThIpFaHaAa KeOipeK OeJICeHITIK TAHBITKAHBIH KOPCETTI. DKpaHJIaFbl
BHU3YaIHM3aIus Kypaigapbl poOOTTHIH Kypamaac 0eIiKTepi MeH oapAblH (YHKIUSIAPbIH HAKThIPAK
TyciHyre MyMKiHAik 6epai [1].

Benitti, F., Scaradozzi, D., & Ghedini, F. cusikrer aBTOpnap OipieckeH OKyAbl )KEHUIAETY YIIiH
AJIEKTPOHABIK CTEHATEPIH oJieyeTiH aranm kepcereii. bipHemie oKymisl Oip yakbITTa OpPBIHIBIKTA
KYMBIC icTeH amamel, Oyl ecenTepii IIemy Ke3iHJe KapbIM-KaThlHAC TIEH TOITHIK IKYMBICTHI
bIHTAJIAHABIPAbI [2].

Nourbakhsh, 1., Sycara, K., & Wright, M. poGoTTapabsiH MiHE3-KYJIKbIH MOJIEIbACY YILIiH
ANEKTPOH/IBI CTEHATEPl Maiiananyasl 3eprreriai. CTyaeHTTep opTypii OarmapiiaManblK KOATapMeH
TOXKIpUOE Kacall ayajibl )KOHE BUPTYaJ bl POOOTTHIH OPBIHABIKTAFbl OPEKETiH OaKblIail anmajbl, Oy
CBIHAK JKOHE KaTellepIi yiipeHyre siknain eteni [3].

Mok, O., Xiao, Z., & Yang, M. 3epTTeyiiepi 371eKTPOH/IbI TUCILICH TaKTaIapbIH HHTEPAKTUBTI OKY
MaTepHaIapbIH )KETKI3Y YIIIiH Nai1ananyra 00JIaTeIHBIH KepceTei. bitiM Oepy Komnanbanapel MeH
CTEH/TIK MOJIENIbJICY OPTYpJl OKY MOHEpJiepiH KaHaFaTTaHIbIpa ajajibl, OyJl CTyJICHTTEpre o3
KapKbIHBIMEH YJrepyre MyMKiHIiK Oepeni [4].

APTBHIKIIBUIBIKTAPABI MOMBIHIAM OTHIPHIT, Benitti, F., Scaradozzi, D., & Ghedini, F. anexrponas
CTEHITEP/iH THIMIUIITIH apTTHIPY YIIiH 5KaKChl )KoOalaHFaH OarJapaMaiblK KAMTaMachl3 €Ty JKOHE
MYFaTiMAepAl IYphIC OKBITY KaXXeTTulirine 6aca Hazap ayaapansl [5].

3eprreynin MakcaTel: OKyIIbIapra poOOTOTEXHHKAHBI OKBITYABIH THIMJIUIITIHE 3JICKTPOHIBI
CTEHJITEp/ll KOJIaHY IbIH 9CEPiH aHbIKTay. 3epTTeyAiH MIHJCTTEPI:

1. POGOTOTEXHUKAHBI OKBITYFa apHAIFaH JJICKTPOH Il CTEHATEPAIH MYMKIHIIKTEPIH TaJIIaYy.

2. DIIEKTPOH/IBIK CTCHATEP/Ii KOJIJaHy cajlachIHIaFbl 0acKa aBTOPIJIAP/IbIH 3ePTTEYIIEPiH 3ePTTEYy.

3. OKy ypaiciHJie JIEKTPOH Il CTEHATEPl KOJIIaHy dIiCTEeMECIH d3ipIiey.

4. YKacanraH o[iCTiH THIMALUIITIH TOXIpHOe KY31HIE TEKCEPY.

3eprrey dicHaMachl

3epTTey MakcaTblHA JKETy YIIIH FBUIBIMH >KapHsUTaHBIMIAPABI TaJay JKOHE IKCHEPUMEHTTIK
3epTTeyiep KYPri3yldi KaMTUTBIH apajiac ojicTeMe KOJNJIaHbUIABL. bipiHmn ke3exae Outim Oepy
MpoLECiHAe, ocipece pOOOTOTEXHHKA IMOHIH OKBITY/a KOJIJAHBLIATBIH 3JEKTPOHJBI CTEHATEpre
KaTBICThl 9[ieOueTTepre TEOPHUSUIBIK LIONY Kacajiabl. TeXHHUKaJbIK MOHJEPAl OKBITYJa IH(PIBIK
TEXHOJIOTUSUIAPABIH TUIMAUITIH Oaranayra OarbITTadfaH Oacka 3epTTEYHIUIEpAIH >KYMBICTAphl
3eprreni. by nepekrep oaH opi SKCIEPUMEHTTIH TY)KbIPhIMIaMaJblK HETI31H KaJbIITaCThIpyFa
KOMEKTECTI. 3epTTeY/IiH SKCIIEPUMEHTTIK 0oJ1iri AkTe0e eHIpIiK yHUBepcuTeTl MeH Eypasust yiaTThIK
YHUBEPCUTETIHIH BIHTHIMAKTACTBIFBl AsCBIHJA JKY3€re achlpbULIbl. ODKCHEPUMEHTKE €Ki TOIKa
Oeminren 70 cryneHT KaTbhlcThl. CTyIneHTTep Oakpliay >KOHE SKCHEPHUMEHTTIK TonTapra OeJiHIlL.
bapnbIK KaTeICylIblIapAblH OacTankel OUTIM JIEHTeiiH aHbIKTay YIIIH POOOTOTEXHUKA TaKbIPHIOBI
OolipIHIIIA 25 CypaKTaH TYPAThIH ajbIH aJla TECT MalJalaHbUIAbl. JKCIIEPUMEHT O1p aKaJeMHUsITBIK
CeMeCTpre CO3bUIIbI, OHJAa OSKCIEPUMEHTTIK TOI AJIEKTPOHAbI CTEHATEPJl KOJJaHa OTBIPHIN
OKBITBUIIBI, all OaKblaay TOOBI JSCTYPil OKBITY MICTEPIH YCTaHIbl. DKCIEPUMEHT asKTaJFaHHaH
KeliH ekl TOm MaTepualabl Urepy JCHreiiH Oaranay YIIiH Kaita chlHakTaH oTTi. Hormxkenep
O0akputay ~ JKOHE  OKCIIEPUMEHTTIK  TONTAp  apachIHAAFbl  HOTIDKENEPHEri  MaHBI3JIbI
alfbIPMaIIbUIBIKTapAbl AaHBIKTAy MAaKCaThIHAA CTAaTUCTHKAJIBIK Tayufay kyprizuiai. Hormxenepai
OHJIey YUIIH CUIATTaMallblK CTaTHCTHKA OJICTEepl MOHE TOyelCi3 YIriiepre apHaifraH t-TecT
KOJIaHbUIAbl. MaHbB3ABUIBIK AeHreii (p-moHi) 0.05 nmenreitinme Oenrinenni. TecrineyneH Oacka,
HKCIIEPUMEHTKE KaThICYIIbUIapFa OKBITY/BIH jKaHa TOCUIIH KaObuigay/asl Oaranay YIIiH cayajHama
xyprizinai. CayanHamana CTyIeHTTepIiH OuriM Oepy mpolieciHe KaHaraTTaHybl, OJapiblH
MOTHBAIIMSCH JKOHE OKBITY/a AJIEKTPOHIBI CTEHATEPJl MaijlanaHy Typajbl TYCIHIKTEPl Typabl
CYpaKTap KaMTbUIIbI.
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3epTTey HOTHIKEJIepi

9Qoebuemmepdi manoay. 3epTreyyiep KOpCeTKEHACH, dJIEKTPOHIbI CTEHATEPl POOOTOTEXHHKA
OOIBIHIIIA OKBITYFA €HT13y OKYIIBUIAP/BIH OKY HOTHIKENEpiH alTapiblKTail xkakcapTa anaasl. Chen,
Y., Li, X., Zhao, Y., & Liu, Z. 63 )KyMbICBIH/Ia POOOTTHI OaFIapiramMaliayabl OKbITY YIIIiH BUPTYaJI bl
weHABK (VR) uHTEpdeiici 6ap >MEKTpOHABI CTEHATI NailanaHydblH THIMAUITIH 3€pTTEHl.
OuapIbIH HOTHIKENEP1 JIEKTPOH bl CTEH/ITI NaiilanaHaTbIH CTYACHTTEP AOCTYPIIl OKBITY 9/1iCTEpIMEH
CaJIBICTBIPFaH/1a pOOOT KHHEMAaTHKAChl MEH IMHAMHUKACHIH TEPEHIPEK TYCIHETiHIH KopceTTi [5].

