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FORMING METHODOLOGICAL COMPETENCE OF
BACHELOR'S STUDENTS ¢1 9 avY! %l Yl [!
[L¢Ow! ¢! wiOé 95! /1 ¢ THROUGH t w
THE USE OF ARTIFIONSIELLIGENCE TOGLBILOT
SURVEY STUDY

A.T. Abuzhalitova

Doctoral student, Kazakh National Women's Teacher Training University, Almaty

This pilot study examines the role of artificial intelligence (Al) tools in forming
the methodological competence of bachelor's students enrolled in the Kazakh
Language and Literature (KLL) educational programme. A esesfional survey
was conducted among 15 students at West Kazakhstan Innovation and Technology
University (WKITU), Oral. The results of Spearman rank correlation show that
Critical Al Literacy and CulturaLinguistic Awareness are more strongly associated
with methodological competence formation across all five components than
frequency of Al tool use. The findings suggest that purposeful and critically informed
use of Al tools can meaningfully support the formation of methodological
competence in future KLL teachers.

Keywords: artificial intelligence; methodological competence formation;
Kazakh language and literature; pilot study; digital literacy;-gemice teacher
education; survey research.

Forming the methodological competence of future Kazakh language and
literature teachers is one of the central priorities of Kazakhstani teacher education.
The State Programme for Education and Science DevelopmenRQ3QMES RK,

2022) requires graduates of pedagogical programmes to possess not only deep subjec
knowledge but also the integrated professional competence to plan, implement, and
evaluate effective teaching. Within the Kazakh Language and Literature (KLL)
programme, this requirement carries additional cultural significance: KLL teachers
are responsible for transmitting the state language and national literary heritage to
new generations (Smagulova, 2008).

At the same time, artificial intelligence tools have become an inseparable part
of the academic environment of university students. Large language models, corpus
tools, and automated feedback platforms offer new possibilities isgowece teacher
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educationi in particular, for forming methodological knowledge, practicented
skills, and reflective habits. However, whether the use of Al tools actually contributes
to the formation of methodological competence among KLL students remains an
empirically open question.

This pilot study aims to address the challenges encountered in education. In the
pilot survey under consideration, the role of four dimensions of Al tool usanely
frequency, perceived usefulness, critical Al literacy, and culingliistic awareness
T in forming the methodological competence of students in Kazakh language and
literature educational programmes is investigated. Two research questions guided the
inquiry: (RQ1) To what extent is Al tool use associated with each component of
methodological competence in KLL students? (RQ2) Which dimension of Al
engagement most strongly supports the formation of methodological competence?
These are the two questions we aim to answer.

Methodological competence is understood as an integrative personal
professional quality of the future teacher, encompassing both methodological
readi ness and methodol ogi cal mastery. [
who first addressed methodological competence, and the conceptual frameworks
developed by V.l. Zemtsova (2011), O.N. Igna (2010), and N.V. Morgacheva (2017),
we conclude that this quality develops across four ascending levels: methodological
information (knowledge), methodological literacy, methodological creativity, and
methodological mastery.

The formation of methodological competence is not a spontaneous process: it
requires structured engagement with pedagogical theory, disciplined practice, and
systematic reflection. A.D. Deyikina (2009) particularly emphasises the-ladea
character of methodological competence formation, arguing that it is inseparable
from the teacher's professional identity. T.S. Mamontova (2009) identifies three
stages of its formation in higher education: theoretical familiarisation, guided
practical application, and independent reflective desighese stages are directly
applied in interpreting the survey findings of this study.

Five structural components are operationalised in the Methodological
Competence Assessment Scale (MCAS) used in the study: (1) Motivatialue |
psychological readiness for pedagogical activity and genuine motivation for
methodological work; (2) Cognitivé systematic mastery of the psychological
pedagogical and subjespecific knowledge required for teaching (Kuznetsova,
2015); (3) Practic®riented 7 skills for planning and implementing effective
teaching; (4) Communicativé capacity to organise productive dialogue and
cooperative learning; (5) Reflective systematic selévaluation of pedagogical
activity and evidencéased improvement of practice (Zemtsova, 2011).

We considered it appropriate to incorporate the use of Al tools as formation
resources for methodological competence in the survey. Atrtificial intelligence tools
can offer several potential pathways through which the formation of methodological
competence may be supported. For the Cognitive component, large language models
can generate varied explanations of pedagogical concepts and model lesson
structures, thereby enriching students' theoretical understanding (Kasneci et al.,
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2023). For the Practie®riented component, Al tools serve as scaffolds for lesson
planning, assessment design, and task differentiation: they provide an initial draft that
the student must evaluate, revise, and contextualise in accordance with
methodological principles (Selwyn, 2022). For the Reflective component, critical
engagement with Ayjenerated materials identifying their pedagogical strengths,
limitations, and culturalinguistic gapsi develops the evaluative habits that
Zemtsova (2011) describes as the integrative quality of professional teacher
preparation.

However, the relationship between Al use and competence formation is not
established automatically. According to Perkins (2023) and Ng et al. (2021), passive
and unreflective Al use may reduce the cognitive effort required for deep learning.
Students must be able to apply professional judgment in using Al outputs and to
distinguish, through a critical perspective, what is accurate from what is not in Al
provided information. This action is operationalised through the Ciritical Al Literacy
subscale of the Al Use in Education Questionnaire (AIUQ).

The use of artificial intelligence in the KLL context has its own cultural
linguistic specificities. Since the majority of current Al systems have been trained on
large datasets in English and Russian, the Kazakh language is inadequately
represented in these systems (UNESCO, 2021; Canagarajah, 2022). As a
consequence, responses generated in Kazakh may in some cases be inaccurate c
contain linguistic or cultural errors.

For future Kazakh language and literature teachers, understanding such
limitations is of particular importance. They must engage with Al tools not merely as
users but as professional specialists capable of identifying weaknesses and adapting
content linguistically and culturally. This process develops students' cultural
linguistic competence as well as their methodological flexibility and professional
thinking.

As Adol af (1998) and I gna (2010) p O |
ability to find effective new ways of solving professional tasks when standard
resources are insufficient. From this perspective, identifying limitations related to the
Kazakh language in Al systems and striving to correct them contributes to the
development of future teachers' creative and methodological competence.

The study was conducted during the spring semester of the-222%4
academic year among 2nd through 4th year students enrolled in the Kazakh Language
and Literature educational programme at West Kazakhstan Innovation and
Technology University (Oral). A total of 15 students participated. A esestonal
survey method was employed, which allows for identifying students' views and
experiences within a defined time period (Creswell & Creswell, 2018).

Participants were selected on the basis of specific requirements. In particular,
students were required to be formally enrolled in the KLL programme and to have
completed at least one methodology course. lygat students were excluded from
the study because they had not yet fully engaged with methodology courses.

The number of study participants was selected in accordance with the scientific
requirements applicable to pilot studies (Hill, 1998; Leon et al., 2011). Prior to the
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commencement of the study, approval was obtained from the university ethics
committee and written informed consent was collected from all participants. Full
information about participants is presented in Table 1.

Table 1. Participant Characteristics (N = 15)

Characteristic n %

Gender: Female 11 73.3
Gender: Male 4 26.7
Year: 2nd year 6 40.0
Year: 3rd year 5 33.3
Year: 4th year 4 26.7
Al use: Never 2 13.3
Al use: Rarely (once a month) 4 26.7
Al use: Sometimes (2 times/week) 6 40.0
Al use: Frequently (daily) 3 20.0
Mean age, M (SD) 20.6 (1.1) --

Note.The frequency of artificiaintelligence use was determined through participants' self
assessment based on their own experience during the survey. That is, students evaluated how
frequently they use Al tools and provided their response to the corresponding survey item.

Two main survey instruments were used in the study to identify students'
methodological competence and the characteristics of their Al use.

The first instrument is the Methodological Competence Assessment Scale
(MCAS). This scale consists of 25 questions designed to determine students' level of
methodological competence. The survey was structured according to five core
components: motivationalalue, cognitive, practieeriented, communicative, and
reflective. Five questions were included for each component. Assessment was carried
out using a Hoint Likert scale: I 'strongly disagree', 6'strongly agree'.

The scale items were developed on the basis of the methodological competence
framework proposed by Deyikina (2009) and Mamontova (2009). For example, the
motivationatvalue component assessed students’ motivation to develop their
methodological skills, while the cognitive component examined their ability to
explain the theoretical foundations of pedagogical methods. The pradecéed
section addressed skills in designing tasks for students of varying levels; the
communicative section examined the ability to organise dialogue in lessons; and the
reflective section assessed students' skills in analysing and evaluating their own
lesson plans.

The second instrument is the Al Use in Education Questionnaire (AIUQ). This
guestionnaire was aimed at assessing the characteristics of students' engagement witt
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Al technologies. It consists of 20 questions covering four main dimensions:
frequency of Al tool use, perceived usefulness, critical Al literacy, and cultural
linguistic awareness. All questions were rated orpaibt Likert scale.

Since 15 students participated in the study,-parametric statistical methods
were employed in data processing. Spearman's rank correlation coefficient was
calculated to identify the relationship between the level of Al engagement and
methodological competence. The main hypothesis of the study was based on the
assumption that students who use artificial intelligence effectively and frequently will
demonstrate higher levels of methodological competence.

In addition, students were divided into several groups according to their
frequency of Al use, and their methodological competence scores were compared
across groups. However, since the number of participants within subgroups was small
(ranging from 2 to 6 students), complex variance analysis was not conducted. All
statistical computations were performed using IBM SPSS Statistics 29.0.

The study results showed that students who use artificial intelligence more
frequently demonstrated higher levels of methodological competence. As the level of
Al tool use increased, a rise in mean scores across all MCAS components was
observed.

A particularly clear change was identified in the reflective component: whereas
the mean score of students who never use Al tools was 2.10, this indicator reached
4.20 among students who use Al frequently. Significant increases were also observed
in the practiceoriented and cognitive components. Although the growth in the
communicative component was comparatively slower, positive changes were
recorded there as well. Overall, the results demonstrated that active engagement with
artificial intelligence contributes to the development of all components of students'
methodological competence.

Table 2. MCAS Subscale Scores by Al Use Frequency Grepcriptive Summary

MCAS Subscale Ne(zé%r)M Ra(r;zg/)M Siﬂm((;tli:r)l;es Frl\(jlq(useg)tly Trend
MotivationatValue | 2.45(0.21) | 2.98 (0.19)| 3.52 (0.24)| 4.18 (0.22) AN
Cognitive 2.55(0.35) | 3.05(0.28)| 3.58 (0.31)| 4.32(0.19) AN
PracticeOriented | 2.30 (0.28) | 2.85 (0.22)| 3.41 (0.27)| 4.28 (0.25) AN
Communicative | 2.80 (0.14) | 3.22 (0.18)| 3.74 (0.21)| 4.35(0.17) A
Reflective 2.10 (0.14) | 2.80(0.17)| 3.27 (0.18)| 4.20(0.21) AN
MCAS Total 2.40 (0.28) | 2.93 (0.18)| 3.48 (0.22)| 4.27 (0.21) AN

Note. Since the number of students in each subgroup was small (ranging from 2 to 6
participants), formal variance analysis (ANOVA) was not conducted. Therefore, the results were
interpreted primarily through descriptive and correlational analysis. The symbol "' in the table
indicates a clear and consistent increase in scores, while "' describes a moderate upward trend.
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The relationship between the characteristics of Al use and students'
methodological competence was identified through Spearman's rank correlation
coefficient. The results of the analysis demonstrated that all dimensions of the AIUQ
survey are positively associated with the components of methodological competence.

The highest correlation coefficients were observed between Critical Al
Literacy and the components of methodological competence (rho O@8R This
indicates that students' ability to analyse and evaluate the accuracy of Al outputs has
a direct effect on their methodological preparation.

The second most significant indicator was related to Culturguistic
Awareness (rho = 0.68.82). This result demonstrates that students' understanding of
the specificities of the Kazakh language and the culumgiistic limitations present
in Al systems plays an important role in developing their professional
methodological competence.

Perceived usefulness showed modelatel associations (rho = 0.8871).

That is, as students perceived Al tools as more useful, their methodological
competence also increased.

The lowest yet statistically significant associations were found between
frequency of Al use and methodological competence (rho =-@B®. This
demonstrates that merely using Al frequently is insufficient; what matters most is
using it in a conscious and critical manner.

The strongest association in the study was recorded between Critical Al
Literacy and the Reflective component (rho = 0.88, p < 0.01). This indicates that
students' critical analysis of Ajenerated materials contributes to the development of
their capacity to evaluate their own pedagogical activities, analyse lesson outcomes,
and engage in reflective thinking.

Table 3. Spearman Rank Correlations between AIUQ Subscales and MCAS Components (N
= 15).

MC-1 MC-2 | MC-3 |MC-4 | MC-5
Motiv. | Cogn. | Pract. | Comm. | Refl.

AIUQ-F: Frequency of Al use | .51* 58* .60* A49* .62*
AIUQ-U: Perceived Usefulnesg .63** .69** 1 58** 1
AIUQ-CL: Critical Al Literacy | .79** .85** 87** T2%* .88**

AIUQ-CA: CulturatLinguistic
Awareness

AIUQ Total A1 78** .82** .64** .88**

4% 9% .82** .68** .82**

Note. The note states that 15 students participated in the study and that Spearman's rank
correlation coefficient (rho) was used in data analysis. Abbreviated names of methodological
competence components are provided in the table: motivatrahad, cognitive, practieeriented,
communicative, and reflective. Statistical significance levels are also indigated.05 and p <
0.01.
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One of the central findings of the study is that students' ability to critically
evaluate Al tools and their understanding of cultlirjuistic specificitiesi rather
than the frequency with which they use Al todlsshow a considerably stronger
association with all components of methodological competence. This finding is
consistent with the conclusions presented in the works of Selwyn (2022) and Kasneci
et al. (2023). These scholars note that Al technologies support professional
development not through automatic provision of information but through the analysis,
evaluation, and conscious application of that information.

From this perspective, within KLL methodology courses, it is important not
only for students to use Al tools frequently but also to develop their ability to
critically evaluate Adgenerated materials and adapt them to specific teaching
purposes.

The findings also correspond to the thh&tage model of methodological
training proposed by Mamontova (2009). In the first stage, Al provides informational
support concerning pedagogical theories and methods. In the second stage, lesson
plans and tasks prepared through Al serve as a basis for students' practical analysis.
In the thirdi reflectivei stage, students implement methodological reflection by
identifying the limitations of Al outputs and searching for ways to improve them.

The study results demonstrated a high association between Cllhgaistic
Awareness and all components of methodological competence (rho-6.858This
confirms that students' understanding of the shortcomings related to the Kazakh
language in Al systems and their aspiration to correct them is an important indicator
of professional adaptation.

A d o [1998) and Igna (2010) regard methodological creativity as the ability
to find new and effective ways of solving professional tasks when standard resources
are insufficient. In this study, students' identification of cultlingjuistic errors in Al
tools and their efforts to adapt them to the specificities of the Kazakh language were
observed as a concrete manifestation of methodological creativity.

During the study, the strongest associations were identified in the reflective and
practiceoriented components. In particular, the fact that the reflective component
showed a very high association with Al indicators (up to rho = 0.91) demonstrated
that students' critical analysis of Al outputs contributes to the development of their
professional reflection.

Zemtsova (2011) describes reflection as the fundamental integrative
mechanism of a teacher's professional development. This is because the
transformation of theoretical knowledge into practice, and of practice into
professional mastery, takes place through reflection. In this study, students'
evaluation of Algenerated materials, verification of their quality, and proposal of
alternative solutions were observed to be effective tools of methodological reflection.

Since this study is pilot in nature, it has a number of limitations. First, since
only 15 students participated, the precision of statistical results may be limited.
Second, since the study was conducted at a single university, the results cannot be
generalised to all higher education institutions.

11
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Furthermore, since the study is cr@extional in nature, it is not possible to
definitively identify causal relationships between variables. The fact that the
guestionnaires used are based onastessment may also increase the likelihood of
providing socially desirable responses.

For this reason, the study results should be regarded not as definitive
conclusions but as preliminary scientific data that serve as a foundation for future
expanded research.

The pilot study results demonstrated that purposeful and culturally
linguistically aware use of artificial intelligence tools contributes to the development
of all components of KLL students' methodological competence.

The study identified Critical Al Literacy and Cultwiainguistic Awareness as
the factors most closely associated with methodological competence. The influence
of Al tools was particularly evident in the reflective and praeticgented
components.

The theoretical frameworks proposed
(2011), Igna (2010), Morgacheva (2017), Kuznetsova (2015), Deyikina (2009), and
Mamontova (2009) make it possible to interpret these results. According to these
scholars, methodological competence is a complex quality that is formed as a unity of
pedagogical knowledge, practical activity, reflection, and professional creativity.

The study results confirmed that Al tools support students' professional
development not through the mere provision of information but through the processes
of pedagogical analysis, adaptation, evaluation, and reflection.

In the future, the number of participants in the study will be increased, and
multiple regression statistical analysis, factor modelling, and longitudinal observation
methods will be employed. In addition, the effectiveness of a specially structured Al
based educational module designed for developing methodological competence will
be tested.
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)
Y
2

moe— Q% =0

sj Isufmjun* [2; 5].
Ols pdzjd3 IskteOdz" "Or d3 HO yYOLOY {1 {ftsf
2HS JXRBEdBOtCHO CjJ2" ' fCjteH" W Y Jjte OfMmlsr b
Offlsr Cjw' Mis' ¢' GBjidzdas @2 O dzOBY O BI®IMiL'dzr ¥ M’
BJdze " Mm" . ¢t veMmMls' ¢e Ispte" LH' CEdd 4 dC ¢
["dzH 02 Cjwu MIs' € dBHjdZ Oy dzr 1 {ftsmMisO Y (
B dz EdR" o OtcOMmr dzh OO" CNteH jdz st dydw dzC
[dW¥Is" € YOBHOdzGHE Ots, Holk, HJd®¥ 1! HgQlso t
sj ¢ YOk Bjdgj " dz2 Istsdz" yIsr telz 1h " dzg jdzg ' L
YOO Cuhls'w lsOwBOMmr tjls' dHj YrLdjls jlsjt
Y SO Od3dz" v, tcHrw dzgj iy Jdzh''w YOEZ' ffMm' L H
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Actual problems of modern scieng@026

toj Is' daH j s Odz" dzOH T | Jj &3j ¢, BIW¥Ils' ¢ Ok
BOMh sOB" dz " ZDO22Is" §f, BOLTtWH' W 1IsdSOd ¥ c

DOL OY sMr dzH O BdWIs' ¢ Oy Ozd&zOtH' W B t&'
nhr gOmMOmMM, yjl', IssorL, Yrt'y MOdzHOte’
FOY'ls fjdz Sjw Mk CC¢j hOtlslsr Eedh jd&5 B to]
YT oSl dz Ists?2 Y OMmMOk-" dzj 3j M4y nh tjls Mmr dzOy
CodBfsLdydwdzr v Is"lsOflsr 0r dz Yy OdBsOBBOMr L j |
Wsdz! Cdestedzr Y jf fjdz HDoDMlsitH' W Bit' Cls' ¢
[5].

[dW¥lk' S OLYObdOH' W CEBSjdBH' ' § YrLd&jls

B' todaj M J HjWG]2H] yr"d3r m " Mlsj2H" . 15t d
sYJoOOdzr v BOMOdzEZr d&zO, hdJjdzj dz" mkz" dzaj X D dzj
SBtGOLHT Y Yrodigls Olsy OtcOH T BOIsr tg, Is " dz
Cij2" fCjtedzjtcH' W Isdftsdzsedwdzr v sH j dz' dz xOﬁ
OlsYy OQtcOH"™ : " 0Odz' YIsTw pDdzjd3 IskteOdzr Isifn' dz' @
L " dzm dgH " Y Is Iz tc © dz' "fils Odzr d3r dz CEtC ] &B Is Il
I MlsjlsdCOdzr' y vy Ld3jIls Oy OtcOHT : ¢cdf j teB 5dzO

sYJOO Mgwylk' §silsdSOd v kjls' ClsjteH' W D M|

[fr jjShjd Clkjten' yN2jdjk nh' d lsedj
CjLHjMjlk' d& dBdW¥ls' ¢ OwkyOkdOtt &jd ShOLH:"
Bjt' dzH'

sjflsj 1. 90L08 {{§smrdiodr dzgc'Le' il ¢
a1 LI

[dW¥ls'C GfOLd"dH' Y MY OI|sESjdBH' S YL dj

1040274 |ckdzdj BOO, OWdloOBOEd®Odd v 02t
Y ODHO2HO HIddjCG/BSAdZE M d IsOd IsO
BOMISO2HT

sdjd CEu"dfOte, yYy"fp, OV|sdi?2 §fSjteH’ HOLO
snfm Oteyr dz@ Bjte' (HeOBRBOISdL BBH"® S h |

nh yOls bl ¢Mf Odz, Yy
Cjvu' mks" ¢

jt, yjw|lsjw M ' Ck' "otk
sjte' dz W|"2r &BH OMIsT ©OHT , |
Sjtej WHiljH'

[WIs® € rdes, HDE NdLiIsr | mOtsfy B 2dzj ' dz
yommr&emxo¢@®trL mMdwylsr |[jtedz' 6" &2 w OEkY'™ &3
sdjd Mmgnh Nd s IstsOor L | st sL dydwadz y

s"tcOYIsr MOdzH Ot 3D H J dzd Mmd oo sdzd €

YOd §lsOMmIsT wOH T

syJMmlsjuHj GCEWMJIs’ dzea j dzH § 2 , BdgWIs' ¢ Oty O
Etede 6 j Gt U GG & ¥ 3y Ddzj BOD' dzOdr y
cfm' tej MJ CE dzj 1 fsmMis© d3d W fid {1 OO
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OQter OdC Odz' ¥ Bj2dgjdzjte Iskr dzH' dzgr W  Odgtcdzr Y
BOI" todz" v ' tedzOteHO Mtsdz Otr OS¢ Odz Yy 1 dzj c
Bj2 dBHjdz' f, CEWCjdBBH € N Otllsr dz@ yIs'™ W Y " tcC

HBdzHT YIsOdz Yy OLOY +« f§ftsfr dzH OO BIW¥Is' € O
CeEdzi YOBOIsrdz vyOodzf r d&zO0 € j dzls' tekej 0D0OdzO j B
B nOdzd L d3' dz Isnfp' dgh " ey HJ BIBE dzHTE B
SdZOH' W " O0d'Y MOkOmM" dzh O O0VOM' tedzOte B2
Bisdzzr d3j dz B 02 dzOder st . 1 Ol GH' W MO Oter
mMn2j dzz' , tslse OM'idz Odejdz" jodz' dz Oy ERW L 'C  Is Odz" o3
CEteC i3 Wtz zOdzOte tojIs' dzHj Y ' L d3dIls JIsjH'

Ister Isr.dzH '

DOL Of s dzH OO BIWIs® ¢ Otcy Oz dzOteHr W € E |
syoO dj. [d&zOte {§dCOdzry N"roOtedzOdzr w Mt
JdgH " tod H", CdJw M ¢ fgidz ZOY'" slsOY d3d W
Yish ded j IsOdz” dgH ™ Y spy " tedB M dz CE©GEJ
fls BIWIs' ¢ dBslsdolsj toH 1 f sMisOOT Y s
dzr dgph€ YL tojls' dzHj Y OteOMmilsr ez YOy 4 Is.

r Odzff r OdzD OdzH O, YOLOY {1ffsfmrdrrwvw CEtS]
JjIsdSOdzr Yy pfMjteH® Cuh j2lskzdzjdz vyOlOte, "
J tczr Odzd Y " dgH' dzf YISOtGH T "toff OYIsOdz " to
BOEBYRECOHT . 1 "dz dBbfMjdzj dz BHOdz DI’ dzC
i m ) D dzj BIWtsftst Isds Odz ¥y MOdzr Mist tolz
I Cdztstels Odzlzr 1h " dz ZOWr LHT BOD' SIsOtcH "™ W

1 O2HO®ZOdZ" zDOdz pHiBdJjIslsj to

1) JteH' BO2 t .1 @A@Y’ 1 fighfi2.33, €©.98 2.

23B"c0Ojo9 z. Citsm bpdzjd3' : YOLOYVIsru BOIs
¢ zd&zOIsr @ 17 2 UH H.99 3.

3D00MYy OBlAMiss OWH OO dz" . U . 2 . [ W tsdztse
1 Jtelslsjitps ®dzO: Atsd&z§d@zsp. 201 4.

49U tcOsB O OL OY Wisdz C dzthtiztR@lsw: IsPtledr Is
412 B.

50dzH 8.02D 0L Oy W tsdzsicidazd Isiz@ C¢ i ipt J
376 B.

6OSYW’ tcOBB OYPOL OY + s’ IHodagOIsls I tc Q 5 diAS &3]
i368 B.
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Actual problems of modern scieng@026

s.r. 14dJkB0O]j 90
[ Ocd st dlac,OBff Ols"™ dzH Od"™ 3 0OL 03, nakEOIB" kkzd o

[OYOdzOHO® zDteB Odzlz D" O ©® hr DOted3Odz
CEtCjdBBH € Mmdf Olsr sSOdzH OdzOHT . ) jtelslsjkz BC
CIlBLY'  cOkze bDWE' d&BjM' dgH j ¢ Cjdz dz sBtOL HC
spteB dJ , slsBOMr dzr vy y"dgH'™ dz@ YIsOte ybpdzj Y OL
Y OtcOfls' tor dzOH' . wtsdy d&3j dz Y Ols Ote -yjCusj’ de@ififlz Spj
fMdrsdksedwmr ypodaj Cj2' §Cjte o dzgjL"' dz Oh
MOtc OO ZOH T . 1Jtelslsjlz dmolsdyifm' dHy Y OLkhr
YOLOY D2jd dz W tkROdd BEddi M d kOd IsOk
BODOM&ZOAdZOH " .

st 2 dz fMdat gaeB j2dzi ', yYyOLOY ftsL O ,
CEtCjdBBH € JjtojChjdz €, pdzjzdgjIsls® € ftE dz, Tt

cHijBd NroOdzO Isi tcdz Cd2"fCjteH' W IsBT
v 'h' dzgHj] ¢cOdzOe, ¢D2jdzée tsBtOLHOWr |t
Bj2dzjfm' &2 w HOBkT ddlsdyjm’ dzvj Isitcdz
dz IsOYT" ter BT ptc CjLJjWVW hroOttdzsOdzOter dzH O
MrdzH O Cjdz' dz Bj22dzei ' dz' w CeE®ECjd&3H' & Mmd
‘dz BsBWOL T Oty " dzr slsB OMr Y "dzH " dzf O t
OB dzgH O C jdz' dz2 ¢ J S Olslsry Hjdz YOy dgHr
A0 dZO kO dzO®, Mtsdz O™ dzhr w X OMr 11 dz¢-PEgz OH
tc G J szoOdz ¢ ' M dz2 w D2jdz" Bjdz B 6@ Ols
OHOM dz" ¥w HO D22Jjdz dz s. HJtf O2IsOH" e [ 1,
Olsy OteOte yYrLdgjls*, "“h¢" MmjL' &g dGjdz S22,

d

r

W o<W, oU—C%
T HFHY g O “g_

Dte Y' tor dzOdz Mikztcj Islsj dzj H " .

ctecB ' toc Is"tcd3" My © h YYOdz Yro ¢Sjdz dzé
Wsdz! Cdzstedzr vV 3" tcOd3r LHOdz HO Odzr' Y BO2Y O
N todzOter dzH O C-flz@MdzE Pls OPR &O tsilst o ff ts dz
g h jdzjto' d3j dz IsOdg” MiIsr tcr f " r DOHT™ . DH0OLOY D
sfr dzH 02 Cjdz dgéj Y OIr fmlsr 02 Is'-lsdOd&D @z drpdm
CEfISjf SjLHjM ©jdk L. o¢d fftesL ODO € j dzjts
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CEte" dzg i IsOBOHT . [ Mmr s"tcDr HO zZ. D" BOKGTS
CIlBLY  cOkze DWGE @3 M' dz L jtelslsjlz dz@ MOdzr JIs*
Z . D" BOs O hr DOted3OdzOt" dzH O D2Jj dz
Yy OtcOfmlisr ter dzOH T . [ dzH OO DR2JdH" W Ay lsy ,
Ohr dzOH " . cCl10OMmr tc de"ter € ttsd3Odz gew® | C P & dzL
dBOdz dz' v, lsBOmM" dz ¥ & dzgH jIslsjtc d3j dz Yy d ' dzt
{ sdzOdzH OO dzj ¢ " LG Cjdz' dz tsBtcOL HOtWr dz BT d
HDMIsIl tcdz' CJdz dz By Ofigj if' j,dz’ elz( 2By Ollg) 1 84 2 d
YOwohr dz, jwejSytste Cijyde rdezHe’ jY2YAE) fml3Ee?fd§GEde’r'

ZzOizr mMr dz EL RZzO3r M dzOdz Y sDOter Y BWIsT dg,

Y OM" tDOdz 3" YIst D2jdz tsBtGOL T . 4 Odzd » Odz" v
JuyuBjSysstedzry CeEt' dzgjH' . [dz IsOW Olsf 02 Is"
Cnyjke" dzjdz sowvy xJft, HJ dzj ° Okzr ter f Is"tcMh
[dzr W B"dz pDtejCjlslsjtc’ cCjdz &z BsMOODOHO M
CeEtc' dz' M’ "My JIslsj M. bdz " dzzy Ofplsr w € j dz'
sYJOOdzOte tesdzOdzH © Elsj DMjtedz Mktejlslsj dze j «
BOROBBOI fidz Y dz ISOUHOEZHOd BOMISOEZOHT
QJdZG’JdZHJ, sdz OzOOh yr HO JC " dzh' D2Jdz ¢
1p2B'hj 1dy'6e'Is yOfm §jdz dzH' B' toH jdz Y
Oh ©2r dz! e HJt hr dgr dzh ™ O" dz Yy " dzyr dzO2H " .
Y stcDOh sOf , caeOBrtc Jjl'w' L, BJlSGthG fr]Odzls
h Otch Of Cjdzn" & [ 2, 45 B. ] HJfd 1dy" e’ Isls’
Y sdzOW h Oh st | dg"tedzr CELH' Otekz tjls' dzHj M
3" dzj L' d&3j dz Yy pDdzj dBOdZ dz OF d3d dz [dzh‘BJle‘w
L"IsOMis©2 OdzoOdzH O, 4" dzzyiopfge v p fipls dztc B &
YNNtejSls" W yOdzOkzr OtOMm" dzH OO QItGanls Wy gy
cC10OMm" .o de"ter € tosd3Odz” dzH OO ' O OtClldz tsB
YOtcOQOOdZH O EL " dzg' W YOwohrdz CeLyYyOtcOMmr d3j dz,
3" dzj L 3 dz jted ©hjdzj dzjH" . s Odzd - © d&j dz o " d
CEh Y jdz s"ted3" M L OWH' dz' YIsOtey Gy @y E @y P zO
YOdzOdz" ¥ Mjdzjdenj (recjdg joC0O) EMCjde [ dz
hslIsyoO yn2t.' & GCjdz' dz ssdzr § MmiktejIslsg dzg v ' .
O2Is0IsT &z yOmdjIs' sfr ctster Mh Oe Isbd @dkd gzdn"
Ed3 to' dzaJ Y OVUVAEddy do ¢ jlode judz B OMY OdzOteH Gidz B O
Is"tcd3r Misr Yy Y ODHO2H'T Y OYMOlszDO " dlsr dzlzr .
ykr dzz HDoMmbiite" dz &3 My b "lsf O2, (dzh " Bj & B
MOdzH T telskzHT OdzOf jIsjH" . sOdzdmr O dj dz o'
B

cQiydz OO jredzai® B(ERDOtels 1 fmp |
sz Y OlsOts, sdz Okzr dz bp2j dz
" tczH’ N2tejIsjH' . dw0Odd-
Y OdZH dztc ) OB O ™Y ©figC ul ez 07 dzO
2 O0dzdz02, [ dzh " BjCIsjdz J tef
dz" Isr f, JJjtedzr 2 (YyYOL" t6G’
ZH ISOWHO2H' .ISE Ul &3H tizdz] 9

Jdze " L JH . o

0
tc
s

02 ZOd' MO, 63O
[
5OD0d il tcdj t
b



Actual problems of modern scieng@026

s" ey @Mz dzr ¥ i dz dBOdzr dzf YIST W TR hdOdE dgit
Y OWOhr dzHr yYiIsr v, D2jdz BtMIsOdzH™ D dzr w ) Ote)
ZDteBOdzz OH©" BZOtctso Odzr W ¢1 OMr tc dg"tcr € tesdZO
sdzr W tslsBOMr dzH O0O" tstedz" &3 dz 3 dzgH | Il jfids lidig)
Mkt slsj &ze jdz. sz’ dz IsimECjdzny BGdz' W BJIs' dz
i sdBOdZHO ¢ OSC N dzH' W "1 3 dzHry " h'" dzHj] BiIsT
Is™ter { thIZDG) BsdzO &BO?é HJt mMec' " M J Mk
BOW"T LHT dzf OF EtGﬁ]Jls‘desz. S j dz' dzdzV wdz @G j
I dzC j dzH j G J HyJGjdz Y"td3jIs’ ki dz dB OMr dz W
B'dzjL 6" dz Mz yYyBdz &3 dz " Ms@swH ') hjsdz Ok
BtsdzdzOD Odz jtoj Sh j dBOdzM dzé vy tenjplshi Isdntgdz ] fitplz tdgj tds
YOLOY D22jdz dz W Cjdz dzgH' &€ ER te6j BJ 2" dgH J
HjGJjdz Y"toed3d Isls” MOY SOEZHT W Y "icOd teJ Is® dzH
CJdz"we HJY Ik"OOdz Y 0O Isuf &BOOD" dzOMm" .
cCJidzée HjGJj-t2L MYy G Lddz" O d3H T O2IsOHT . DOL
OvoOlsmMo Cjttjce [2, 54 B.] HJ§ CJjd dz MmE

sjJjdz' d&z Bj2dzj ' YOLOY ftesLOmM" dzgh O CE B’

slsB OMr Ch Y BHQ IS 2O OO T dZH O CE S jJ d3H ' €
ZzZDteBOdZzZ OHD" BFOWwSo Odzr W c¢cItSLY' cOkze bDWGE' d3gj fi
CEte" dg m IsOBOHT . Z" OOtedBOHO slhdzdd@zOdz Of O
Y Ote-y @Qls dzO Otey r dzr " dzlslsrt y IsOdz" d3H OO '

OteOMm" dzH OO ' CELY OO YO2hr dzr O 3 D dzj s
BJ2dg] dzj dzj H ' . sl dzd 30dz Of O "z dz "L OIYO

Dtej S JIslsjte’" dz YOL Oy spteBdJ dzd dz 1 2dzj M 4 2 Is
DOBOtedwWdz W CN2jlz° "3 MsOdz € J dzegjdz MpDIsls
J e’ CeEte' dzj H ' . I"dz Is"mMsO Jjdzj &2 W ¢c"WlIs ¢
Y SDOdZH OD ' Cjdzi dz pHjB dzgj VY2 &zOIs™ dz [s Odz
clsnez;020f & " L6y " dzOBOMO, EL " a3y " dzO2HT , 1
ELG]J B 'tejz Jd3j M, M LH"YW BO&RZOWT L Ots2 é
B3 dzi L dz, ML  BH' Y OMr edgOIsr dz J 6&¢ " dz B tsdzC
§fmd

ddz] @Bidz Cjdz &z OcOMr dzn OO MR sdizsedw dz y
bolstste jC° g;z'qg;te Ot Of" dzH OO0 ) O dzy
Oy ' &z hjBjtt BjtjH' . slddB0d OfOd W ¢

MOBOLtE" dzvr & Celsjt' i, bjede dzj S jhd@2' h'Sh k' yC
Mo tsdzH' ¥ Cete' dg@ i)' . ddz DOROLdWdyr W clskzo
403 B.] Hjf ©®2 kius' Cjd & §mMdosdsedy
Bj2 dH,jdzEH' W Yd' dzi' O dOIE £ 6 dej oz’ B iy WC

J

[ 3, 403 B. ] HijGejdz “hQF Istsdz0D Odz" M OtcY
BstcOdz! HF' Y Y OROY &pwh ! Zcwe' &3dj Hj My OteB j €
Y"Ld&Bjls OlsyOtOHT . [ dz OdzOMm’ kB4 &z Y O’ dz
mMOBrtedgjdz hjhkzej I©rtermrg, J¢° YOYIr Ot
sJ2'"fCjteH' W ¢cHOBBOW, M jCjijlzdg' L dzj Or §f ¢
OHOd OB2, i m¢ " dg Cetc' YOdZDG)dze14 rfilsr
OdzdzO 2 . etsdzO2 Jd&3ifm . D O30ty Odz, O2Ishr
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3

NdzGC jdzH' Mmr 2 dzOk, lsBOMr Is"IlsOMmilsr O
J dzj H .
BOdz HO EL ' &g W B 't CjLHJ YO BB
dz tidy' ' Is'f OdzOOdzr dz Isufy" dzgj H' . [
W Isdzry Bj2daj M CEte" dzgj H' . J dz" v
Jd Y "L yfo22lsr dz , Cnyjkz' dz mr 2dz02Is
Hy Jdai CEL'  d3gd &z mMdf OlslsOdzOH " .

Dister SO O2IsYy OdzH ©, zpDtBOdzz D" BOwtses © h T
Y OL OY D2 jdz dzg' v " dzlslsT y B tsdzd3" " de, tclzrn O
Y"deH" dzf YSO®GDO HjGjde SELYOWOMmM" dz IsOdz ISOIs
CeEtc' dgj H " . r oL kzhr c10O0Mmrtc dg"tor € totsd3Ode (
s" dzoOMm" dz Isj & Is" tcd3gr Misr Y HjWGEJj2HJ J &34 M,
Yrter dzOdz Isjtejw Bj2dzj dzj 2 H" . sYJAAs' T dLQjfrie dzj osfn
ddzgg d3gdz Cjdz' dz OteOMmr dzgn ©OGO" Isuf’ dz' Mis®™ € 4 4
HDMisnte di3j dz Y OwOhr d&zH" v d&boMmj dzj imp* Oh " dzOHT .