binim Gepy canmachlHAAFBI )KYHesl TEXHOJIOTHSUIIBIK ©3repicTep Kas3ipri OKy 91iCTepiH KoHe OuTimMi
UTEePYy TOCUIACPIH JKaKcapTyFa TiKelled ocep eTyl TWic. by Typrbima opTypii TEXHOJOTHSUIBIK
Kypajnap[sl €Hri3y TMeJarorUKalbIK MPOLECTi JKETULAIPYMEH KOHE OHBIH MYMKIHIIKTEPIiH
keHeliTymeHn katap xypyl kepek. H.C. KaparaeB, A.b. M6amoBa xoHe A.K. MomkanoBThIH
HiKipiHIIe, OCBhl aCMEKTUIepl KAaMTUTHIH OiniM Oepy OariapiaManapblHBIH CaHbl YIIFANbIN KeJel,
OYJ1 omiCTeMENK X)aOAbIKTay MEH OKY-oJICTeMENIK Oa3aHbl HBIFAUTY KaXETTUTITIH apTThIPAJIbI.
TexHonoruAmapaApl KOJJAHYABIH AapTHIKIIBUIBIKTAPEl TOYENCI3IIKTI JaMbITYFa, MOTHUBALUSHBI
apTTHIPYyFa >KOHE KOTHUTHUBTIK KaOileTTep/l keTunaipyre biknan eteni. CoHbIMEH Katap, YKIMETTIH
OumiM Oepyneri TEXHHKAIBIK acCHeKTUIepIi JambITyFa OachIMIBIK Oepyi Oy Mocenenepiiq
@3eKTiirin cakran oteip [6]. Byt typreiza Williams, D. D., Seo, K., & Kim, Y. M. e3xaepiniy 2017
KBUIFBI 3€pPTTEYiHIE pPOOOTOTEXHHWKA KYpCTapblHIA CTYACHTTEPAiH OCJICEHAUIITIH >KOHE OKY
HOTHKEIIEPiH )KaKcapTy YIIiH BeO-Heri3AenreH poOoT KO CUMYIISTOPIH NaiiiaaanyAblH THIMILTITIH
KapacTeIpbl. HoTmxkecinae, BeO-Heri3Aenred CUMyIISATOPAbI KOJIAaHy CTYACHTTEpAIH poOOTTap/Ibl
Oackapy oHE MaHMITYJALUsIAY JaFIbllapbl MEH ChIHUM OWay KaOlIeTTepiHiH aWTapibIKTail
YKaKcapraHbIH KOpceTTi [7].

Coun cusikrsl, Gupta, A., Prakash, G., & Kumar, M. 3eprreyinae Arduino MUKpoKOHTpoJsuiepi 6ap
3D Oacein mbFapeuIFad poOOTTHIK KOJJIBIH OPTa MEKTENTEpIeri poOOTOTEXHUKA OaFaapiaMachiHa
BIKIAJIbl KapacThIpbulFaH. Onap 3JeKTPOHJIbl CTEHATEPAl KOJJAaHy apKbUIbl MPAKTHKAIBIK OKBITY
olici CTyEHTTEPAiH pOOOTTHIK MPUHIUIITEP Il MEHT€PYiH JKaKCapTAaTHIHBIH JKOHE IIBIFapMaIIbLIBIK
[I€H MHHOBALIMSUIIBIK JIaFIbJIAPbIH apTTHIPATHIHBIH aHBIKTA b [8].

Ocwiran OGaitmanbicTel, [.A. berumOeroma, III.T. IllexepbexoBa >xone E. OcmankymnoB o3
3eprreynepinge AKT MeH OutiM Oepy TEXHOJIOTHSUIAPBIHBIH CTYJEHTTEP MEH OKBITYIIbUIApFa
MYJBTUMEAMSIIBIK MaTepUaIIapMEeH JKYMBIC 1CT€y MYMKIHJITIH apTThIpyFa OaFbITTalFaHbIH aTam
orTi. AKT eHrisy oky mpoleciHJe akKmaparThl ayauo >KoHe OeifHeMaTepuanjap apKbUIbI
TaHBICTBIPYMEH KaTap, OKy Ma3MYHBIH KEHEHTYTre MyMKIH/IK Oepei, Oy CTyAeHTTEepAIH kaHa Ol1iM
aJTybIHA XOHE KaXETTl JAaF/AbUIapIbl JAMBITYbIHA BIKIAN eTell [9].