1dtelslsjlz BOtr Mr dzH® OolststcH' W C jdz' dz 5

T O
S )
)

=U=h
- &
O

g§8&

TQ,

TRERRW BT
&Q—

O I "
Q—. Q—

[\
—ag

5OdkH Ok, HOdsE, 'h¢' EBsdsdse bdj I id
Od' YIsOdkzH' . utsdy d3jdz YOO hrDOLdBOLOEH
OB toder dzr v, 3j2 ' dgH' oz € §jdz ©lsB OMr B

YyYomdiblsjte "dzslsry IspteBdjdz W CEt" d2' ' to] I

[ &z02h O, ZzZzpteBOdZZ D" BOttso O h riyYEs dYdzC
DHjBdJIs' dzH j G D2 jdz tSBGOLM dz Istsdz" YIsr tc©
OHO®BGE jteh " dz' € "MlsOdz" dBH OtGH T HDt' fiIsj21Is' dz
B ' tc'

1 O2HO®ZOdZ" zDOdz pHiBdJjIslsj to

1 ¢éYyBO2 1. 7. dBO2 ) Sikzd dzdz@43y'd:S dz¢sf $m Q& fn

352 B
2 Dn ROt oI B)@dz 1 O {ies PR’ .R S OWIsls Ots
i) ZBOKT, codz Pter i8S 200@Y OMr , 2012.
3 D" BOsSO O z. DOLBOIBSEIORES I Gte.j fijlst dd.
O &zkOIT, ¢crOLEhr §4a0MEOMT, 1980.
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Actual problems of modern scieng@026

1 v ¢ f 17.07.41

x s L I e )

11L.00k] € dzts o
[Oc didflelss. r uB Odetse Ols' dzvn OUr ¢ 3ls MB3jls MBG' todz' €

[ OYOdzOHO YOLOY OEkr. DHJBdJIs" dzH j G° B
I fsmMisOteH™ W EL Otc® X Odztedz' VY, CEtG J ABBH" € Y
Is"tcDr HOdz ISOdzH OZOH T . 1 OlsT tedzr v Jtelsj e’ dzj to
IsOQteeridflzj sd ¢ Odz' vy, st sdzse W dz' Y ) D dzj
YOwOMmIsr 6" dzf ¢, SdzOteH W Widz Cdzstedzr Y HDTMIs
Y BdzH Oter  O2 Y '" dzH OdzOH " .

1dJtlslsjkz BOtr m" dzH O BOIST todzr v Jtelsj e dzj

stcls OY me Y Jslsy to, Bslsdolsj tc &3 dz BBOL HC
Q2" ted3ON 7 dzr yIlsOter CEtC jdBH" € Yy iter dzf o, Z Oy
st sdzsedw fmr Is" D" M dzOdz MYy OlslsOZzOH T . H t

B W sdztse d W dz" YO Opp@2jr Y divddg dsd dzlslsj teH "™ W+ ff sl
Ddzj ZBjIsls' § BOL 3" dzdgj dz " h sOME jtej Ch jodz Slsyg

[ OYOX&ZOHO VWdz CdizstelsOdzgz OF dzf of3Ff dzH @ G j &
GJdzgj IsdC Odzr v, -l ~fpfs,” tcdp@fdf sdztse d W dzr Y- 3D
MiBdslsdSCOdzr' Y pDH  MisjteH' W B ABE" dzgH' Clsj t°
jelsjce'  dzjteH' W 1 {ftsmMy O " dkzOMmMkzr dz L jtelslsjkzHj@
1 Jlslsj iz dzp Isd % j dzj to° BOIsr todz" Yy N Odztc zOtc H
nOdzr YIsTw 1 fdCOdz vy MO dzO M d3sj dz S ECC j dgH
Bl dBE " dzH' € Bjtoj H

T2 MM HE @ dr Y jekjd ., BOT d p 4
fnExdls, BIVBYBLIsdEO.

.c

DOL@Yr L pDHJBdJIs' dz2 W Jw CEeEdz] iBBIST tlg@WY 1
telsj ¢' dzj te d3d dz B Olsr tedz" Y L f 5. 1 "dz ) Oc
Il dzd 4 Is Odz" d3' dz, dtwaz" ¢ fgjdz Jdzn' € Is iz tc O dz'
telsjGe’' dzjte EZOY' s EIsy§ Cjgdzy 1dCOdzr' y yr te

OMlsOf Y™ CeEtwSjdH' € YOBOl tjls' dHj YOt
O’ wdr ¥ jlsjcd' dzjon' W 1 fsMy0O " d&Omk
sdz C dstelsOdge O dzf 8 dgH OO EL jSIs' dsp Mg dzj c

=W W% I %
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d zO2HO B"dz y"B' dzf mlsr L Jtelsls] iz BOter f
dgr dzH " BwlkOtdzH O2 H T . dIsOf O21Isy OdzH O, Jd els g
Jd COtOMmr dz 0O2YyY " dzH Oz, SdzOtH ' v IsOted » ¢
osdzs ydqwmr dz Odz" YISOk di3p M dzj dzj t6° Cdhjdan'
Ols" tedz' v Jtlsje' dzjteH' W L ftsmyO O2d2Okzkz'™ dz
J G ' LHJtWH' YN2jdzjkz OMO dBBOW" LHT .

1 Ols" tedzr v Jtelsje  dzjte dBJdz BOLMtedzr v 1 §C

Dz s BdEd HOBEz"™ d3dj dz Is" D' L BO2 dzOdz" misr .
ClteH § dzj dzlz * , mr telsy "’ N Oz dzOted3yd dz S 1t M, )
BJj2dz ' dz2' W BOL B "dz" dz BO2T IsT sdzr v  CEt
Is" D" HOdze OdzDOdzH O, BOIs" tcdz’ ¥ Jjwlsjcec' dzj o6
tcjIs" dzH]y Y'LBjIs OlyOtH' HJjBEkG] BBBEZOHT' .

PHJjB(dJ) BWAE.

1 Olsr todzr y Jwlsjc' dzjte d3d dz B OIST todz" Y |
SdizOtGH ' VW ELOtcO mMOBOYIsOMmIsr O adizd dz 1 9 t5az

D" dzf dgf dgH © mm DOM" cH"™ W B OMr dzOdz B J t6° O tc dz
OdzH" d3j dz { fsMilsr w hr oz Isje' djdz YyOdzr fIlsOMml
JvwBjSIsjteHj CEIjtc' dzH ' .

[t M Wisdz € dzstols Odzlz D" dzf d3f dzH O BOIs™ to
OtcOY Ols™ @zOMr) teksy JwBjGlIlsjtc' dzH j Isjtcjw Is
Y"tor dzf s oY sdzse W dzr Yy IIQJfr] dz L jtlslsj?2 sl
L ftsmlsrw Oten O < Odzr Y dZJG’ L tejls'" dzhj Yy Ot
N todzOteHT W M Y jiIs® BB dz SBYsLdydw mr dzn O
Y Odatcdzr ¥ HOBEZH™ W L OWHT dzplsdy j i .

1 OlsT todzr v 1 ftsfmisrw IsOtednyd. ddj B5 q detg dc ' dz0 |
T todzOtoH T ple zfifids Is Y BT dzf tejIs' dgH | Y O
YOdzrn f sOfmkzr dzh O jlsje' dz* € HDMIsltcH' W BOWr L
BOI" tedzr ¥ JjWlsjce' dzjteH' L fssMmisry MOdOdz W Oc

steC! nOdzr YIsOter dz@ W [ ff s'dded3lz defipdsdsy z H &
O2t" YN O d3D dzG j§ dd. 1 Odzr @3 B OlIsT todz" Y Jj tols
GjdzjIsd S Odzr'' vy BO2 dzOdz" Mmisr s tcC* Lf sr dzr v
Y OtcOfMmisr tor BV sdZcedwdzr v Ybpdzgj Y OB Otcdz0dz
Mdf Ols Odkzz NHjte'"Mm dz CEteMmjiIsiH" .

DOLOY VWdz CzstelsOdzz  OF dz" d3f dgh © B " dz 3D
BOMIOkE OQdzOH " . J]d&z BOIsT tedzr Y ' tedzOteH "™ W
HIlded j sOdz” dsFr d3gj dz Isr DT L BO2 &zOdz' Misr d $ 4 dz°
OQteOf'" dzH OO IsOBq’Dc[ MOB Oy lsOMis’ YYO dOL O
1 fsMmisr v CEtGQ4d3H‘ BOMOEZ" tjlIs' dZzH] B ODOC

SJ 2" dzg LJ'[GISISJ  dzjptOHsj todqz'. v uj sl ctsdrj toH
Jw )¢ OQteOMIsr tor { SdzZOtGGH' W Y BODOMH " )
Cdz' M dz' dz HDdzj dzH j 2 H " . 1 Odzr d3 B Ols
mlsr y ftGDO 02 dgQddzj Is|dEdHdD toyr dis "'IaEDid qHRAJ0Z

ot m 9—.

tc Y
tc d ¢4
ts BOIs

23



Actual problems of modern scieng@026

utsdz d3j dgu Yy OB OflgY OB OMtse jweB jSCIjte" dzHj BO
fsilsdSOMmr, Meyjls' djd Bslsdoaljte’ MOd Mmis
BOI' todzr v jtlsje' dzjteh' Wid Cdzstedzr ¥ X Odztedz
Yy OtOMmlsr o7 BEZOGH' W 1My 0O " d&zOMmEk' dzH C

LOUH' dz" YIsOte" dz Odzg" YISO2HT .

rOdzf r OdzOOdZH O, DHjBdjblsjtee] Ntdzkz CEt
LMy O "dkzOmkzr d&poMmjdzjMm' bpDtelslited bDH' MdzOd3
B"dz Y"BT dz@f fplsr CJghjdaH' slitcHj Y OtOfMmisr ok
IsSOchridlzj SdSCOdzr Y YDdaJ §YBLISdECOdz VYT B5OUZHOE &
Wisdzr C dzstols Odzglz Or dzr d3" dzf w B OMlIsr  d32JdzH j Isls | t&°

146G LG BMdz' 3.

1 Olsr tedzr Yy J ijrodd ) " ff L dzj d3gd dzlsIs j to A3
Mdf Olsls©ODr " O0dzr' Y ftetsL Ofr dzr w st . [ dzHO
YOkzdzjdz Ciutej ', Ydr dz Mmr dzOyYy sOtcH Odz E sk
CEtc' dz I IsOBOHT . 1 OIs"te CeB " dzgy X4 SCJ4 Is"™dzD
BOM" dz"n w GCuh’ kg dz Oy " dz" dzO dzj 6 L HjdzjH" .
mMdyr tedzr CEdy €M " dzj to, WOdkzlsOmisd S Odzr v ¢Cjw'
Bsdzr f G Jjdzj H' .

1 OlsT todzr v jtolsj ¢ dzj teiHls Qs der@ifin IsdzO Y, ldd jd€rhy,jlsdz” |
sj2 ' fCjtodzjtcH" W EdR to MHNteejdz 2OyYyr Isr 3 dz
h OQtelslIsT IsintcH]j B OWdzH OdzOH T . 1"z sd&zOteH™ W €
snm" dz" Slsjted3d dz Isr Or L B O2 dzOdz" Mmis’ d €4 dz dz
CJ 2" dzc LfsMmlsr y 3" tcdzOtcDO Ispdz CEffIsjcy dz
BOMIsOBBOMr X Ols' ts.

1 Olsm tedzr v s BSAZNHO, Edzj W3y dz 3 ' tedzOdz
sOtcdrd hr dzH" YYO B ' teh OO Y OYT" d ) Odztc B 5«
hrokz Isjae"', tclzr J dz' dzOYy IsT OlsoOdz f, ts dz
BO2 &zOdz" mMls® MkztcjIlslsjdzjH' . 10Is"tc 3jCJ YOB

Otcd3®dzdzj ¢ dz yllL jcej OMmrtwkhr [Hr dzDOO HDt Y f

[Mr &zO2h O BOIr tedzr' v Jtlsjc" 3j &z B OIsT o
MOBOYIsOMIsT Y O2Y" dz BO2Y OdZOKHU Oy OROIYr towsly dyO
Oy ls Elsj Cjdzj IkOtedmrd BYJOOd&ZzOtcdsj dz, b dzj
' tedzOteHT W Y Odzr flsOMmkz" dzO dzj ¢ L B 5dzD O dz.

1 Olsr todzr v jtolsje dzjte YOLOY Wod Cdzster d
Y Odztc dzOtcH™ W B ' tof Btsdzr f IsOB"™ dzOH T . [ dzOtc =~
jdz OdzoDOh yr Y OB OtocdsOdzH"™ ¥ dHJj OdzH Oter dz B j :
tedzOtcH™ W Y Odzr fIsOMmMzr dzO@ dzj 6" L B t5 dzD O dz.
2dzj M° CEB"dzgf 0VOY02r{ IRHO2tPlsdj nmi 2
f OlslsOdzOH T . I"dz Bjdze' dzjte {1 fssMmisry BOIsT
tceptir) Zd3J Isls® & dBOL d3" dzdsd dz Istsdz" YIs' tef dzOH " .
Olsr tgcdzr v jtolsjce' dzjtcH j G Y OBOtd30Odz BB ts(
Odzr' y MOdzOM" dzgh © Y Odzr f sOMY Odz &3 defip* L
COdzr' vy SCnhyjddf OtOQAPOI§rdglfifipe, AyQfdy r tcdzr O

1

L d
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te C€j2° dz@ L fsmlsr y
dz BOMsT B d6' dzjes G
‘W SR ODBE vl O ¢k

0 m

0

hgq__

= Q v
§&
&

s iddrjdez] dzlsls j oH " W B OMr o3
dzOY IsT 1 Is dpzC O@ds @z dfOMEls @, YISO d3H *

s s"tcD" HOdz OdzDOdzH O, E
YOtcOMmlIsr tor dzOH T .

W INHX N
_<

=
~0G O om -«
B
o8o
=
®
Q.. —

s tedz" ¥ Jwlsje' dzjteH W 1L fdeEOdzr Yy Y tedx
" L-@Y dzsOEY@arr Y NHHJjte MIs'w dzblsdy g m
d&ZzZHO Jjlsje' &z € My Jilslsjte d3j dz dislsd o
fjdz "hlsOmrf, YOWO Py Odz ¥ HJjWGE]2c
| dz, JtlsjGe HJG' Nd Sd BOIS" tcH'™ W
mMOyIlsOk dHJj W d&zOter &3 dz MOB OY IsOMm" -
ddJ B d&ZzOH' . [ M ZO2h O Y OB Ottd3Odz
:Odzrylsry JHJOdZz HjWwe]2 dzg HJ2 dz HOBgHT .
JIsd ¢ Odzr Y Is"tcD" HOdz OQdzOOdzH O,
BdWsdsecdwdz vy €42 fCJtedzj teH' W Stedg” dzO + {f 5
BJ2dzj dzjte YOz f $OBGOG dIzstcdz'"Ydz ) Odzte &zOtgH " W
LOWUHT YyY"B' dzr .
1 51 Is d 8loted dzi W s to ¢RI D j ' TgHTR J

> W -

1 OlsT tgdzr v Jjtolsjc' dzj toH ' W iljisfr]y " dzOMmiz " o
ster dz OdzOH ' . [telsjc' dzjteH] CtBILJYdw Y Ot
1fdeOodzr' y YrtedzOteHO ClitoH J dZ CeB@RBf sL dydw dz
C ' MY J, dzj 6 L G sYdoOdzOts, h Oter YIsOk
YOBOtez®Odgtztcwy tsdzr € jw CEdzj d3H ] MEktejIslsj dzj H®

Cfd& Odzr y ' tedzOteH O CEteGC J d&gH " € B OW dzH O
Is" WHOEN" DO pfMMjte jlkec] BOD" slsOkzODOdz jtoj €h
1 OlsT toHr W jtodz' G pfm' toj dzj Iz, cdtf J teB tsdzO, s
BJ2dzj M’ nOdzr YIsTw v"yTr dZBHT Y Y OB Ot ggddzy 'cY daf
BOWdHOEZHOdk 1 fdJCOdy i1 BEODO ElEZH' W 0OF

HISer 34 dz Y OBOUES jlsdzHEZHE Sy "tcOdzH Ote Y 112 j My’

JWls] G dzj teH J Y OtcOf ©2" d3 B OW dzH Okz Isp " dz'
Wistcdzz dzOdzOtc,! f I8 jol®OIB stc, YO2 50&ZOBO®zOt € j v
Lfsmisrw CeEtCjdBH' € YEOIs™ dz Otelslisr ter ff , sdz v
O2Y'" dzgH O2 H T .

[ dW s dzts 81z jdxi3 dZIs@lﬂttef@ﬁgt{u’ Ols. Odzlzr

1 Ols" tedzr v Jtelsje' dzjteH j G BIW sdzZsedw dzr Y
Is 5 dz" Yy Y27 dzr Cidlsqfj2H" , YO2IsO yOwoOh O
CEdRRJ Ch " dzj to, mMdy ' tedzr L Olsls Ote, IsT d&zin™ d3 S 1l
Btsdz' {, BG)lsrtGHr\JJ tclz m Odzd 3 D dzj WdL d¢ Odzr
02 dzO dzOH
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I"dz yrnBrdzrfn RBAWESyts1 IsdC Odzr vy Is"teDr HOdz
OtcOMm" dzH OO ' MOBOY IsOMmIsT YIsr HDdzj dzH j 2 H ' . |
Lftsmis" w ~Odz YIs" Y HIddJ IsOdz” dzdifjdz Isj tej W B C
PH'f) dz0O dg3se™ H O dz Is OOFHIER X191 Jddc
J(Dlsftsdzfy Jtolsje' dzjteH W 1 sy O " d&zOMmEkz" c
h j dgH ° IsGdZHOwJ]dz@ﬂsjz[lﬁ.GdzBQtscpmdﬁ] Y Odztcdzr Y
OO Il &3¢ dzH ‘€ BJtm], MmMoOdzr mMisr tc 3O dz' !
NdIslsjte d3d dz Bslsdolsj tcH " W s Ot Odzz - OW
| B slsdCOdzr' Y pH' M silsdCOdzy yu2jdg w
OHT
[ M ‘"B tH B &' thIlsOMmiIsr tO® yYsdzHOdzlz B
lsfr]lsG)tG Othfr] dzH OD " > Odztcdz' Y- HPBOY IO figlsS rdam
BE " dzH" € BJtej H .
1dtelslsjizu' 6 dzgje' LEé' PpH' MdzOBOdzr 2 BOYTr Is
J(Dlsftedzfy J ©lsj ¢ '"ddjQdmAdr Yo Isistfj ey © B © todzj N
" ) dzCedgalr Iyls Ote Y tsdzH Odz" dzOH T
1. s @gdiLidsd S Odzrez " fiy). Jtolsj 6 B3d dz 1 s
HOBE GCJjJLjJWHJt d2 MOd mMisr O Is e f Y OtcOMm
BdWIsjteH jdz B OMIsBOkztec s dz' I4fQ tc dE-'dtc IsdgO L d3" dzd3j dz Is
Bl dBE " dzH" € BJjtej H" .

2 . g4 Odzr Mis'df dgs@zaiz’'c d W dz'lld& S pH ~fP.dzr YIsOter dzf v
YO®idz] &3 Wisdz! € dztste’ dzgH OO BOIs" tcdz" ¥ Jjtlsjae'
Qtey ' dzf stols OY me Y jIslsy to &3 dz BB OL HOWGH'
BOIsr tedz" v 1 ftsMmisr w yOdzfr OHOAL Olslsr' Y L OWHT C

3. Inte’' estisd8 Odz" 21 LV dHdB Y. j telsj ¢ d3d
meydl vy"ek, ¢BRBISLdydqw, tBtOLHOtL YN12jM
OQteyr dzr Jtlsje' dz' ¢ fYsilsdeodz v 1fdqeOdzry ¢{E¢t

4 . [ dW s ts1 IsuSCIsler t&€ BpjH2 digj. ' O wd dzls ' & d
DOt hispgzg] MOCKOdHT Y dBpDdz' dz SOdzH OEZD O dzj «
Jtolsj 6" HJOOY OX'dv dzimdtf OlsT dzOdz + f sis OO Is Ot
L otsdzs ydqwmr dz Cetefmjilsj ' .

ORI O ILE)
Q- ® Q.

E=

& "

PH' MdzZOBzOdzr 8 BwBpMmjdzj.dzj e dsj dz 8adr dzHr SlsOte

1 Jtelslsjlz BOt" Mr dzh © Iskzr dzgH ©O2Is" dz dzgj & ' L ¢ °
YOdatedz" ¥ 3" Slsjlkz d3pfMmjdzjm' . 1 OIr tedzr v Jtels
mMdf OslsOOT Il dzG " dzj teH ' W Cef CdJLHJME" B !
ClNtoH jdzj dzH ' toj H " . seEflsjc]dz h 1 D @tORA®RO 4 H (
BW sdsedwd ¢y 1 dzj Bj dzlslsj to-p dgjj a3 jiistists iy Off dlsf o
CEtc' dz2 i IsOBOHT . [ "dgHO2 OteOdzr' Y Ildze' dzj toH
O" dz 3 dzn * € ¢ J dg"yYyMmMOdz G j azls' ez a3l &3S * dz. s
BOL d@Z"dzH" ¥V jBi M, Hi1lsdSOdzry Yy "t dz@ 3, tsB't
WldSydwdzry vrio®ilst Mmdwylsr C[4lh jdH® BJ dzG’

t €' dgh BOWT LIHE OYydigdsmjtfzidz IsOted~d N1 dzH
1 Ol todzr' v Jjtlsje' dzjteH' w CEfhM ' dz' @ dzOy Isr
s Cjdzj2 Mmu2jdeBj 2H", sdzOtcH O N OtelslisT ZzZOoy
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1 fsMmilsr y ' tedzOteH O sOtda~d ClJLJWYUH] 6 d3d dz
Q2Yy'"r dzf t®OY BO2YO®&OHT' . [Mr J4C€° Y Odzte OteOMmr
BJ ke dzjz OEk"LhO HDMNHNtH' W Jjtoj Chjdz' ¢ dz
utsdz" d&3j dz YOIlsOte B 'tc hr DOtedBOdzr w Dtelsi todz'
CJLJWYH] Y Owotr ssdzr YIs' ter dzf { tslsr
toj CsdzmMlstcz S ydw dzOkzH" CliteH jdzj dgH ® toj H ' .
nh“disomj@i™" Lh O HDMisntce] Ispdz 9 OtedOlsd o

WOCIststs. (7 tehr dzd o34 Md Jtwlsje' h' hr DOted
HIldzd J IsOdzr d3" dzO, LORROdz dz@ W IsOdzOff IsOter dz©@ 1
Y"Br dg''fig ) OO0" dzOdz Witdz! CdzstcH™ W  E d3 teh j WH "
O/ dz' IsiflfdzH Oz H O D Is' dzdz' W Is" tcOY IsT ELJjG' dz O
L jtlslsjzh' dz" Yy OdzOteH T’ Modzr Misr O GlIs™ ter
||d3|srdkldr‘ fr]

CEtls' dzh ' T dzpjfgilsdejj 2 ' dz' w mMkei jCIsdoals
sSOWHOEZHOODT N jClsjkzd &' €. 1 Jjdzg' dz B'tt DH
(B MOdzr , Is4¢ yY"trd &3H" Y dgj BJMy & Is
dzpIsdy J m' dz' v B' toy OYIsr dz o' dzO D¢ jdziz® vidl

Jlsjc  dzjten W L fsmyO "azodgizls dii Qdgwlsls § fiz@ de’
sdf sdzse dw dz' Y, BdW s s Isd S-PEx B d ¢ Poiaizy Y 'H
CjhjdH" IslitcH] Y SSE@HOAEZz OMO GOWT L HT

IBte’ Isr.dzH T

Diste’ Is" ds® j dzfp? B OIsT todz" v Jtelsj ' dzj teH '™ w |
Wisdz Cdzstels Odzzr nh' dz OMO BOWT LH' D' Clltst
I"dz NHjte'M "Odzyvylsrw CEeEtCjdiH' € 2 d&O0E
HIlded 4 IsOdz" d3F dzr v B' tgls® dzH J 1 9gtsdzée ydw dzoOd
Jtolsj ' dzj HOPAO2r v dsdWIs® € mMdf OslsOODT BJ 2C
ElsGj dzj dzOyIsr IsOtcdrd XY O0DHO2 d&zOtcd3j dz, Ddzj zd
NT tedzOteH™ W Y Odzr fIsOfmMkr dzO dzj ¢' L B 5dzD O dz.

1 Olst tgodzr v Jjtlsj e B3j dz BOIs tedzr v {1 ftsfh O
Qtey r dzr B L ~Odz'' vy hroOted3Ohr dzr 0" dzr w ' h QF
snfm' dzj O0dzOdy L . I1"dz MOBOYIsOMIsr Y Isj ¢ Mme
Mtsdgr disj dz Y OlsOte 1 IsdC Odz v y"ter dzr o, CEto
s"tcOr M dzZOdz HO B O2Y OdzOH T . [telsj G " H] G Y
BIIHH jd& YttoORhr, jdz B ' tedz' ¢' dz2' w Mmd d3e tsdzr

dtsdz" d3j &z Y OlsOtce BOIs" tedz" v Jtlsj e’ dzj t6 d3d
Y OL ""taAs'Is " Y BoHJdedJ s fjdz SOtedmnd MOdAzOds"

Olsy OtcOH T . 1"z 3" tcOzOte Otey " dzf Qdzr YIs' v
¥bdaf SCEtECJABBH' € HNdzdj IsOdzr &3 ©2yr dz CEtc' dzj
D’ ORIy Odzn O, BOIST odzr v jtlsjc' dzj to

Otc Oy Ols " dzOAr OY Okzr L DHJBdJI" d& w [Is"IsOMmls
Y "B dzrofj . [ dz’ DH' MdzOdzOdz" v Is"tcD" HOdz Isj to
Wtsdz! CdzsteH" W IsitstedwWdzry dgje' L' dg BO2r Ist
dzgj €L Y OdzH'™ tcOH T .
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) O2 HOkOdr ZOOdz pHjBdjIslsjte

1 Kerimkulova RO., Ibrayev Sh. |. Typology of the poetics of myth and epic
// Bulletin of Political Sciencd. 2021.i = 311 . 156.5

2 1 "tco0Odgzd 90O0LOY Wd Cdzster dzn W ff ts41 Isd € C
ANtsdz € dzstels O dzlzd 2@BD. 1) j1de j dzji 5@.0 .

3 rOY"Hf .1 00" tcdzr' Yy Jjtlsjag' B3 dz + f sMisr v
DOLORd o jtemdlsjls' =~ OB Oth ™ MRO23TA Bdzis dzts/8. W M

4 4j2 IsBj8Bs9QOBrtc Bj2diM" dz' w KBIWEHB
"N dzls o' HY) B d J1IB2@.¢z22 11 . 11910

5 ckzj . DOLOY {itsmrdzi w st IsdEOmr Y
¢ zdzOIsr : DOLOY bkWFe4Qteimpdlsjls®™, 2021.

6 CBH' DOLd" ®0OLOY BOIs" tedzr v + fftsfyr dzH OO
H Il dzdij2025.1 -~ 111 . 169.5

7 90My Om@dMtsed OL OY Wtsdz! Cdzster : T lp faR@Ww M
Steppe & World, 2023.4 1 2 B.

8 u"ntm" dpso QL OY Wisdz Cdztster dzf W ff it Isd € (
¢ dzdzOlIsr N dzlslsr y OkzHQWO®EBO BB® tocsMr , 2022.

9 DO0Odkzdja Atd Cdstcdz" ¥ Y OdztcedzOteH ™ W 1 9 B
/'l cHjB(djIslsOdzld 20p®1dzj1l i azD H2R.zd | Is .
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1 v ¢ f 95.11.27

r.c. [dJOYyBOtErS
[ OcdMmstcOdzls, [ .1. L1EdB3ddzje Olsr dzH ©OYr ¢

[OYOkOHO® DOL Oy MisOdz 2,016k BydzddEHATE ' dzH OO d2
the' yOasEdE NHHjt Misjte" d2 W jtejChjdz CIsjte’ 3
Y OtcOMmisr.tor tzzl®Odz ¥ MisOIsdMmMIlsde O B tesfr dz@ W H
Hd 2 dzG-y sdREMOW MOIsT sy’ tgf dZH OBOM" dz" w ) tsB
~nOdzr YIsTw ¢MisOdZO, ¢ dzdizOIsr, z'" BC jdzls Y OdzOdz
Misdzlsl ls* € E vy todz] ®A ") to RO wydd'tcuin Y BtO@DdzA4s Ote '
OY JwBj¢ tjfmMktemMisOter dz OkZd3OYIsOtc B2 dzh C
IsOdzH OdzH r . " d3" MilsGz ' cdpOd@fedzts Ty @EO WO dz Y O dzH C
Y Bdz" s OdeHdzjic ZE W' tcOtcOdzr v jto' CIs CEPE BOD
yoQn2! mMdf OlslsOdz sSdzOtcH'™ W Isd’ d3H " dz' ¢
Bts2r dzh O EW' todz" € Isj Wwejte' d3H Y Od3ls O dz0 fy
Is" 3" ter d3H O dzD O dz.

st 2 dz fMMLEH'j teySteds,” E VW' todz' € sjwej o' s,
ted MetemMisOter , Jjto' Cls' yYytsd M OkHOttlkz, Y OdzH Of

wh ¢ -yoEdg i3 dzdzg € dIs " h ' dzH j 6' -lsjjulsscc OY g
EV' tcHO &z 02 dzZ0dzOMr dzH O 02 dzOdzOIs" dz " D' 3.
h Qyr tor d3dzOdz OMOIsT dz, Odz " Odzry IsT D" LHT™ DT
OHOMBH' Y"tO2Isr dz D0L OYMIsOdz Uh " dz - Odzr YlIsr
MsteOIsjedwdzr y d@dodeey dJ [ 1] . -p@®¥Or H€'dzv O
Odz Y BO2Y OdzzH O: B' to ) OOD' dz0Odg, d Mis O©dzO,
nOdzr Y MOdz" dz" w OO dzr f Efmkz " , d ¢ odgh ¥ C
EV' todzHip BircwOW dwdzr ¥ bpdzjzjls®" dzg w Cj sz .

1Jtelslsjizu''w ELjSI" " d2e" JC° Y0O2Ifjdz O2

Mp k' to' dzj Hj2 dz D0LOYMIsOdz =~ Odzy'T 20 547
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A DATADRIVEN MECHANISM OF GREEN MARKETINC
BASED ON SOCIAL MEDIA ENGAGEMENT: EVIDENCE
FROM SOCIAL MEDIA PLATFORM

Zhang Zhiping

DBA studentFarabi International Business SchookParabi Kazakh UniversityAlmaty

With the rapid development of digital technologies, social media platforms
have become essential infrastructures for modern marketing activities. At the same
time, increasing environmental awareness has encouraged firradofi green
marketing strategies. Although previous studies have explored green marketing and
social media engagement separately, limited research has investigated how green
marketing influences consumer behavior through social media interaction
mechanisms in a datiiven environment.

This study proposes an integrated framework linking green marketing, social
media engagement, and purchase decision. A structured questionnaire survey was
conducted, and 312 valid responses were collected. Structural equation modeling
(SEM) was employed to test the proposed hypotheses.

The empirical results indicate that green marketing significantly enhances
soci al medi a engagement (b = 0.62, p <
purchase decisions (b = 0.58, p < 0.0
partially mediates the relationship between green marketing and consumer behavior.

Keywords:Green MarketingSocial Media Engagemerntonsumer Behavior
SEM.

The rapid advancement of digital technologies has significantly transformed
the landscape of marketing. Social media platforms have evolved into dynamic
ecosystems where firms and consumers interact in real time, generating large
volumes of behavioral data. These platforms enable organizations to implement data
driven marketing strategies that enhance targeting accuracy and decaonmy
efficiency.

At the same time, environmental sustainability has become a critical issue
worldwide. Consumers are increasingly concerned about environmental impacts,
prompting firms to adopt green marketing strategies that emphasizeiezwhy
products and sustainable practices. Such strategies aim to improve corporate image
and influence consumer preferences.
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Despite the growing importance of both social media and sustainability,
existing research often treats green marketing and social media engagement as
separate topics. Few studies have examined how green marketing operates within
social media environments to influence consumer behavior through interaction
mechanisms.

Therefore, this study aims to explore the relationship between green marketing,
social media engagement, and consumer purchase decisions. Specifically, this
research investigates the mediating role of social media engagement in the
relationship between green marketing and consumer behavior.

By integrating environmental marketing with digital interaction perspectives,
this study provides a more comprehensive understanding of consumer behavior in
modern marketing environments.

Literature review.

Green marketing refers to strategies that promote environmentally friendly
products and practices. Previous studies have demonstrated that green marketing car
positively influence consumer attitudes, trust, and purchase intentions.

Social media engagemeinicludes user interactions such as likes, comments,
and shares. These interactions reflect consumer involvement and play an important
role in information dissemination.

Consumer purchase behavigrinfluenced by both individual preferences and
social interactions. In digital environments, social media platforms amplify social
influence.

Research gapAlthough previous research has examined green marketing and
social media engagement, most studies focus on these factors independently. There is
a lack of integrated frameworks that explain how green marketing influences
consumer behavior through social media engagement mechanisms.

Research model and hypotheses.

Conceptual model:

Social Media Consumer Purchaseg

Green Marketing Strateg

Engagement Decision

H1: Green marketing positively affects social media engagement
H2: Socialmedia engagement positively affects purchase decisions
H3: Green marketing positively affects purchase decisions

H4: Social media engagement mediates the relationship
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Methodology.

Data collection.

Data were collected through an onligeestionnaire survey. A total of 312
valid responses were obtained.

Measurement items.

All variables were measured using a fpeint Likert scale.

Green Marketing (GM)

GM1: | prefer environmentally friendly products

GM2: | trust green advertising claims

GM3: | support environmentally responsible companies

Social Media Engagement (SME)

SMEL1.: | like green marketing posts
SMEZ2: | comment on greemelated content
SMES3: | share environmental content

Purchase Decision (PD)

PD1: | am willing to buy green products

PD2: | prefer ecdriendly brands

PD3: | intend to purchase green products in the future

Data analysis.
Structural equation modeling (SEM) was applied. Reliability and validity were
tested before hypothesis testing.

Results.

Descriptive Statistics.

Table 1 presents the descriptive statistics of the main variables. The mean
values indicate that respondents generally show a positive attitude toward green
marketing and social media engagement.

Table 1. Descriptiv&tatistics

Variable Mean Std. Deviation
GM 3.92 0.71
SME 4.01 0.68
PD 3.87 0.74

Reliability Analysis.

The reliability of the constructs w
shown in Table 2, all values exceed the recommended threshold ahdicating
good internal consistency.
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Table 2. Reliability Analysis

Variable Cronbachés Al
GM 0.89
SME 0.91
PD 0.88

Validity analysis.

Convergent validity was evaluated using Average Variance Extracted (AVE)
and Composite Reliability (CR). Theesults in Table 3 show that all constructs meet
the recommended criteria (AVE > 0.5, CR > 0.7).

Table 3. Validity Analysis

Variable AVE CR
GM 0.67 0.90
SME 0.69 0.92
PD 0.65 0.89

Correlation analysis.
Table 4 presents the correlatiomatrix. All correlations are significant and
below the threshold of 0.85, indicating no multicollinearity issues.

Table 4. Correlation Matrix

GM SME PD
GM 1
SME 0.62 1
PD 0.55 0.58 1

Structural model results.
The structural model wassted using SEM. The results are presented in Table

5.
Table 5. Structural Model Results
Path Coefficient t-value p-value
GM Y SM 0.62 8.45 <0.001
SME Y P 0.58 7.92 <0.001
GM Y PD 0.34 5.67 <0.001

The results support all proposkypotheses. Green marketing has a significant
positive effect on social media engagement, and social media engagement
significantly influences purchase decisions. In addition, green marketing also has a
direct effect on purchase decisions.

Model Fit.
The model fit indices indicate a good fit to the data:
CFl =0.93
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TLI=0.91

RMSEA = 0.06

These values meet the recommended thresholds, confirming that the model is
acceptable.

Input Layer Processing Layer Output Layer

Green Marketing Engagement Purchase Decision

Discussion.

The findings of this study provide important insights ihtav green marketing
influences consumer behavior in social media environments. The results demonstrate
that green marketing significantly enhances social media engagement, which in turn
positively affects purchase decisions. This indicates that engagement plays a crucial
mediating role in translating marketing efforts into consumer actions.

One key implication is that consumers are no longer passive recipients of
marketing information. Instead, they actively participate in content dissemination
through interaction behaviors such as liking, commenting, and sharing. These
interactions increase the visibility and credibility of marketing messages, thereby
strengthening their impact on consumer decisi@king.

In addition, social influence plays a significant role in digital environments.
When users engage with green marketing content, their actions are visible to others,
creating social proof. This reduces uncertainty and enhances trust, which are essential
factors in purchase decisions.

Furthermore, the effectiveness of green marketing depends not only on
information delivery but also on emotional engagement. Consumers are more likely
to respond to content that aligns with their values and beliefs, particularly in relation
to environmental responsibility.

From a practical perspective, firms should design interactive and engaging
green marketing strategies. By leveraging social media platforms, companies can
enhance user engagement and improve marketing effectiveness.

Conclusion.

This study explores the relationship between green marketing, social media
engagement, and consumer purchase behavior. The results confirm that social media
engagement plays a mediating role in this relationship.

By integrating environmental marketing and digital interaction perspectives,
this research provides a more comprehensive understanding of consumer behavior in
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modern marketing environments. The findings suggest that firms should adept data
driven and interactive marketing strategies to enhance performance.

Despite its contributions, the study has limitations, including the use of cross
sectional data. Future research may explore longitudinal approaches and different
contexts.
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(GREEN LOYAIN'YEVERAGING-BRIVEN REWARD
PROGRAMS TO INCENTIVIZE SUSTAINABLE
CONSUMPTION PATTERNS

Wang Huizi
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This study investigates the integration of Artificial Intelligence (Al) into
loyalty frameworks to incentivize sustainable consumption in Kazakhstan. Utilizing a
mixedmethods design, the research demonstrates thadrivdn hyper
personalization is 2.4 times more effective than traditional discounts in driving repeat
Agreenod purchases. Findings reveal t h:
loyalty fatigue, the success of these programs hinges on Al explainability and digital
ethics. Ultimately, the paper provides a strategic roadmap for firms to bridge the gap
between consumer intent and sustainable action.