Oran koca, H.T. llIsinnanues xone I'. llbiHaTail BUpTYyanabl TEXHOJIOTUSIAPABIH OUTIM Oepy
OarapramanapblH BUPTYaJlJbl OpTaJa OKbITY1a Kalaid KOJIJaHbUIATBIHBIH KapacThIp/ibl. BupTyanabl
TEXHOJIOTHUSIIAP CTYAEHTTEPAIH KOMMYHUKATHUBTI, IIBIFAPMAILIbUIBIK XKoHE pe(IeKCUBTI KaOlIeTTEPiH
JaMbITYFa MYMKIHAIK Oepeni, Oyn OuriM  Oepy MpOLECiHIE OKBITYIIBIHBIH JKaHA pPeJiH
cunartaiiael [10]. C.A. HUcaes, O.C. AxmetoBa sxane A.K. Kaubipraiauesa sekTpoHbIK Oi1iM Oepy
pecypcTapblHbIH KOMMYHUKATHBTIK OLTIKTUIIKTEPl KaJbIITACTBIPYAAFbl MAaHbBI3bUIBIFBIH KOHE
MYJIbTUMEAMSUITBIK TEXHOJIOTHSIIAPABI KOJAaHy apKbUIbl O171iM Oepy MPOIECiH KETIAIPYAl 3epTTeIi.
Omnap 3arrap wunTepHeTiHiH (IoT) TexHonmorumsmapbiHbH OimiM Oepy »KyieciHe HHTerparuschl
Ooanak MyFaliMIep/IiH KOFaphl TEXHOJIOTHSUIBIK CAyaTTHUIBIFBIH JAMBITYFa 30p BIKITAJ €TETiHIH
kepcerti [11].

Ileoazocuxanvix sxcnepumenm.

OkcnepuMeHT xymbichl K. XKybanoB ateingarel AOY sxone JI. H. I'ymunes arsinnars! Eypasus
WITTBIK YHHMBEpPCUTETIHAE XKypri3iaai. baxkeuiay ToObl perinae Eypasusi yITTBIK YHUBEPCHUTETI,
DKCIEPUMEHTTIK TOM peTiHAe AKTeOe eHIpIiK YHUBEPCUTETI TaHJANbIN AJbIH/bL. DKCIEPUMEHTKE
x)anmbl caHbl 70 CTyIEHT KaTbICThl. TomTapaplH alablH ana OumiMiH Oakpulay MakcaThlHIA 25
CYpaKTaH TypaThiH TecT anblHbl. Tect 100 6anapik xyiiemen Oaranmanel. Tect HaTmxkecl 1-kectene
KEJTIpIITeH.
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Kecme 1. Dxcnepumenmie kamwvicyutvl cmyoeHmmepoiy O6aIHIC

Ton Kamuicywwinap Opmaa 6ann Cmanoapmmul p-rioni
camnvl ayuimgy
Dxcnepumenmmix 37 80,72 6,034355 0.457
baxvinay 33 79,57 6,742135

OkcniepumenT 1 cemectpre (15 amra) kocmapianfaH. DKCIEPUMEHTTIK TONTHIH CHIUTA0yChIHA
JIEKTPOHABI CTEHATEP/l MaiijagaHa OTBIPBII OKBITY €PEKIIENIKTEPIH €CKepe OTBIPBIN e3repicrep
enrizinai. CoraH coifikec OApIIBIK TAKbIPHINITH KAMTHTBIH OKY KYPaJibl )KOHE 3JIEKTPOHBI U(PIIBIK
OKBITY KYPaJIbl KacaJIbIHIbI.

OKy KypalblHJIa KENTIpUIreH J1a00opaTOPHUSIIBIK JKyMbICTap cabak OapbICHIHAA KOJIAHBLIATHIH
JIEKTPOHABI CTEHJ HEri3iHAe YChIHbUIFaH. bapiblK OpbIHAANATBIH J1a00paTOPUSIIBIK MKYMBICTap
AJIEKTP CXEMAChIMEH, JKaliFay YTICIMEH JKOHE TYCIHAIpMEeciMeH KaMThUIFaH. JlabopaTopusiIbIK
cafakrap asChIHAA >AacajblHFaH Ke3 KEJIeH >KYMBICTBI 3JIEKTPOHJbl CTEHJl OpPTACHIHJA >KOHE
(bu3MKaIBIK KYPBUIFBLIAPBI KOJIIaHA OTHIPHII Ta KY3€Te aChIpy MYMKIHIITT 0ap. DIEeKTPOHIBI CTEH T
KongaHymbira drag and drop TexHoOJOruschl KeMeriMeH OJIOKTBIK IporpamMMaiayfa, IaiblH
IporpaMMaHbl KOJIKa TYPJICHIIPY MYMKIHAITIH Oepei.