Keywords Green Loyalty, Artificial Intelligence, Sustainable Consumption,
Kazakhstan, Hypepersonalization, Gamification 4.0, Consumer Behavior

Under the era of industry 4.the global economy is processing a dual
transformation of digitalization and green development.In kazakhstan, this evolution
is particularly visible as the government aligns national growth with a sustainable
economic transformation. Howevethe highspeed digitalization led by the ubiquity
of digital platforms,they are empowered consumers with unprecedented choice, and
maki ng ARepeat purchaseodo Behavior harde

The significance of this research is that through integrating artificial
intelligence (ai) into loyalty frameworks, the enterprise can go beyond ordinary
di scounts doiwveachnii@oalcti onso

Despite the widespread application of artificial intelligence,its specific role in

AnGreen |l oyaltyo Has not yet been fully
intelligence asacosteducti on tool rather than a
behavior.

Literature Review

Based on the literature review,Researdtere conducted a comprehensive and
inndepth analysis of the AGreen Loyaltyo
pillars of modern retention strategy:
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The IntentiorBehavior Gap is the most important pillars ,Consumers often
express a desire for figreend products
or inconvenience (White et al., 2019).

Artificial intelligence is also particularly important as a behavioral guidance
tool, due to machine learning algorithms can not only predict consumer churn risk but
al so provi de A g r etma inceniivety tidoied ta mndividuale a |
sustainability profiles (Sharma & Paco, 2025).

Digital ecosystem stickiness also pl
mar kets | i ke Kazakhstan, pl atforms suc
dat ao i nf r as-brandgreeruloyaty pgrograms ii@hen arid Hong, 2023).

Research Methodology

This study employs a MixeMethods Design to ensure both theoretical depth
and practical applicability:

Quantitative Phase:We utilized Predictive Behavioral Modeling using a
sample dataset of 10,000 digital retail transactions. We simulated two scenarios: (A)
Traditional cashback and B)Alr i ven N Green Creditso wh
ecofriendly choicesThis analysis,as shown in Figureitlis the following chart:

Tablel. Quantitative Phase: Predictive Behavioral Modeling Comparison.

Dimension (A) Traditional Cashback (BYAI-Dri ven AGr ec¢

Core Mechanism Direct Cash Rebate Tokenized Rewards for Eéc
Friendly Choices

Technology Applicatior] Standard Transaction Processing| Predictive Behavior Modeling an
Al-Driven

Sample size 10,000 digital retail transactions | 10,000 digital retail transactions

Primary Objectives Customer Retention and Prif Guiding Sustainable Behavior al

Sensitivity Long-Term Engagement

According to this chart,thegompares two reward scenarios: (A) Traditional
Cashback and (B) Adiriven 'Green Credits'. Traditional cashback offers direct
monetary refunds, utilizing standard transaction processing to focus on customer
retention and price sensitivity.

Qualitative PhaseSemtstructured interviews with five senior managers from
Kazakhstani digital platforms were conducted to assess the feasibility of integrating
ESG metrics into existing loyalty algorithms.
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Table2. Qualitative Phase: ES{ategration Feasibility Assessment.

Category Details

Methodology Semi-structured Interviews

Participants Five (5) Senior Managers

Organization Type Kazakhstani Digital Platforms

Primary Objective Assess feasibility of ESG integration

Key Focus Area Existing Loyalty Algorithms

This table summarizes the key elements of samictured interviews
conducted with five senior executives.

Variables: The primary independent variable is the Réward Structure, and
the dependent variables aRepeat Purchase Rate (RPR) and Consumer Carbon
Footprint Reduction.

Results and Discussian

Our simulations and interviews yielded three primary findings that redefine
loyalty in the Industry 4.0 context:

The first is the Superiority of Hyper Personalization,From the datgoered
hyper personalization is 2.4 times mor ¢
t han f 1| at di scount s. Wh e n  Adihtereastd sucht asf i e
plastic reduction vs. carbon offsetting, the conversion rate for sustainable alternatives
increases significantly.

The second is Gamification 4.0 and Engagemdfdr Integrating
Gamification 4.0,such as retine feedback loops and community leader boards
within mobile apps, especi al loyWsesireganedf i c
a higher emoti onal connection to the
visualized through Abenerated dashboards.

The last is the Trustransparency Paradox,The success of Green Loyalty
hi nges on Transparency. For consumer s
Aexpl aohfabi hetyracking of their environ
retention rates drop by 30%. This highlights the need for Digital Ethics in
Ka z a k h sconaneréessecwr (Nguyen et al., 2025)

The following chart is a professional visualization concerning Ryper
personalization, Gamification 4.0, and trtist ans par ency ,-drited s C
conversion rate comparisons, user emotional engagement, and the impact of
transparency on retention rates.
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Figure 1. Core Insight Visual Analytics.

Conclusion

In summarywee an concludes that nGreen Loy
trend but a fundamental strategic tool for the Sustainable Economic Transformation
of Kazakhstan. By leveraging Al to provide personalized, transparent, and gamified
incentives, firms can bridge the gap between consumer intent and sustainable action.

On the hand of Managerial ImplicatioriSxecutives should shift investment

from generic reward poolstoAlr i ven A Choi ce ArchitectL
outcomes. This approach secures the Atr
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Driven by the rapid development of the digital economy and the construction of
modern supply chain systems, big daa&hnology has become the core engine
promoting the transformation and upgrading of the logistics industry. Taking data as
the key production factor, smart logistics realizes the automation, visualization,
intelligence and high efficiency of logistics operation through data collection,
analysis, mining and application, profoundly changing the operation mode and
industrial pattern of traditional logistics. From the perspective of big data application,
this paper expounds the connotation and characteristics of smart logistics, analyzes
the core application scenarios of big data in smart logistics, discusses the practical
difficulties in industrial development, systematically prospects the development trend
of smart logistics, and puts forward targeted optimization paths. It aims to provide
theoretical reference and practical guidance for the digital and intelligent
transformation of the logistics industry, and support the-hjigddity development of
the modern logistics system.

Keywords:Big Data Smart Logistics Supply Chain Digital Transformation
Development Prospect
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Core Connotation and Application Value of Big Data Empowering Smart
Logistics
Core Connotation of Smart Logistics

Smart | ogi stics refers to a modern |
technol ogi es I ncl udinng! bi ge ndcaet,a, | natretrir
bl ockchain. |t reamakesg)j ndepehbegéende:
optimizatipamcand tohtrollability of t |
perception, transmission, cal cul ation
core char actderriivsetni,c si natreel ldifagheant coop d raabdtoir
green efficiency.

| t replaces experience wiimakdaga 8&ad:
i ntelligent equi pment to replace manuae
breaks i nstitutional barriers t hrough
coll aboration, and reduces resource cc
achieve green devel opment. Di fferent
focuses on the overal l optimizati on 0
efficiency i mprovement of a single [|in
transformation in the |l ogistics i ndustr

Core Application Value of Big Data in Smart Logistics

Cost Reduction and Efficiency Improvement

Traditional | ogi sti cs S faced wi t |
resource allocation and cumber some ope
driving rate, sl ow inventory turnover
di mensi onal data such as historical or
and warehouse <capacity, big data buil
dynamic route optimizati on, accurate ¢
repl eni shment.

|l ndustry statistics show that smart
enterprise transipbbot anidom mpoostve war &b &
more than 30 %, effectively promoting
expansion to quality i mprovement.

54



~o h. ™. a "~ ~ a m'A_gZO‘26h

Full-Chain Visual Management
Combined with the I nterna«t mef cDhi rg4

tracking of cargo |l ocation, status- and
chain visual management system of | ogi
outbound, trunk transportation and terr
every I i nk can be monitored I n reall
abnormalities. |t completely solves th
tracking difficulty in traditional |l og
conditions in real time and respond qui

Predictive DecisiorMaking and Proactive Operation

Traditional | ogi stics mostly adopts
cope with demand fluctuations caused
promoti onal activities. By arealvy ziomgne m
dat a, big data realizes accurate demani
risk early warning, transforming | ogi s
prediction. -Dammergc emap roadg mod i on events,
predicts order vol ume I n advance, arr
transportation capacity to ensure eff]i
congestion.

Service Upgrading and User Experience Optimization

Big data accurately analyzes usersa?o
and -a¢fifmeci ency needs, providing perso
schedul ed dted o ovrer Wp,i cklopr and dedi cat ec
Meanwhi-t eandmudrent tracking, i ntelligeil
commi t ment greatly enhance wuser satisf:
enterprises build core competitiveness.

Core Application Scenarios of Big Data in Smart Logistics

Intelligent Warehousing

|l ntell igent warehousing iIs one of tt
big data. By integrating i nventory dat
realizes iIintelligent storage | ocation
il nventory regulation. Based on commodi t
big data algorithms automatically all o
picking efficiency. Combined wi t h den
calculates safety inventory to avoid
I nventory turnover Cooperated wi t h R
automation and digitalization of wareh
rat e.

Intelligent Transportation and Capacity Scheduling

Big data integrates traffic condit.i
delivery addresses to build an intell]
dynamic route optimization and intell icg
and urban distribution. The system can
ti me, select opti mal routes to shorten

55



Actual problems of modern scieng@026

Il ntegrating social transportation resolt
precise docking between cargo sources
vehicle empty driving rate and Il mpr ov

resources.
Demand Forecasting and Supply Chain Collaboration
Big data breaks dammebaer péasf amosng

di stributors and | ogi st i-scusp pd nyt ecrhpariins ecse
pl atfor m. By analyzing mar ket demand
characteristics, It accurately predict:c
| ogi sti cs l ayout, and alleviates the
i ntegrates commodity fl ow, | ogi sti cs,
coll aborative operation of upstream ar
over all supply chain efficiency.

Risk Control and Quality Traceability

|l n speci al fields such as <cold chai
hazardous <chemical Ioglstics, bnoqhi dtat a
retal me status data including temperatu
warnings once abnormalities occur to e
fudHhain dat a retention real i zes trace
responsibility, Il mproving | ogistics ri
| evel
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Shortage of Interdisciplinary Talents and Weak Transformation Motivation
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Improved Policies and Standards Accelerating Industrial Standardization
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Optimization Paths for Smart Logistics Development
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THE IMPACT OF GREEN MARKETING STRATEGIE
ON CONSUMER PURCHBEEISIONS ON SOCIAL MEDIA
PLATFORMS

Zhang Zhiping
DBA studentfarabi International Business Schodll-Farabi Kazakh National University
Almaty

Green marketing is increasingly prevalent in China's social cyberspace and has
emerged as a significant factor influencing consumers' purchase decisions. The
increasing adoption of environmental protection concepts, coupled with the
communication capabilities of social platforms, has markedly enhanced market
recognition of green products astrengthenedonsumers' purchase intentions. By
facilitating interaction and emotional resonance, ihlationshipbetween brands and
consumers is further narrowed, resulting miacrease in conversion rates. Data
suggestthat green marketing strategipty a pivotal role in shaping consumers'
mindsets, behaviors, and purchasing decisions, revealing substantial market potential
and establishing green marketing as a significant trend in future marketing research.

Keywords:green marketing strategy, social media, consumer purchase decision,
market influence, green products

Ecomarketing has gained widespread adoption in response to the public's
heightenedawareness of environmental protection. Social networking platforms have
emerged as a crucial component of green marketing, owing to their effective
dissemination and interactive capabilities, which influence consumers' purchasing
decisions. Through these social channels, brand awareness has been enhanced, an
the trend toward green consumption has been fostered. This study examines the
impact of green marketing on social media platforms on consumer behavior. It
employs questionnaires, data mining, and other methodologies to analyze the
academic foundations of green marketing, the effectiveness of social platforms, and
models of purchase decisiomaking, while also proposing improvement measures
and future research directions.

The concept andlevelopment of green marketing strategy

Definition and connotation of green marketing

The implementation of a green marketing strategy represents a strategic
blueprint that prioritizes environmental concerns and sustainable development. This
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includes the promotion of eddendly goods and services and the creation of
environmentally sustainable products that align with consumers' green lifestyle
preferences. As global environmental challenges become increasingly pronounced,
environmental marketing is progressively becoming integral to corporate strategy.
Green marketing encompasses not only the environmental design of products but also
the comprehensive integration of green principles throughout all stages of the product
life cycle. During production, packaging, and transportation, companies engage in
various ecdriendly branding initiatives to cultivate and sustain brand impressions
while enhancing consumers' sense of belonging. Numerous manufacturers are now
producing norpolluting, recyclable products to cater to the growing demographic of
environmentally conscious consumers.

Types of Green Marketing Strategies

Eco-marketing strategies involve a numberdainensions, the most typical of
which are summarized below:

(1) Product innovation and green design: Enterprises have embraced innovative
design concepts and developed environmentally friendly products that align with
principles of sustainability. They have employed biodegradable materials and
implemented energgaving and resouraeducing strategies to minimize their
reliance on natural resources, thereby enhancing the market competitiveness of their
offerings.

(2) Green Packaging and Green Communication: Green packaging technology
utilizes environmentally friendly and renewable resources to package products,
thereby reducing resource misuse. In contrast, green information promotion is
executed by enterprises through various channels, reflecting their brands'
commitment to sustainability. This approach encompasses advertisements and social
media, aiming to enhance public awareness of environmental protection concepts.

(3) Social Responsibility and Environmental Commitment: Contemporary
consumers place greater emphasis on corporate social responsibility, particularly
regarding energy conservation and emission reduction. In response, companies are
actively engaged in minimizing carbon emissions, protecting the ecological
environment, and promoting public welfare initiatives aimed at sustainable
development. These efforts are intended to cultivate an environmentally friendly
image in the minds of consumers, which, in turn, influences their purchasing
decisions.

Trends and challenges in green marketing

Environmental policy continues to evolve, enhancing consumer awareness of
environmental protection and increasing interest in the green product market.
Consequently, environmentally friendly products have garnered significant consumer
attention. However, environmental marketing still encounters several challenges.

(1) Diversity in consumers' perceptions of green consumption: Despite
increasing awareness of energy conservation and emission reduction, public
understanding of green products varies. Some consumers harbor doubts regarding the
actual effectiveness of environmentally friendly goods, perceiving them as
overvalued and less effective than traditional alternatives.
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(2) The depth of understanding regarding green marketing strategy indicates that
the effectiveness of green marketing activities is directly proportional to consumer
acceptance. Therefore, enterprises should accurately identify their target consumer
segments, develop green products that align with consumer needs, and disseminate
environmental protection information through formal channels.

(3) Challenges and Obstacles: The implementation of a green marketing strategy
necessitates enhanced financial support for product innovation and market expansion.
During the implementation phase, challenges may arise related to policy, technology,
and consumer habits. To successfully execute green marketing, enterprises must
navigate a series of obstacles and consider a comprehensive range of conditions to
develop a more precise and effective action plan.

Impact of social media platforms on green marketing

Characteristics and Role of Social Media

Social media platforms exhibit distinct interactivity, rapid dissemination, and
extensive social reach, establishing themselves as essential tools in contemporary
marketing. Unlike traditional media, cyberspace facilitates-way dialogue,
allowing consumers to serve not only as primary recipients of information but also as
active disseminators. By leveraging ugenerated content and positive wafd
mouth, social platforms rapidly propagate brand news, thereby influencing consumer
attitudes and behaviors. The swift transmission of online social communication
resembles a gust of wind, quickly reaching a vast audience and significantly
enhancing the penetration of green marketing. The popularity of ecological topics on
social platforms continues to rise, with discussions surrounding environmental
protection and sustainable consumption garnering considerable attention and
enthusiastic participation from netizens.

Advantages of combining green marketing and social media

Online social networking facilitates significant advancements in green
marketing from various perspectives. These tools foster a close interaction between
enterprises and customers, enabling direct dialogue and immediate responses to
consumer feedback, thereby enhancing brand loyalty and customer engagement.
Through the interactive communication afforded by social platforms, enterprises
effectively convey their environmental protection concepts and public welfare
initiatives, cultivating an ecbrand image. Social media serves amsviang to its low
cost and high efficiency, social media has become a preferred platform for enterprises
to promote green products. In contrast to traditicadhlertisements, social media
advertising incurs lower costs while achieving remarkable dissemination effects. The
interactivity of social media, combined with its community impact, significantly
elevates public awareness and concern for green products, particularly among young
consumers. For this demographic, green consumption increasingly serves as a critical
decisionmaking criterion.

Example Analysis of Green Marketing Strategies on Online Social Platforms

Case 1:The brand's green advertising campaign is actively engaging audiences
on China's social networks. This renowned beverage company has introduced a new
|l i ne of Agreen bottleso and is empl oyl

62



~o h. ™. a "~ ~ a m'A_gZO‘26h

such as microblogging and Jitter. The brand shares promotional videos centered on
environmental themes, emphasizing the recyclable nature of its product packaging
and its strong commitment to sustainability. By encouraging customers to share
stories related to environmental protection, the brand stimulates user participation in
activities and giveaways, therdgy fostering an ecdriendly brand image. This
strategy has significantly boosted product sales in the market and has been
particularly weltreceived by the younger generation.

Case 2: An Empirical Analysis of Social Media Users' Evaluations and
Interactions with Ecdriendly Brands: A Case Study of a Home Appliance Brand in
China. The brand wutilizes WeChat to pr
emphasizing the incorporation of enetgpving technology in its products to
safeguard environmental quality. Through the WeChat platform, the brand educates
consumers on the operation of green home appliances and shares environmental tips,
while also encouraging users to share their insights and experiences wiitieedky
products. Customers actively engage by posting comments, liking content, and
disseminating information, thereby creating a broad interactive circle for green
marketing. Consequently, the brand significantly enhances its credibility and green
brand perception through usgenerated content.

Case 3:Exploring the Effect of Social Media on the Promotion of Green
ConsumptionUsing Taobao as Empirical Evidence. Taobao actively shapes the trend
of green consumption by westablishing
Pioneersodo and promoting it vigorously
such as microblogging, WeChat, and Shake Voice, Taobao disseminates literature,
films, and webcasts that advocate for green consumption. As a result, consumers
increasingly focus on environmentally friendly products, leveraging the platform's
product recommendation strategy to facilitate their purchases. The proportion of
consumers engaging with the green consumption trend and purchasificeredly
products on the platform has consistently risen, accompanied by high rates of
repurchase and brand loyalty among buyers. This case illustrates that online social
networking plays a pivotal role in promoting green consumption and encourages
consumers to actively purchase sustainable products.

Social media has significantly accelerated the speed of green marketing
communication through enhanced interactive engagement and theofamalith
effect. This has led to a marked increase in consumer awareness of green brands anc
participation in green consumption, thereby expediting the expansion of
environmentally friendly practices. Enterprises can leverage social networks to
effectively promote ecdriendly products, successfully establish an environmentally
conscious brand identity, and foster a consumer mindset oriented toward
environmental protection and sustainable purchasing behavior.