bi3 KosjaHfaibl OTBIPFAH 3JEKTPOHABI CTEHJ IUIATGopMachkl Ka3ipri KOJJAHBICTa >KYpPIeH
Tinkercad, wokwi cekinai minardopManapablH apTHIK TYCTapblH MaijanaHazbl JKOHE KEMIIILT
TycTapbIH JaMbITabl. Mbicansl, Tinkercad oprackl 6;10KTap KeMeriMeH IporpamMmmarayFa >koJl alica,
wokwi 3JeKTpOHIBI ChI30amapasl T€3 dpi OHTAIMIIBI XKy3ere acelpyra MYMKiHIIK Oepeni. bizmin
JIEKTPOHABI CTEHAIMI3/l€ KOJA apHaibl OJOKTap KeMeriMeH >Ka3bUlajbl, JKOHE IporpaMma
JIOTHKAChIHA COMKEC AJIEKTPOH/IBI CXeMachl aBTOMATTHI TYPJE KYpbUIaabl. ApHaibl OJOKTap THITIHE
Kapait 13 Oymara OipikTipiIireH. DIeKTPOHIbI CTEHATIH TaFbl Oip apTHIKIIBUIBIFBI PETiHAC XKYyiiene
KapacTeIpblIMaraH, Oipak KoJimaHbicTa Oap ceHcopiap Hemece Arduino KOHTpoOJUIEpIepiH KOCY
MYMKIHAIT1 KapacTeIpbuiFaH. Ka3ipri Tanaa 31eKTpoH bl cTeH Kypambinaa Bluetooth, Led, Fast Led,
RGB >xapbIK 1101, CYHBIKKPUCTAIIBI KpaH, JKapbIK U0 MaTPHUIIACKI, KO3FAITKHIII, buzzer, cepBo
KO3FaNTKBIII, KaAaMIbIK KO3FAITKBIII, 7 CErMEHTTIK aucmieil, 6ateipma, IR Oackapy, JKoMCTHK,
TeMIieparypa ceHcopsbl, Tepmuctop, RFID jxoHe Ko3FanbIC CEeHCOPBI KOCBIIFaH. Op CEHCOP )KYMBICHIH
CUMATTaUThIH apHaibl OJOKTapMEH KaMThUIFaH. DJIEKTPOHABI CTE€HJ OpPTAChlH MaijlanaHa OTHIPHII
YCBIHBUIFaH Kei0ip 1abopaTOpHUSsIIBIK KYMBICTapFa TOKTala KEeTeHiK.

Mbuican 1. Adpyuno opmacvinoa yugpavix cucHandapovl b6acxapy. Kapvlk Ouo0 HCYMbiCbIH
backapy.

JIaGopaTopusIbIK JKYMBIC OapbIChIHJA CTYIEHTTEp UUQPIBIK CHUTHAIIABIH KacHeTTepiMeH,
OJJApMEH Kajai >KyMBbIC jkacay KEepeKTIrIMEH koHe OacKapy saicTepiMeH TaHbIc O6omanbl. [{udpabik
CUTHAJIZIAP KYMBICBIH IPAKTUKAJIBIK TYPFbIJIa KOPCETY MaKCaThIH/A XKAPBIK JHO KYMBICBIH OacKapy
yChIHBIIAABL. Tarnceipma O0UbIHIIA XapbIK 1uoj opOip 200Mc kaHy kKepek sxoHe 200Mc coHy Kepek.
KongansuiaTeln Kypanjap:

1. Arduino UNO konTposuepi

2. XapbIk auoj

3. Mama-mara, rmamna-rmarna THIITI ©TKI3TiITep
4. Pesuctop 220 Om

5. MakerTik miara

bi3 KongaHbIn OTBIPFAH SJEKTPOHJBI CTEHATIH apTHIKIIBUIBIFBI — CTYAEHTTEpre »oba 3JIeKTp
CXeMachlH Kypyael keHuineredl. CTyAeHTTep arajMblll >KOOAaHBI achlpy YILIIH TEeK KEpeKTi
OJOKTap/Abl Mporpammaiay ajaHblHa OpHAJACTBIPCa JKOHE OJIapJblH OacTamnkel OanTayinapblH
KYpPri3ce >KETKUIKTI. ODJNEeKTPOHABI CTEHJ MporpaMMaiay ajlaHblHa KOWbUIFaH OJIOKTap J>KoHE
IporpamMma JIOTHKAachlHa COMKec aBTOMATTHI TYPJIE 3JEKTP cXeMachlH Kypajsl (1-cyper).
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Cypem 1. JKapuiouoo sicymuicwin 6ackapy

DNEeKTPOH/IbI CTEH/T asIChbIH/IAa KYPBUIFaH Ko0anapsl pU3HKaIBIK xKo0a peTiHAe )KYy3ere achlpy eTe
eH11. O yIIiH KepceTireH cxema OoHbIHIIA (PU3UKAIBIK MAKETTIK IJIaTara )kuHay Kkepek. Arduino
Ide opracs! apKbUIBl (PHU3HMKAIBIK KYPBUIFbIFa MPOIIMKBKA a3y YIIiH 3JEKTPOHABI CTEHT KOHbUIFaH
OJIOKTap HETi3iHIe aBTOMATTHI TYpZAe CKeTY KypacThipaabl (2-cyper). CKeTdTi KapamnaifbiM Keuripimn
allyFa Hemece *.1no KeHEeUTLIIMIHAE KYKTeN anyra 0oJabl.

sinple_loap_werimhle

Cypem 2. Broxmap nezizinoe Kypuliean ckemy yaeici

Mbvican 2. Apoyuno opmacwinoa ananoemul cueHandaposl backapy. Temnepamypa ceHcopbi.
JlaGopaTopHsIIbIK JKYMBIC OapbIChIHIA CTYIACHTTEP AHAIOITHI CHTaHJIAp >KYMBICHIMEH TaHBIC
Oomazpl, onapabl 6ackapynbl yipeHeai. CObIHMEH KaTap CTYJIEHTTEp OChI TakbIpbIml aschiHga 12C
CHUHXPOH/Ibl IIMHACBIMEH TaHbIC Oonajbl. OHBIH KOMETIMEH TeMIlepaTypa CEHCOpBIHAH aJIbIHFaH
MOJTIMETTI CYMBIKKPUCTANbl SKpaHFa wIblFapajbl. KobaHbl *Ky3ere achlpy YUIIH KOJIJIaHBUIAThIH
Kypajijap Ti3iMi KeJecijei:
1. Arduino UNO konTposuiepi
2. DHT11 remnepatypa *oHe bUIFalIIbUIBIK CEHCOPHI
3. Cy#BIKKPHCTAIIBI DKPaH
4. MakeTTiK miaTa
5. Mama-narna, nana-namna THITI ©TKI3T1IITep
JlaGopaTopHsIIBIK XKYMBIC OPBIHAAY YIIIH IporpaMMaray ajaHblHa TeMIepaTypa CEHCOPBIH KoHE
CYHBIKKPHUCTAIIIBI SKpaH OamnTayinapblH KYPTidy OJOKTapblH OpHalacThpambl3. byn xepaeH 0i3
CEHCOPbIH Kail ap/lyMHO KOHTPOJUIEPIHIH Kall MHMHIHE >KaJlFaHaThIH/BIFbIH, TEMIIEpaTypa CEHCOPHI
YIIIIH CEHCOp THUIIIH TaHJay MYMKIHIIT1 6ap (3-cyper).
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Cypem 3. Temnepamypa cencopuli dicaHe CYUbIKKpUCMALObl IKPAHObL apOYUHO KOHMPOepi
KoMmezimeHn backapy

Mbican 3. Apoyuro opmacwvinviy PWM cuenanoapovl eenepayusnay MymKiHOiKmepi.