Influence mechanism of green marketing strategy on consumers' purchasing
decisions

Consumer Attitude Formation towards Green Products

Consumers' attitudes toward environmental protection are closely linked to
green marketing. As environmental awareness grows, considerations related to the
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environment increasingly capture consumers' attention during their purchasing
decisions. Green marketing promotes brand claims related to sustainability, which
can significantly influence consumers' psychological positioning. It disseminates
environmental information and concepts of {oarbon living through social
networks, thereby enhancing public awareness of environmental protection. Within
online social circles, discussions about green products anebj@iserated content
effectively improve consumers' understanding of these products. This heightened
awareness directly impacts their purchasing intentions, leading to an increase in
public consciousness regarding green products. Consequently, consumers' desire to
purchase such items continues to rise, stimulating the market vitality of green
consumption.

Psychological Mechanisms of Consumer Purchase Decisions

Social networking platforms significantly influence individuals' cognitive and
emotional states, thereby heightening their inclination to shop. Green marketing
strategies can resonate with consumers and bolster their motivation to purchase
environmentally friendly products when these strategies leverage social networking
platforms to disseminate environmental narratives, brand commitments, and user
feedback. Behavioral finance posits that consumers' purchasing decisions are
influenced not only by rational considerations but also by emotional factors, which
play a crucial role. When green products align with consumers' values and emotional
needs, the desire to purchase increases markedly, resulting in a substantial rise in the
sales conversion rate of green products through the application of emotional
marketing tools on social networks.

Data analysis: trends and changes in consumer purchasing decisions

The analysis of the questionnaire results indicates a pronounced impact of green
marketing on consumer shopping decisions. The survey data suggest that social
platforms play a crucial role in promoting the green concept among customers,
influencing their purchasing behavior regarding environmentally friendly products.
This influence is evidenced by a strong desire to buy and actual purchasing actions.
These findings are summarized in the statistics presented in Table 1.

Table 1 Impact of social media green marketing and traditional marketing methods on
consumer purchase intent and conversion rates

Metric Purchase intention Social media green
through traditional marketing Purchase
marketing methods (%) intent (%)

Understand the sources & 35% 60%
information of green products
Purchase decisions influenced by 40% 70%
brand's environmentabmmitment
The actual conversion rate 25% 55%
purchasing green products
Attention to environmentg 45% 75%
protection information
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Social media green marketing markedly enhances consumer awareness and the
conversion rates of gregaroducts. In contrast to traditional promotional methods,
social platforms exert a more pronounced influence on purchasing decisions, thereby
demonstrating their considerable potential in fostering green consumption.

Assessment of theeffectiveness of social media green marketing and
consumer feedback

Methods for assessing the effectiveness of green marketing on social media
platforms

The assessment of green marketing effectiveness on social media platforms
relies primarily on the following influence indices: (1) Exposure: This refers to the
audience size reached and the frequency with which advertisements for brands and
green products are displayed across social media channels. (2) Engagement: This
index evaluates the frequency of interactions among Internet users within the social
space, including metrics such as likes, comments, sharing behavior, and participation
rates in activities. (3) Conversion Rate: This measures the ratio of exposure to green
marketing information that translates into purchase behavior. Additionally,
customers' emotional responses and shifts in mindset are critical factors, as they
reflect improvements in brand image and the adoption of environmental protection
concepts. Such data facilitates the analysis of the effectiveness of green marketing
communications and consumer attitudes toward brands, thereby providing insights
into the overall success of social media marketing initiatives.

Actual Responses to Consumer Behavior

Patterns of user interaction on social media can provide insights into consumer
behavior. Interactive actions such as engaging in green marketing, liking, sharing,
leaving comments, and participating in interactive zones significantly reflect
consumers' recognition and concern for-&endly products. The dissemination of
green marketing information primarily depends on wg@rerated content and social
interactions on these platforms. This knowledge circulates through user engagement,
thereby reinforcing the brand's environmental image. Effective communication
channels encompass celebrity endorsements, -gineemed challenges, and user
storytelling, which can rapidly expand the reach of green marketing messages.

Data analysis: conversion rates of social media marketing on consumer
decisions

The analysis of social media data demonstrates the positive impact of green
marketing on customers' purchasing decisions. This information is gathered by
tracking users' clicks, engagements, and subsequent shopping behaviors within the
social media landscape. Survey data indicate that social media marketing strategies
significantly enhance the purchase conversion rates among consumers, as detailed in
the following data list, which examines the internal dynamics of social media green
marketing strategies and consumer purchasing behavior, as illustrated in Table 2.
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Table 2 Comparison of the impact of traditional marketing and social media green
marketing on consumer purchase conversions

Traditional Social mediagreen
Metric marketing marketing conversion
conversion rate (%) rate (%)
The clickthrough rate of purchases aff 18% 40%
exposure
The intention to make a purchase decis 25% 60%
after participating in green activities
The purchase conversion rate after U 22% 55%
comments anéhteractions
The conversion rate of actual purchas 15% 45%
behavior

Social media green marketing significantly enhances the conversion rate of
consumer purchases. Interactive features and comment channels effectively influence
shopping decisions, facilitating the transformation of environmental awareness into
actual purchases. Additionally, these platforms contribute to the widespread
dissemination of the reputation of environmentally friendly products.

Optimization suggestions for green marketing strategies on social media
platforms.

Enhance the precision of green marketing message delivery

To enhance the effectiveness of -@garketing, it iscrucialto accurately identify
the target audience and develop a personalized marketing strateggkénstinto
accountcustomers' environmental awareness and consumption habits. For young
consumers, employing creative environmental challenges and providing practical
environmental tips can capture their attention. In contrast, for maiptd and
elderly individuals, utilizing popular science and engaging environmental narratives
can effectively raise awareness. Through data mining, companies can further refine
their advertising strategies, optimize advertising effectiveness, accurately identify
potential customers, create more appealing materials based on consumption data, anc
improve the conversion performance ratio of their advertising efforts.

Enhanced interaction and trust building with consumers

High interactivity serves as the cornerstone of social media, enabling brands to
cultivate customer trust. Enterprises can leverage environmental protection lectures,
green practices, and prize competitions to encourage consumer participation and
gather diverse opinions on green products. This interaction markedly enhances
positive customer evaluations of the brand, allowing it to better understand consumer
needs and refine its products and services. By fostering a resdmstm@engreen
concepts and consumers, the desire to purchase is amplified, transforming consumers
into loyal advocates and establishing a strong brapdtation

Future Development Trends and Innovative Directions

The emergence of new social media platforms necessitates that green marketing
strategies evolve accordingly. Short videos, live broadcasts, and other innovative
online channels offer creative opportunities for green marketing initiatives. The
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future trajectory of green marketing will depend on data innovation as a guiding
force. The comprehensive application of intelligent and big data tools will enable
brands to gain precise insights into consumer trends and enhance personalized
recommendations. The principle of environmental protection is expected to become
ingrained in public consciousness, and the ongoing implementation of green
marketing strategies will serve as a robust foundation for corporate advancement.
Consequently, enterprises must continually adjust their strategic frameworks to align
with consumer demands and market fluctuations.

Conclusion

The paper examines the influence of green marketing on social networks in
shaping consumers' purchasing decisions. Social platforms enhance brand awareness
foster consumemteraction and emotional engagement, and substantially boost the
conversion rates of green consumption. Green marketing leverages social media to
facilitate precise communication and effective dissemination. Given the constraints of
data collection, future research could explore the effectiveness ahadting
across diverse regions and multicultural contexts. It is recommended that businesses
develop tailored green marketing models, while governments should advocate for the
concept of green consumption to support the sustainable development of green
marketing.
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[OYOdzOHO 90L0OYMIsOdz t j MfkzBdzdS Ofr dzH O t
szkjwej2 dz Otlsls' czDO BOD' Isls OdzD Odz$ KA ‘Aoz
Yy OtcOMmis .o’ deOBdz' ¥ MisOIlsdfmlsd Ci@ 0 286% tc t§ f) 'dziz’Owe H
HjtejClsjte' dgje' L'  deHj Iskkz CEeEtemjlsS' ' dz w
NtoH' fyjdzjWisjte' O2Yr dzgHOZDOdz. r " d3F MO 0OdzO
SEdZ BBHjte YN2ifm", I"tedDr dz 12 B OD-RAEEIZO BZO
CI1OY" ' ©kBOMreé, c¢cmMCjted dqytsljcOe) HJ.
Hy 2" de@'  felged@ifjrtcddr' Y& MOW MO sy’ toh Gie OO’
Mdf OlsOdZzoOdz. uwtsde Bj dz Yy OlsOte Oy Oz Hj W
MOde dz w EMEz' ypodai OdOde W Iskzkz »OMmr dzr w
B2 dzh © EVW tedz ¢ IsOdzH Ok y OfOdzD Odz. 1 4t
SlsB OfMr dzOtGH Yy sdzH Ok kjls' Clsjtc' dz Nl
Is" 3" ter d3H O dzD O dz.

vt 2 dz fsMBWONG: d dzmisdls Izlsf, sk CEeEtemjls"
Odz® d3j dz BOWO, Ddzjlzdgj Isls" NDtHj BOY ", dft

sB Qff's0OOd3dz" w j W hOOD" dz pte" JW Is"itcOylIsr
j Cjlsls" W HJjBsSctOWdWwdzr ¥ bpHIG zgldss Q'Y A
rdzo©® Hj2' dz6 ' [lsBOM" dzr vy 3 D dzgj G J Oz
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'JE MEsOwW" BOO B jJC ' Is' dZlsguds [ 4] dz B SW]
dz' v IsOBdod EfM' &3 MOYyIlsOd&zoOdzr 3§ dz
Mz ndzj m' Ok, OdOdzr w Is"woDr h B Odz
Cibls" ¢ yYysdzHOEZ YynN2jiMmM dz YO2IsO B ODOAH
1 Jtelslsjizun''w ELjCIs" dZ ¢ jJd' &3 L 2025
' ] YdbkCidz YODODHO2dBjdz O2Y'" dzH Ok
HIldzedj e €JjdzH' , B"dz OdzH'™ WO T10%0 Qzdzj ©
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Ddzj 3 - BzsedWwdzr v Y"tORBHOM BEAd Clsjtc" dz
BOW' LHT dz@ OF dz OdzDO ISOtIsOHT .

[ OY OdzOdzr ¥ T 3Oy PR If)ls OdzH O D" slsB OfT d dzfmIs
sk CeEMilE N dz " dZlsOXzOdzH" cz DO B OD' ISlsOd
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ulscOlsjedwdr v ysMfOwdOk ybdzj toj ¥ stcdOdC
BY tsf)’ dgr M 028 18" e OtcH OD' o dz' Bj slsj to' ,
Ddzj bk OO &dzdMlstedz ¢ dg W jMmjflsjte' , ¢
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H4tSWOD' NdIs® ¥rdz "hdgHJ G szlz HJddOBd -
v C Efpl telgi1$1)i2 0(2110 1 " dzH Ote Ot Odzr O dzH O Is |
J EmM" §, 2021 yr odzr 446,5 d" v MmMpedd
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OHO&) [2].

szl @dzf r Sl WWdydjdels® 2025 3rdz€j100
BtSdzH ™ . O ZO2HO CBL WWduydjdzs EVW' tedzj t6
Jto vt MisOdz Bdeffr] dzH O (22,22) Yl
dzfn J , J VW IseE d3j dzG CeEtemMjIsC " hisjtc utsdzk
) tBdzf MlsOtr dzH © MOY IsOdzr §f slsr 6 [ 3] .
G WOCItstedzOtecH™ 11" IssfyO BEMA f Y Ots(
tscfedz dzw yd W, BOMYy OdzO® y " dzgr dzr v E Mz’ , N
z dz' BhISdEIZJ dz, [DSHzjABtRG 6 OW § W dir @ dzCldOA tdsHiY taw
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s"worh BOkO bbbk xO0f di WickE@&O@: 25 (209 61y
sz Iz Il dzj i -dz' v23A5 3y Ofp OtcOdzr O dgH OO D2 j dz
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BOM" BH" ¥ B J te2Qdz@az’CYIs'd3jWg OIisde j Y OdzHT tolz B
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CEteMmMjlsC " "nCj (drs) BO2AZzOdE Misr JjMmyfiRjdlls'
2026 " dH'wY 1 YOVWISOtr dzOdz BOMIsOf ¢rs 3
CeElsjto’ dzH " B"dz BOtcdz ¥ IsE dzj-0ifd j © dzH | C QI js¢
D¢ j dzit'] . 1 OdzO IsEz0DO ybpdzf SHlils' di3Cdeinls Pis gz
CJdz '

sd Mdj 1OEOAO ypdgj Ctils’ a3 dzaj OtedzOdzdOdz o3 dzdzj € §

VEdzj &3 Islltc' 1 0dzO € jL g [Edh Jt6' , K

1 OzO IskzkzDO B' t6Y11,2,3BOEZODO 164 350
1 OdzO IszzoO B' 614 Y Ddzj tSH Odz| 272475
1,5 40OfMyYO HJj2' dz(1l-BOkzODO 24 912
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1,5 YOMyYO HJ2 dz4+ BOEZODO 38 493
SEfBO®EOd tslsB Of|4B OO d 69 330
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IsE dzj o3
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EMBYs tDOdz" d3j dz, SdzOtGH' W tslsB OMT hror dz daz
Y Odzz H Or M Odz" , B'tc BOzODO OtcdzD2® Pz P2 dz;O:
IsE d3J dzG ° CNdzCete"mM HJjWeEe ]2 d W (50 851 1Isy

‘flsj 2" dz OdzO&OtE M d
stclsOh O IsEdzj d3 BE dzh j to° 2
tcj Mdsd IsOB" Mr NS00t D2jdzH jtc IIh' dz O2Is0tec

Hisdzr d&3j dz B ' 6] HOLOYMOdzHO ndz€ jdz IsOf
Nh*“dh' BOZODO OttdzOdzZODOdz B ' t6)Y Sd&ZD" Y DtGHJ O
McdizOd3j dzi B6LHFBO0 Isjwdj, dad" dz B OWOBRO Hj G j d
r dzls OdzOdzgH r tclzH " -fipzdefij'lstd j.Isj # ) MJ(R2 A jHjtOYydWf
spy " tedB j " dzH j CJte" " dgh j, rdzls OdzOdzH ' to Iz
BOMISOdzOH T .
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sutedr dz T2 Mmowifipgese tc OWpddgjdzr 2 r 2§ Odz

rofm ke OMmr dzOte 11" "TdziEQMiyOde@ iR g dzjOMPZO
hjh"® dgH J teG j s' €jdzj?2 ©DpDMmjte Jjljl' dz WOCIkt
B'tdej "J dzj G° LG BODHOBHTOBZO O0D MOt dzOdO® fig'O H
dftslsj €O edpHdz, Y 270%6 B OMIsOf yr ¥ OtedzOd3d dz >
d3J oL ' d3G § Bjtc' dzj H" ; s"tcDr dz N2H' W jJWU )t
dlsm Ok, 2z BEJ Slzls dzdedz’ Hzj wa ], DOt OD O#RO”  d3d
d3dzdz s waj, BICOpY O3dedw " KejdejagiH J[ 6] . ¢4 OY ' IsisT
oL YO®BIs" d&zDOdz lsB OM" dzOtcD O " dzH ' Y 2 % d3E
Bl d3E " dzH* ¢ dz B jtoj HY ', dzHO'dyB ¢ xd@s g elz’dlzr fj fodls j 2 H

[ 4 GJdzd3j 2 B ODH OtedzOBOdZOtGHT W Isd® dzgH ' dz' G
d &3 M. 1" tc-20R"5'eH jdxif,d3dds7 Y r &z MO2r dz sjL IsOk
sy mOdzgr dzh © 75, 5 hidzteH Isjwej MsdizOMr dzO 4
ndz YrdzHT Y dBHIBE. w58 Hjdz Is"tcOD' dz |l
rf wslilsr to: 2026 " dzH'"wY MmMpk' ' dZHj 0VOAzO
MOdznr , B"dz dzORZWO L S OR . daADdARQIST, 4@ dz ¢ M s (
21 dzh O OdzH O C jdzj Y OlsMmO, Okzr dzHr y Jjdzn'
tcOdz" f pdzin' L YOdzf r dZH O [ 8] . wtsdzH' Y IsOdz
tc hjlkCjte' EVW tdzjtcH] HJ BseteOWdwdz v b
[IsBOMr IsnuttO3Isr dz@ 4 Y pdzy OY" OMkz HJ OC
[lsBOM" MOw MOIsr dzr ¥ Isd' d&3H "' dz' ¢ Isj ¢ s |
s"tcOYIs' dzr Or d3gj dz E dzh j dzj H ' . 2025 Y dz DOL
45,7 d W y"ifv 0Q@F]" t©QdBIS fitch ‘IsdzMtc’ls ' dig) ¢ j ©HS'WIDT dzH
Odzls™ ' dzH OO - HtgjdOIsRd SO RBls * t6° dz6 j dz.
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uztc3ls 9 0L 0O3MlsOdzH OUT Is' ¢ jdzG jdz daj S j dzj B o3 dz
2025 y. [ 9] .

J]teOWdSIsjdz SEtC" dzgjIs" dzHn j 2, 2021 ' dzH Odz
Jd a3 1, 2025 yr dzf 115, 9 d&" WDO HJ
(40,7 & vw) -h®@dzEe gk tc 0 Ord@H2As O1 24% , -
F dzOteH ') t@8Hj% E BB to fjdtcly i ‘dw dz® @0 BN < |
|2dzj dgzv" W B 6" dgh " 3Yr dzf dgh O BBAEZOH"™ [ 9
74,4%H T Y"GO2HT B"dz EZteBOdzgH Odzz d3j dz H D Mis|
Dz tc§ 2l WS " "' tjls' dzghj Y OteOMmisr tor dzzr 3l
b2 BOYIST Y BE A& dz Mmlisj O)r tcOMmkz Cs1 WWdy
mMeodzlsnmls' ¢ Yypdzj telsOdzr y EVW' todzj toH j3,43h sOT -
DO Bdglzr M8, 41, g sdzlsn s € 193QL2EBY. M ls O fac * tfiF
sHteG MisOdz sBdZ Mr dgh © B"dz CL WW dydgj dzls dz
HDMisnhtedz yY"dzgH" dz@ YIsOte d3gjdz H' dzgd ddemisdlsizls|
Y Midsd@zdze 3" 3" MM LHMr YIsT W HO teEdz 82 dzO21Is’ dz' «
[ jAdBdzj SjIs IsOcOfr dzOdz tslsB OMT Y " dzH T dz' Y Is
c/[lkBOMmMr Cndz &€ (15 yrtwfn2j¢), 2014 xr dzH C
slsBOMr e "dzlslsry CwdeS kztefmr ybpdzj 1tojL dH] dak
slsB OffH gzt ctcOW dw dz" v MOWMOIs yEdZ dgH j G "
Y OdkzoOMEZHO [ 10]. 2026 ' dz Y OB "-Bi B dzRHO@Z
dzej Gjcjte dgGjdz p2jdzn' W jt&' CIs" , sjw y"yryls
Y ORY sthjztzy Isp teB FQ dz@detclz ®Isd®@H jIs' tojIs' dzHnj 02
islsB Oy W&y yyYIlsr vy mMOdzOdzr tjlslsjlz nh ' dz sOwr L

Ister Isr.dzH *

r tsoOte" HO C jdzls® t6' dzG j dz [s O dznHHOjz d3tDcta GovydfiryVisd
MOw MOIslsT v Y"tor dzf dBHT-YOY 5™ tc DY @ @'dA s Q PO dz'
dzblsdy j &z d&z' ¢ YEd dzgHj B ' tcYy OlsOte M" Oy IlsOt
CeteMmMiljH'. wvkk HjWwej2 d w 11 yrd 'h' dzH
Il dzj " Cdg Isulz ' 3 D dzj ¥ O slsB OMr dzOtcH '™ W Is " te T
Y deH"™ Y @dzj € j Isls® € "N OtcOdzOteH" ©HOdz Dtc’ H(

rliitee’' L' dzejdz L jtelslsjlz dzgjce' L dgHj € jdzjf
15t dzh ' Hj dg, BOdzO IskkzDO OttdzOdzDOdz B toy ts
Y Otc©O2 MOtOdzOlz Yy Oyl Ib: jifiki", dzhi't 2 sdg) dgQ ts@BEz®@'0
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Bjdzg' dzjih j&&h dzgh BOdZODO HjCEjdz BOIsjtcdOdzH T Y
JH' . ( ¢ dzgh ' H ] dg, YO tslsB OfMr d&ZOtcD O Ote dzO dzT
HOM Iskz " mi dgr tpOezr |, dzj €jJ I S jdzgjdz Mmplsis,
B' to' dgh' BOdZzO Iskr &zDOdz 4 ODHO2HO dftlsj ¢ Od
Bjtolk. nh' dzh ' HJ dg, Okzr dzHr v Y jtoedzjtcH ] ) D dz
Y SdzHS@lis Odzr YIsOter dz" W y jdz' ' dzg Cjwj2bkz d&oOwr
O} teOMkz d3j dz Y CAzRO L B @Y PBO Y SD0O0t’ . UE
OQtedzOZzD Odz lsBOM" Ed ' dgj HO2' dzH Ok Skt
By HMOWOY h ¥ zZOteH™ W " € tg' dgh j, Oy" cOfmzHu"
BBE®ZO Od&zOHT' .