JlaboparopusutbIK KyMbIC OapbIChIHIA cTyaeHTTep PWM CUTHANIBIH aHATOTABI JKOHE IH(PITBIK
CUTHaJIapiaH allbIpMAIlIbUIBIFBIH TYCiHeAl. bysl curHanmapablH >Kacaly >KOJIbIH, €peKIIeTiKTepiH
’KOHE KaCHETTEPiH MeHIrepeTiH 00aapl. TakbIphINTE MEHTepYy MaKCaThIHAA JTA00PATOPHSIIBIK KYMBIC
OapbIChIH/IA YKAPBIKAUO] XKAPBIFBIH IPOTrpaMMalbIK 0acKapy TarcbipMackl 6epini. Tanceipma Gi311iH
AJIEKTPOHABI CTCHIIMI3ZC OPBIHAANIBL. DIEKTP CXeMa JKOHE KOJIaHBUIATBIH Kypajimap Tisimi 1-
nmabopaTopusIIBIK JKyMbIcTieH Oipaeil. Hotuxkeci 4-cypeTTe KenTipiuireH.

.H E = L1

Cypem 4. JKapwikouoo sicymoicoln PWM cuenan kemezimen backapy

Kocnapra colikec Oakputay TOOBIHIA OCTYpii (opmarta cabakrap, DKCIIEPUMEHTTIK TOITA
ANEKTPOHABI CTEHATEpP KOJJaHa OTHIphIN cabak oTki3inmi. Hormwkeni Oimy MakcaThIHIIA
CTYICHTTEPACH TECT KYMBICHI alblHIbl. KOPBITBIHIBICHIH/IA SKCIIEPUMEHTTIK TOINTHIH O17TiM JeHTeill
OakpuTay TOOBIHA KaparaHaa ©CKeHIITH KepceTTi. HoTnxke 2-kecTene KenTipuireH.

CoHbIMEH KaTap, SKCIIEpUMEHTKE KaThICKAH TONTap/1aH dJEKTPOHIbI CTEH]T KOMETIMEH OTKI31IreH
cabakrap OoMbIHIIA MIKIPiH Oaiikay MaKcaThIHIA cayaJHaMa OTKI3II].
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Kecme 2. Oxy namudicenepin bazanaydazvl 5KChepumMenmmix JcaHe OaxKvliay monmapvlHuly

CanbICMbIPMAIbl KOpcemKiumepi

Ton Kamuvicywvinap Opmaia 6amn Cmanoapmmuol D-viomi
CaHwl ayblmy
Oxcnepumenmmix 37 84,73 6,12 0,0101
baxvinay 33 80,56 6,96
Cayamnama 5 cypakran Typasl. CayamHama HOTHXKECIH 3-KeCTECH Kope allaMbi3.
Kecme 3. Cmyoenmmepdiy nikipin 6atixay maxcamovlHOa OmMKI3LIeeH CayaIiHama Hoamuiceci
Ne Cypax To.ﬂbm. Kenicemin | Betimapan | Kenicneiimin My ﬂ()e,M.
Kenicemin Kenicneumin

1 | Dnexmponodwvr cmenomepoi
nanoanamy pooomomexHuka naHi 45 22 2 0 0
OKY Npoyecin Jceninoemmi

2 | Dnexmponodvl cmenomep mazam
pobomomexHuxasa Kamvicmol 48 21 1 0 0
2CO0ANAPLIMObI OHMALLTLL JiCY3e2e
acvipyea MyMKiHOIK Oepoi

3 | PobomomexHnuxa naHin oKbimyoa
91eKMPOHObL CIeHOmepOi
natioananyovl mypaxmol mypoe 3 32 3 0 0
KOIOAHEAHBIH KANAUMbIH

4 | DrexmpoHOvl cmeHOmepoi KOi0aHy
ACAHA MAKBLIPLINMAPODL O3
beminwe mMeneepyee MyMKIHOIK 40 23 ! 0 0
bepeoi

5 | Snexmponodvl cmenomepoi Konoamy
0Ky yOepicin uHmepaxmuemi api 51 19 0 0 0
Kbi3bIKMbl emeoi

Opmawa naitbi306lK KOPCemKil 62,57 33,42 3,71428571 0 0

3-kecTene cayajgHaMa KOPBITBIHABICH Al KOPCETUIreH. Op cypak OOWBIHINIA CTYJSHTTEPAiH
kKayan CaHbIH Kepyre Oonanbl. KecTeHIH COHbIHAA >kayanTap OOMBIHIIA OpTalla MMaibI3/bIK
KOPCETKIIII KeNTIPUITeH. S-CypeTTe OChl MalbI3bIK KOPCTUTIMAEP AuarpaMMa KyHiHae KenTipulreH.

Cayannama nomudiceci

B Tonvix kenicemin

B Kenicemin
betimapan
Kenicnevimin

B Mynoem kenicneumin

Cypem 5. CmyoenmmepOin nikipin 6auxay MakcamvlHOa 6MKi3iieeH cayaiHama Homuxiceci

Juckyccus
CayanmnaMa HOTHXECiHEe CyHeHeTiH Oolicak, cayallHaMara KaTbICYIIbLIApAbIH 63%-bI TOJIBIK
kenmiceMiH, 33%-b1 kemicemiH xoHe 4% FaHa cTyieHTTep OelTaparn JereH )xayanTthl TaHaarad. Kanran
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KeJiCeMiH JKOHE MYyJIJeM KeJiCIelMiH JereH KayanTapAbl eHIKiM TaHgamaraH. Jlemek,
IKCTIEPUMEHT HOTIIKECIHIE CTYJICHTTepre poOOTOTEXHHUKA IOHIH JIEKTPOH/BI CTCHATEPI KOJIIaHa
OTBIPBIIT OKBITY KBI3BIKTBI EKEHJITH J>KOHE OKYy calachblHa OH ocep eTKEHMIrH KOpCeTTi.
DKCHEepUMEHTKE KaThICKAaH CTYACHTTEp allIaFbl yaKbITTa ©3 IIbIHAIBI K0OOATaphIH JKY3ere achpya
ANEKTPOH/IBI CTCHIATEP I KOJIJaHATHIHABIFBIH )KETKI3I1.

KopsIThIHABI

K. XKyb6anoB arteinmarsl AkTe0e eHipiik yHuBepcuteTiHne >koHe JI. H. I'ymuieB aTbIHAAFbI
Eypasusi yATTBIK yHMBEPCUTETIHIE IKYPri3UIN€H SKCHEPUMEHTTIK JKYMBICTap OapbIChIHIA
POOOTOTEXHUKAHBI OKBITYyJa JJIEKTPOHIBIK CTEHATEpPAl KOJJaHy OKY TIpOLECIHIH camachiHa
alTapibIKTall OH 9CEPiH TUTi3eTiHi aHBIKTAIIbl. OCBl TEXHOJIOTHUSHBI KOJIZaHA OTHIPBII OKBITHUIFAH
HKCIEPUMEHTTIK TON OaKpuiay TOOBIMEH CallbICTBIpFaHAa OuTiM JeHreiiHiH alTapibIKTail ©CKeHIH
KOpCceTTi, Oy cTaTUCTUKANBIK MaHbI3Ael (p)-moHiMeH (0,0101) pacramaapl. DKCIIEpUMEHTKE
KaTBICYIIBIIAPABIH CcayaTHaMachl KOPCETKEH IEH, OKYIIBUIAPAbIH 0ackiM Oemiri (63%) 31eKTpOHIbI
CTEHATEpAl NaijalaHyra TOJBIK KaHaraTTaHraH, aldl 33% OKBITYABIH OCHI OICIMEH KeIiCKEH.
Crynentrepnin Tek 4%-bl FaHa OelTapan OOJIBIN Kalabl, ajd Tepic Oaramap Tipkenamenmi. by
CTYIICHTTEp apachlH/a MHHOBALMSUIBIK TOCUIII KaObLIIAY/IbIH XKOFAPhI IOPEKECIH KOPCETE .

Ocpuraiinia, 5KCIIEPUMEHT HATHXKEJIEpi SJEKTPOHBIK CTCHITEPAIH OKY IPOIECiHE eHTI31Tyl TeK
OKY YJIrepiMiHiH apTyblHa FaHa €MeC, COHBIMEH KaTap CTYIEHTTEPAiH OKY MaTepHabIH KaObLIIaybIH
KaKCcapTyFa Jia bIKIAJl €TeTIHIH alKbIH KopceTei. Toaxiprudere KaTbICKaH CTYACHTTEP KEIEUIeKTe 03
xKoOanapplH 1ICKE€ achlpy VIIIH SJIEKTPOHIbl CTEHATEpAl MaljanaHyra HueT Oinmipai, Oy
TEXHOJIOTUSHBI O171iM Oepy callachlHAa KONJaHYAbIH MPAKTUKAIBIK MaHBI3IbUIBIFEI MEH ©3€KTLIIriHe
Oaca Ha3zap aynapaibl.
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