[ BEcEOY dvd v YO §f'  Lu' Ci | @Gc® dds 2o
BO2 dzOdz" fMmisr "Dr d3H Ots. HtsdzH' YIsOdz tslsB Ofr d
BOD' klsOk0DOdz h OOd&OteH' Cnhj2isk kjS bdzj
HjWej2 dgHj ' MstcOLlg@dwdd®d ' .d3' dzH jIs B tsdz' ff

] O2HOWZOdzr ZzDOdz pHiBdJIslsj te

1 950LO0Y MMz dzd $ OM" dzr W cdzj 23 sIs® € S
MmMplkz® tcH &1 | - BDUYPRE:hitps://adilet.zan.kz/kaz/docs/K2300000224

22025 yr dzor sk CeEtMmilsC " " T 2006de& " vy f
0z0O kz td "URL: https://stat.gov.kz/news/202Hyl-y-tuu-k-rsetkishi/

31 4 BEcOWdW MsOIsdmisds OMmr J d&zZH J G ° D t
OV YIsO&zOHT [T/2026ZN& wkOlktz'. L .
42026 Y' dzf L J2dg] sOY T |, NYDWGHJ BOY ' Y D &

E L G J/dgfaimburo.kzi 2026.1 1 2 dzOkzte" L .

590trwej$ Ddzgj ~nOdzr YIst Ddzj Zd3j Isls' € Y
Hi BBOdz" I Y DpDdzy BOdZO CIllis’ 320884 O if @&fzdzH | to ISz &

6 «7-20-2 5 . cteB ' tc tslsB OM’ nHh'" d BOMYf OdzO C
dfslsj COdz’ YBBOBOcdzQ@B@DMQ'O.Y MIsOdzdz" W sStedz” Y IsT |
i URL: https://kfu.kz/

796dz J IsB @ OdzO® B ODH Ot dzOBOdzOte™ .URLE [ Is B (
https://hcsbk.kz/

8D00L Oy fds"Gaip' Gz 112 MOEHOMr yr i 2006.142 tc [/ |
BOAB" tc.

92025 yr" dz Jdz' &3 L HJ 1T 59,ds sy v mMiePS 4 |
BY s [/ / TRORK WSt alaDlzksz L .

100 0L OYinjs@tfilz B dzd € OfMmr dzH OO ' 2030 3" dzo©O
GJdzH Jtedz' € mMoOw mols sy r tgr d3H OdGZOM" Dt ]
4 dzlstsy mMOdzH OO ) 384 T r OwREzZr O .
https://adilet.zan.kz/kaz/docs/U1600000384
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|

. v=5CIsOteB O2
vdedo j emdlsjls so11o0 dREEhlsPzeO. | Otdts

dlsOls' w ff toj H fldPedyj jdisj dztize E tstaf Hfmdzj H ts9 Odzad
odzdvw dzgd® CjdgHjtedy 7 Mmjtejslsdiss &O {§Mmd-n
Yddeh ddz ¢ Mjdj2dets?2 Yy drded o s OLORMIsOdz] .
MeyjlsOdedj 8 EMlss2ydor 7 kteOHdydsdedz 7 Y d+
tetsmistsd3 Yd dzdetsfyls § 2 sBtcOL 5o Odzd W, ftosW j fr
dzd ydets Misdzts? Oo lstsdats dizd d .

Ajdz2  dmmdj MO EBOIsdL Oydwy Isj stejilsdyd i
HOdzdzr = & MewLd EjdeHjtedzr » EMlsOdesoatsS M B

tcjekzdvydj2, ftjHMIsOQodzi dzegdv d&zgd s MJ d3gd 2 dz" =
aLOc{d31SHJ$)fnlsadB O Z2OdzdL dzdlsj cOlskzter |, f tots
d tlilsj c1fr]lsz~)c1dz,dz,r"' dmistsyded € 59, f sCOL Odz,
Zfmddzde Ols tc O dzdz® © sted J dzlsOyd & ZzO BtOC,
f Md - sdzs @ c{u;fr]glz'f GBIlstso detsfyls+ .

l Ists 3Jj otjd@dY 1 0dzdlsOtedz” j EZMlsOdetse € d
o' Bstetsdy ff Otolsdzy t©, fMtsec dzOMtseo Odzed j d3 M d3j 2 dz

BieOyde & tjhjdd?2. HHjd&Od or osH & daj S5BQ
Clstso dasMmis! COC BhsctC ki sdyj dsdzr 2 W dats &3,
Ckd sktedr B, ddudshnsd 2 d Jdkhlsdlskzydsdod:
sdz¢ yd o' J§ ¢ desp ©dz" | i nidtS jsteessidryd ¢ OW ¢
B s QCfigj d3j 2 dzOW, B cksHEz | ¥ jsd@L OB fiy ldgty d 5 dzO dz! d
CjekdqawdlsOtedr | EMsOdtse S d

] J dzH j todz" j Mlsjtoj slsdfr Istc OH d Yy d s dzdzts
ntcOdzdIsj dz' dzgd ykz HtsdBOMNdzj et tsyOCc O, BOIs ! d
I sy tsdzOdzy dets?2 lsL ™ 9 ydoe tsfmisd, L OBBIsdzd o 5
cdMmisddedats? y jdgh ddz" € 9oCdz¥ yOjls HtsBtotsfj toH §
i d3d 2 dzts Bz mMyomls+ s (EIl'l emer s, 2018) .
ftcj HMMIsOo dzj dzd J s Istsds, Yylsts tj OdzdL Oydw >
LOBEzyJMsoets d twsyHjdedj HJjIj 2. J ftesyy M
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osmMftesdL o sSHW IsW YJ ted L md d3* © SBtOL 59 O
sHtsBWW j di3f | Wited3r ftseojHjdedw (Bandura, 1€
486 zOfMmdzes Barber d Axinn (1998), IstcOH
ftcj HdzOL dzOyJ dzd d My smMseMmMlso zt Is tSdZJJ tc O
sy dH Odzd 2 z Hjokhjt s MtcOo dzj dzd & fn
f Olstcd Otcrn Odz! dzgr B3 desteBORBI yJd dedetsmis! ¢ ydmls
fticsHBdz O ls odzdwWlilsy dgO BteOyds j toj h j dz
fsCOL" 908ls, ybts ftod HtsB]ddtctss Odzd d
oMmMskzf Osls o BKGGOE o BsSHBER otLiOMIs] . I
ModHjlsjdzz Msokzjls 5 fMdrtsdztcedyj Mits?2 cslstse
[ dzv s OLORMISOdZO HOdzdzOW f tetsB dzj BBO d dBJ 4
Mo tej d3gd dzdzOW fJ a3 2 dzOV Clzdz stcO® Wsttddtelz §
Mo jlsMSde  fsmkhmse jlsMSdr ftoj HMisOo dzj da
dBH" Cdzsoa ®© (2024) , GJjdzH j todz" j tc ts dzd )
9" teOy j dedz" |j f Olstced Oter Odz! dz' j ¢ stedzd dzj fr
LOCtejfdzjdedi Qo jdzMlsa ©® o MtseajlsMed?2 4 tec
sStcOHdydBdedzgr = BsSHjdzj 2 M- EB®gasElsls o ugg i ezd 2 .
Mo wL d GJj dzH j tedz' n Mlsjtcj slsdf tse M fMmdn tsd
Nddhddz € Mjdigi 2des?2 ydrLdzed o € OLORMIsOdzME scC

JIbsHT fdMCO. dzdilsj cOIslzter

IsOIs+ v  dzts @ dzO dsBla dsugjdtsC d 2 R Ot OCIsjte d
duydzr = 1 BT dtedyj M dn H Odzdz" =~ . 1 sdMm¢
us, Web of Science, APA Psycl nf o,
r n dsttdiOlIsdeodzr = d MlsOlsdmisdyy MS dna
L s Odzd ! fsdmCsor | L Of tetsfyr dz0
dedz" j M GjdeH jteds” di3d Mmisjtej slsdf O,
Mj dgg 2des?2 Y L dg ® .

J sBL St 9o¢ dzt yOdzd ! tej yj deL dqtolz j dzr j Ml
dzstedBOIsdodz" § HBSEAJ dzls' tcOMCtcr 908 h dj &
ZmisOdzse € d BtsdztsH j 3 d d sMmtse j dzdztsyls d ¢o
Cdzlsj SMIsO. 1 todstedlsj s IRHO@60O degfis'H Hfolz B dif iSO
s stej Isdud mMéd L dzOudd' = Cdzommdud MEdn dmist
d HzB dzdtclkze M dj mw BOIs j ted Odzr . ¢ dzOdzd L ts fi)
BB ssHtse MdMmlsj BOIsdL Oydd, MtcOodzj dzgdwvw d BTt

l]JdeH jtedz" | EMlsOdaso Cd © COL ORMlsOdzME tsd3
s H J tedzd.L Oyd J 2

ytsote] d3j dadzr | dMmimdzj Hise Odad W fsCOLT 9 0OFIs
BsdztH J Y d BtOdhW stcd3dtelzs Ismw . [ d&z2v dBEsdsH' A
MlsOdzso WiIsmw yj dzdetsisd tcOQo desf eO@o v, dzd ydatsf
d ftesWj mMhd sdOd dats? mModistecj OdzdL Oydd (1 O
HjokhjC djtejHSBS dzOBd&zE HOjIsMW OdzgH tets e d dzds’
I d3syd tsdzO dz! dglz © o ¢ dz¢ yJ dzdztsfyls m Mo Mis sV
OQolstsdesdzddd. 1 tod 1 Istsdz fsdzsydlsj dz! detsj tslis dzts
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sdes MlsOdzgsoa dlsmw  d3j dzj J dstcd3OIsdodzr d3 d Bt
COMMBOIstedo O Isffw COC L &zOyd® 2, dets o' BJts

Beri, 2013; s0BOSCB90O d Ht., 2023).
 Odzdzr | dL d3j dgj dzgdw Msftctso sy HOE Isfyqw ¢ [z dz
slsdzj yos Is Kagazbaeva d MsOo Istste’ (20°

L OC sdzsH Ols j dz' dzlz © BOL Iz, f Olsted Otcrn Odz! dz" j f
f sofmj Hdzj © dz@ § ftcOCIsd¢d. J tojLzdz sOIsj o
odzzlste j dzdzd &8 S tsdeW dzdSlstsdd Bj Y HE Y dH Odzd W dsi
Istc OH d Yy d s dzdzts 2 totsdz! & ) 4 dz’ d BBOIs j ted, 1
fMdotsdksedyj MSs?2 ctktsodtsmisd ¢ BteOCLE.

fOmMmMBseatsy otmMftedwisdy GcJjdzHjdzseG s 609 jC
HOdzdz" a3 31t [ J1 (2024), yOmls! dzOMmj dzj dedw o1
f sdztso , O dzj COC 0o dz j oL diIsy detsMmisd . 1
COLORrMIsOdzM S d = dmMmdzj Hise Odzd W = : ) sBh j M
Emsts2ydor j ftojHMlsOodzj dzgdv & ¢cByMEdre (d
Clsts ECOLTr 90jIs dzO dzj sBrtsHd BsMIs! tOBBIST
2O MsydCkzd skztedesdz Ztotso dzj .

RdzMisd sz yd sdzOdz' dz" | -clzjfrpdatsiotafdyts 2. j fdigid2ddissd ¢ d

1 0 destcdzsOIsdo desdz kZtetsodzgj © sOLORMIsOdzj |
tcOo J dzfise O d tcQo detstf tcOo d W mMzftckze o, sls
MlsteOlsjedyj MSdn HEBC 2 d3d dzls O+& J dzHig Jtasdizzdrd to bif s iz
(2009: 2011; 2016; 2024).

JHBEZOCt dOwzduydy dstdiOlsde ds?2 BOL dzd
WistedzOdz! dzes L OCtej f oz dedz’ d3 Qo dzsf cOoadJ d3 (
NjdMS 2 tsdd. | 1ldf bkhdsedw i &sdsH' j
stcj BSO Odzdw MtsydoOdz dets?2 MmtejHr, Mmj d3j 2 dzr |
d ftesWj MmhdsdzOdz! dzr j] yjdzd, ylsts Hj dzOjIs f i)
ydLded tojLlzdz sOIstsdz adzdw dedw Mmdzsy dzg" » Misydt
q{diquHJtGdeJ' Mty sldyfr d f§MmMdatdsecdujm
ydL

Cif dted yj MS d 4 H Odzdz" | ftsHIse j oy HOB Is e
fmMdrdzsed yj mMms 2 Gtslstso dztsfls* & ¢ BtcOC Iz.
MlsOtch j C dzOMMmdzd S so ktose jdz@ ctslstsodatsMmisd €
L dz2Odzedw s toj ftosHEZCIsJodesds L HBKse ! sctcO
My sOtls dHjOdzdL Oyde d fteOedEOIsdL d3. 1 4 H
oLtetsdzr 5 d fJteslsdotstejydoe' j Misjtej slsdyr
cslstso datsfls: € Mmjdg' j YOMmlsts BCOLT 00j kMW ¢

RMMdzy Hso OdzdWw MlskHj dzyd ME 52 BdZtcHJ Y d
C Otcls d dzlz . 1ts HOdzdze" &3 s OBOCtcoats?2 d MBOolsts
Ftcsodz?" tBKOLtSO Odzgdw BWOYde | EMlsOdese € d Ist
dZzO BtwKOSC Yt dztBod MatcOdzw jls MmeowyL ! M ¢t
1 ¢Odzd Is Otcdzr dzd 9L Gdzv HOM dzOB dzt H O8 Isfw B S
OHOYIsOydd d MedkzOMtse OdzdetsMmisd tesdzj 2, Is t
EmMlsOdzeso € ©7 yoOh j WdECMmMdekzs smw dHJj OdzdL Oydw
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s OC(d sBtcOL 53, Gilstso dzts s ¢ MmJ d3gd 2 dzts
dls ® BWOC dqdzd (dsydlsj d dsdkkz s
mMisd ydetsmls - sy dHOdzd 2 , mMf smise dzts M Is - ¢
Mise § dzgdzsmis! d Ed3zd dzdy Mtsec dzOMtse "™ 9 Ols!
dzts 2 md mlsj d3r . 1 51 Istsdkiz Istc OH d Yy d s dadz"
sOyde dzO0 BKOS, dzs dzaj oMijGeHO tsBJ MY J

CRsydsdzOdz! dzOw tojceckzdzv ydw €C0O0¢C C i3 sdzj dz

sdz¢ yjor 3 Oy jCissd, Wtedddielzj 3" d3 & J dzH J
st j dedetslsd 1+ ddsyd sdzOdz! dets?2 MW j tor . R fdzj
Exd © oHiMlsCtcotsdy oL tcOMmMIs] HJ di3sdzmisted to
ykzemlsedlsj dz detsfyls d ortwOLdIsj dz detsfyls’ |, Y J
(2021) or woddzd, yss k2 Hjetyj<¢ erhj wBh
Yyohj ftojtsBdzOHOs s fMdrtsdkslststedz” 2, 1 ¢ MY toj
I BsydtsdzOdz! detsfls d, IstsG H O ¢cOo¢ BOdz' ydesd
I BsydtsdzOdz! detsfisd . 486 zZOMmdes | Ols-m OB O 9 52
dmfsdz' Lz ls OHOYIsdo dziz® MistcOIlsj ¢ d & fjtoj s
b dzsh d MC dzsdedz f sHOo dzvIs! 1 dssydd.

[ OdzdzOV HdMftetsf stcydwy odzdwjls dO ctlstse
tcOLodlIlsr j dOo" €d {1 BdydtsdzOdz' dzgse s {f tsdzd dz0O da
HjokhCOd3 or MistcOdo Ols Bdzd L sfyls e dzOy d
H Odzts G . ldBjmMlsy M Isjd3 1 Istsls o" atsH Istej B Iz,
o' Oy § dzdzOW I d3syd sdzO dz! dzOW Coi3f J Isd dzls dzts fi
dmf sdz' L s9 Ols' v COC Otcckzdj dzs o HdzX Lk
tslso jIsfise j dzdetsmisd x4 dzM d dz LO MtshteOdzj dzd j
slsdetsh jdzdw rn | sy sdzOdz? dzOv OB BISO HBdzy dz
Mz tclze Odzd , O Mot 34 dzdzOW MsyqdOdzdL Oydw
CtcOBSIsdzsMis! dgj Istsdzr S5 £ HjokNMjC, dats d L

stsotcj dgj dzdz" | or Ltseor: ddzHdodHEZOZJL &3, ¢

1 s MydOdz dz' § IsjdeHjdeydd o dasfmvis
Wistedidtotso Odedf j] BOUYdes? cEtslstsodetsmisd. s OB OCt
Yyofmlsd dsdztcH iy d MateOdzv s Isfqw  ftedL dzOSCd Mk
dedL Sz My SMEzOdz! dzz¥ GcteOdislsdzsmis! d dzj o (
¥ dL dad . ) Ists Y J otcj dzv tOMh dtoj dzd J sB tc O
oL By desMisj 2 Mdedy O Is Btedj dzesOyds dzO0 tc0Odz
COyjMmsokz § Otelsdzj tcmlsoa ©. RrRMMdzj Hso Odadj Li (
ddznJodHEOddMisdui MCdR yj dzdasiisj?2 MY shss
My dgj 2der » ttsdzj 2 ( mMddzj deds tstedj dzlsOydd dacC

J s OL OR fMis Odzj O dzdz" J Isj dzH j dzyd d ftots

dz
A

T NG

YydoSkzdz Iskztedztsdy ¢ Isj SMisy . [ tdsHT j X J dgh
itk 0 dzd ydzlz

Mt

COte L dz' , sSlsC dzOH T & OW o f
Bisdz: M j 2 9 dzz Is tc j dzdzj 2
202

Btsdz

25

MsydoOodz: dets?2 EMmilsts2
J H Odzdz" J f sHIseo j te) H
miskz: ® 2024 GetsHEZ M
d 27,9 G6e6BHO E &y vy

d
4) . glsOlsdmisdyd MS< d
J d 1jtSLHdz,4d3Iz sL tcO
2

)
GBHO Ik J dzh d dz
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G jdzlsmlsa O {ts MlstcOlsjedyj M siskz f dzOdzd te 5 ¢
s OL Or s Odz, 2025) . Clsts ModHjlsjdzt Mlsakzjls
L &z20yd i3tsmis d shtsL dzOdzdzts yls d \ J dzdzts M ls dats 2 |
f Otclsdzj tMC dd3 tslsdatsh j ded v 3.

rdmszmmdw

el sMisOo dzj dzd jf cEPlsts QR Isso yYlsts ¢ j dzH j tod
sSCOLT90jls Hoaws2Mlse j dadetsy o dzdwdedd dzO d dzfmlsc
fsSHHjteYy do O ls yj dzdetsfls BtGOQG) d fmJj dzj 2 dzr .
atsfnt]’telsq’LE)ISHfr]lse)J Bsclzls Whttdddtotse Ols dzts tc d

tcj Odz' dzts 2 Ufr]c{”tsdzlsddqc;ﬁjgisﬂ Ltej dztsfls 8 . 1 5
OoMjGHO BlstcOYOjIs etslstso desMmis! ¢ MJj d3gj 2 dats?2

CeO0dzd IsOtedz | EmlsOdeso € d, ZzOf etslsd o, dzJ
dLdzjdzvsls Ctodlsjtedd ctslstso desMisd, T Hodgc O
sy dHOdzd 2, Hd Odzts G d MftcOo j Hdzd o 15§ tcOMmY
dmfimdzj H s Odad W fsHYyjteSCdo O Is d3dzts ¢ ts d3j to dzts
L OlstcOcdo O h dn ftcj HIMIsOo dzj dzd W ts Clif j Is
slso jIsfmise j dzdesmisd ( Hent schel et al ., 201F¢
fisjfjd dm ML EOdREZENISd d Mo dj Misd B
BtcOydzs j EmMisOdetso € d Mo w L Odg M tYdHOdd W d3
(Sonkaya & Ocal, 2024).

[ Mdetso dzes?2 ftesB jdz dzdlsj tcOlskzter L OC dzs YOy
Msyj Is Odzd v Istc OH d Yy d s dzdz’ n d {1 c0O0dzdlsOtcds -~
BsdztsH " A Yd dgh ddz o s OL O fmlsOdzj . s tots d3j
dimimdzj Hise Odad 2, fMowrLr 9 @8 h dn GJjdzH j todz j
tejekzdzvyd,j 2, Ctedlsjtedwdidd o" BstcO ff Otclsdzj tcO
Yysts LOikzHdzw jIs fsdzd B3Odzdy WOSCIkBGse L toj dzt

1 OC dz¥ g dzd J

ltcso jH jdzdz" 2 tsBLiStc ftsHIse JjteyHOJ IS, Yls ts
L dz2Oydd3" dz W O¢C Is tste ts d3, pdzdwe hdds dzO yJ dadztsmls
MsydOdzdL Oyde d BwOyYdz 4§ twJhjdedWw BSdzSH' A
sO¢ d dz20 MydsSlkzdz skztcdessdz kZtctso dzj .

9
9

Cc
Is

L

] Mot djdeder 7 bkMmdzsoadwn 1kd kMmlsOdtse S
Yyd dzdzsfylsw dzd, MowL Odzdz" d3d ) tBtOL 59 Odzd § 3,
q go bdzj eMC 2 dsHjd ¥ BKEOCO. GClsts HJ dzC
Ny d3dj 2des?2 L dad BdesetsS sl sdzj dalsdz d3 W j dats
oL tcOMisk ddzd 3 j zOded® ofmskfdlk: o BEOS.

steOHdydtdzde" | EMlsOdzseo $d dB@Eselkzls § SHH] t6
mMsL HOdz]d J md &3' d, SH d2OG ts dzd ofMmMJ e6HO
fMdrsdsedyujMSs?2 L) M . CcOddlkOEdy j
stsL dzOdzder i3 or Btstetsdz § Otclsdzj 6 O, Mse dzOMBs o
stcd j dzgsOydj2 dz20 COyj Mmoot wilsdetsh j dad 2 .

t d S dzHOydd Hdizw BEZHEMNJAR dMmfMdzj Hs9 Odad

[ dzv  fsfdzj Hizs hdr 1 Bfdtedyj MSdr ttOBSls |

stsc ts, ¢co¢ Myl IsOdzd 4 IsteOH d yd 5 dzdz" n qd
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mMkei j CIsdo dgts 2 Clstso dzts s & ¢ BtcOC Iz,
ftojHMisOodzy dedw B 5 wWOMYtejHJjdzjdzdd M B2
MzftczcO® o SCOLORMBBOdMEBsdR Ctsdsd SMisjy . AJ dz
BiyHEZ BsdsH B3 yJdh ddodksd dL tOL de n 6,
Ftcsodzj @3 ©BtcOL ts9 Odzeq Vv, My diBd 2dze" 3 G lssd3
Mtsotej d3gj dzdz" | fJtetsW j MMmdsdzOdz' dgr | ftcOCIsdCd.
f ts dzw Is l]’fr]c{ skscdujmSdj, Skd sktdr j d
My d3j 2des?2 Y dLdaed o EfMmdzsedwrn btoOdzmMW stediOYydcC

Cbdud mMEdj . omy jCist

dlsOls! W desfpdls BBLiSdz 2 =~ OtOCIs] to, dzj
HOdzdzr » k2 dzgHj2 d daf oCdzt yojls od3j " Olsy dz
ZyoOmlsdzd S Ods dMmMmdzj Hiso Odzd W . ) mMewrLd m 1 1Is
I kdyujMStsets CodBdlkjlsO HA&Y HOdds?2 ojtfid
dmfsdzr L so Odzde" § dMstsyded S d ftcdojHjdr o My
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18 t6ts dzOy d 5 dzO dz! dats 2 MmMisOIsdmisd € d b GJ dz
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[JHilB ] C B89 O, d. ¢. 1 2tcOH d dzts 9, q).a
sy4d dz€ d f mdn detsGo[u;fr]QtsGGPrBﬂzoﬁst]’tsdzlzfqﬂ®a
dMmmdzi His0 Oded J Bz ydde d x4 dz" d da 14 Mmls dzd
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{ GsMmMbkzH OteMmlise j dzdzr = GOtOdzlsd W A cOo dz" n
By uddze d x4 dz" ddg 1 OCsde { § MYz (22O9T. d s
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stedd dzZsdtelze Isfpw o fdWisdwrn ¢EjdgHjtodatsets
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J{f1vRrR 15.41. 21

” n = C S r ” 1 . ” S n r 1 v J ‘

.¢tels™ Ctso O
[ Oc¢ d mlis /@mgaisNarikbayewniversity, ¢ . ¢ fmls ©dzO

J MlsOls! j ftjHMlsOoadzj dz tsBL St Mtsotej dzj d
dzd ydets fyls dz' j st j dedetsisd ftotsB dzj dgdetse s d My
BsdztsH § 4 d . t OfmmdstsIstc j dzr Cdzs yjorgj ¢ Mmdnr tdzt
tedmMSCtsds twOLadlsdw OHHdSCIsdodetsets ftso jHJ dad
dzj 2tetsilsd L o, dzOtcydmmdL ds, Istcd o 5y detsfyls+ |
dzj cOsdodets? tsyjdeSd d MlsteOR Ekfkzh jdedats?2 o
fsLotdzvjls or Hjdzdls! tsfdats o dzr j Is j dzH j dzy d d
O tc@o dzj dzgd™w HOdz! dgj 2" dr dMMmdzj Hiseo Odzad2 ¢
M lswa.

sdzs Yyjor j tiifatdsBo d@)j: d3dzts j dimf sdz L s9 Odzd j
LOodMmd ditsMmis sls MsydoOdzr dz" = Mmjlsj 2, mMtsyd C
dzd ydesflsdz" j Mt j dedesmis d, dzj 2 tetsilsd L ds, dzO tc
FOMO, sdztsHj ' .

ssyd Odz dzr j milsd fiyls O dzd dzj slsi j Bdzj dists
Meyd Odz dets? OCIdodzsfilsd  MOBsftejL jdilsOyd
0" f sdzdgj dzgd v dJdaW stedzOydtsdedz" = d S tsdB3BBzdzd § O
Mtej HS2 Hdzw W Btetso Odzdw dHj dalsd ydaetsfls d,

I 3sydtsdzOdz! dg' 0¢Cyd? H dzw BsdzsH T A 9 1
o 8o dzj yJ dzdzts s 9 MsydOodz dz § Mmilsd dzj oM
My smsemisokzw tcOLodlsd® ftotse dzj Bzsats My
nOOCIsjtedL ¥ M ddsmw  Mmdzd 3 § @E&Isdf o dats fdds df s dz dal o
N JdzOded j B3 fteseo JteCd tBdatsodzj dzd?2 d ke j Hisd3dz
d SlstedyOIlsj dz' dz" @3 o dzdwdzdj s dzO ©OSC OH J d&3d y
fsofmjHdej odeglze MW jter yduded [1; 2].

1 0O HOdzdzr 2 oBLtOMIsdes?2 HfitedtsH HtodrtsHdIs
MsydOdz! des?2 dHJ dzelsd ydzsmisd, BkESCtej §dzj dedg 1 dsd
WiEdzH Odzj dzls ©  d3d ¥ dzd ydets s dzr - slsdztsh j dzd 2, !
ftesBdzy 3" . wtydqoOdz dz@ § Mdbsd fjHsMIsOs dzw ¥ |
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f sz yd dedvw Y B8HHJ Y S, SHd&ZOCts ttdd &Bselkls
dzj ¢ Olsd o dz' n I iBsyd?2, fJtedsOdz] dzlsdzsets MBsyd
Cslf § dzlmOydd dzj zHtsO dzj Iso sStcj dadz’ =~ f slstc] B C
9L OddBsHj2Mise dvw. 4 56 dzO M dzts Mtse to§ d3j dzdz" d3
dmf sdz' L s9 Odzd § Msyd Odz' dzr = Milsj 2 Mo w L OcC
Istcd o 5 dz" n d d i mmdoe dzr fnd B3 stsdts o,
IZHisadZJlsatstGsz Isc[ ydudg s [3; 4].
d3

H

s M

sdis:, Ukt ddsj dzmdoedzsy d

O dzd yd v : Btsdz! htsj Ctdzdyj Ml

Sfr]JGHO ZCOLTr 90l dzO
c{ WOCIktster COC fBlsjtk

h § dad W QOqun WkdS ydsddtetse Odzd v .

¢ dzO dzd L dzq’udzlsfr] r: ~nOcOCIsjtedmilsd ¢, CBls
C OHHSIsdodzsdsz Y ts9 j HJ ded & 9 wORE Or MBy
o O dz' n dZzOff tc ©o dzj dzd 2 H dzw dL z2ygj deq w . v O0Cd
1 CMistcOg ey | tomd W dzj 2 teslsdL ds, dzOtcyd mfr
dzj Osdodets? tsyjdeSd, fHtespdzj &3 1 BEsyd tsdzOdz
or egtsHf ear of mi ssing out/ FOMO o d mmdzy
o dzd 3Odzd 4 [ 5; 6 ; 7] . Clsddzd R~ OtOCIsjtedMmisd
dmf sdz! L s Odedw MsydoOdz dz@ = MmJjlsj 2, it mdnr tsdz
sO¢dJ COC: fsdm¢ mMsyd Odz' dztsa s SHESB tc]
dzj fedwisde 7 fjteindoOded, fdedyj ded™ dzOf§ 6
N ZOj iiseéts tsBOL O ddzd Stk j dz2hOydw daj H sl

K dz' s &ZOMmistswh j2 MO d wodw jlsfqw Isjts
dmmdzj HBo Odzd 2 dz2O Isj @z dzd ydetsmisdzr = M j &
mMesyd Odz! dz' - My lsg 2 z B dzsH j X (. [ MBB 5]
WOCIststeOd3 todmME O d ftcj HdSC sstcOd3 ¢ totsB dzj C
ftesmMistcOdzmise | , fteslsdostej yqwdz o Mmkh jmisel
O o dzj dzd 2 o H Odz! dzjtfRojjds Jddedzvy J dgisfdgts HY dedz O

[ JstsHBBdRZsedWw tBL tStcO® dzdlsjtcOlskzter

[ dzw sB L Stcdats 2 MisOIs! d B dz ftetso JjH
Mootej dzj dzdz" = d2OkZzydz' » dMssyded S s, M
mMsydOdzr dz@ = MJlsj?2 d Jets oLOddsmMoawL d
rdzv f sdmMe O dzdlsjtcOlslkzter Br dzd M sdz' L 5
fsdmésoer j MmMdmilsy d3" , sOo¢djy ¢0O¢ Google Sc
Mzse B'" dzd dMy sdz L 89 Odz" MAzjHEE M ] L Of tesf
c f tetsB dzj dzdzts j dmf sdz' L s Odzd j§ Meyd Odz! dz" »
smtse j dzdesmisd e, cLOadMmd dsts s sls Mtsyd Odz'
use», «social media addiction», «personality traits», «neuroticism», «narcissism»,
«fear of missing out», «youth», «young adults».

J sBL St o ¢ dz¢ yOdzd M tcj d2j0e2bdzlsazas i ' M IstOts
Sded ©GlttOy 08l Mbotej d3f dzdz™ § L B dJtedud M& dd
[ S sdzdzd Isj dz! dets B ' ozd gL zyd dg Btsdzj J tc O dac
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dMmlssydzed ¢ d Hdzv  sdzed 3Oded v dzd ydzsmilsdzr =~ W OC |
stedlsjtedwd3d oG dz® yjddv WodzWdzdfy! MdzjHEEN
ftesBdzyg d3dz" d3 dMf sdz' L so Odzed j B3 MsydOdzr dz" = M
Euydls dzd ydetsmisdz =, I By tsdzOdz! dzf = ddzd d3ts
BsdztsH T A oL RSEMdzd Is,18 f B dzd C Oydw ) dz0 z
OCOHjJ By MStsd3 dL HOdzd (. RMGC dz¥ yg dzd ® f SHO
v dg3ts? fpewird M Mydodz d" &3d MJj v B3,
dzj OC sz Odzr dzr J tc O dzdzd J dmissydzd ¢ d, O OS¢y
ftmMdrszcedyud MSd2 ddzd dzdydzsmilsdzr 2 Ctsdzlsy € Ml
] tcjLEkzdz SOIsy slsBtstc® © GBLEtste B' dzd 9o ¢

&ZOodetsdzj J Mtslse jlsMmlsekzs hdrn Isjd&] MsOIls: d d
Mo toj o34 dedz" n dmMmdzj H s Odzd 2 ftcsB dzj Bdzs G 5 ¢
o ¢Cdzt yovw dzdydetsmilsdzr | ftejHdCIstster |
s iBtejilsdyd M dyd f SHARtSHT C B dzj d3dzts dG3lz

q

)

fdls.d ?

1l totsB dzj d3dzts j dimf sdz L s Odzd j Msyd Odz' dz
fmMdrskzcedyd MSsd wWodzjdzdy dzOmBHdIMW o Mts
d midzj 1 HobdgdH?j dzud MSCdrm L O dMdisMisy 2, ydw
LHStlcsog 4+ W d 1 d@BsydtdzOdz dzts? tcj czdzv ydd. )
OttOCIsjt® ftsojHjddw wWodwjlsmw dzgfj MOd3 WO
JIsd 2, O ftslsjtew Cdzlstotsdzv, dZzOeow L yde 0w o
tc d dZJSiSLd315)1dZISfr]|Sd HsfMisEf © ¢ Mtsyd Odz! dgr
) dzd ydesmilsdzlzes , kyjsdzze dqdzd ftetsW j Mind sdzOC
]l ttORE Or BHMets dqL d&Odetdzi j TyBemdnts { &
ci al Media Addiction Scal e, f etsB dzj 03
dL d3 fsojHjdy MEis2 L OadMmddrsmisd. J tsfr
w syjdeSd ftotsedzj dgdetsets dMmftsdz L s9 Odzd Vv,
BOCOBR LOadMmMddsets ftso jHjdadW: fd dzH o ts
Hdo, L d&Ooyddtsmis: OCIksdedasfmisd, ddsHdW d¢
v d3 dad d3d dzd 4 , RBdzts G d § Qo lstste” f SHYJ
dqOdzt d = Mmjlsjle dzg tBZOHOjI o IsjCkh
sistswisj dz' desets tcOMMmistes2Miso © o HJOG dzts
Btsdzj j dzOkzydets Ctstotej Slsder d3 wWodzw j Isfypw s

I sstets? bjstejlduimMSd?2 §sHOBH teOfmfidol
ddzilstczdzj dzls 1 d3isydtsdzOdz! dets?2 tojcélzdzvydd. 1
sBtcOh O Ismw ¢ Meyd Odz! dz@ &3 Mmd swd3 daj Is ts ¢
ddW stedsOlsdodzr = yjdzwnr, dets d Hdzw fdaedy § ded W
sHddsyjMlse® ddzd Htekzedr dgjftcdwisder = j to,
dmmdzj Hise Odzd Dr ach et al ., Istez H dztsIs d
Hy idsdemistctelzs Is Zzdyod M fHttsedzj ddder &3 d MY s
o toj d3j dzdzts Emddde OW i s dfsty jfHs'j e ] 5 - O W -
ftosmistcOdzmiso j [ 9] . sO0Cdd3 tsBtOL A3, f solst
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d sdzOdz: dztsc ts zOf tew y J dzd W Bsy Jls L OC toj
Jtodz BBtOh jdzgdw ¢ Mydodz! dzr &3 MmJ Isw d3.
1l s d3ts o M jf jtej uddzj dedz" » YBSHRBHBS,
~nBH, tOMMdOIstcdeo O h d2 d3j mn Odad L d3F yYdWw tot
Bdtctso Odzdwv L OoadmMddiise s s jHjddW. g dMm
fsotsy i hdzjdedd E tsdz LsoaOIsjdzj 2 Wisitsdi
sBtcOdzdzsets Ctsdzlsj dz2ls©, B MECtsdej ydes?2 f tots
Ctse, fsHHjJtydoOwW Co®ifkzd Mdodzze fteso
HOdzdy MtsydOdz dese s BHBBtWjdedw [ 1] . 1
da&3* d otmMftedddBuder ¢ Llsdd3 &j ~OdedL d
Zhdo dese s Wistedzdtetso Odzdw MOBstsYj dz€ d
J2 [10].
ddzj HisS9 Ols j dz' dzts, f totsB dzj d3dats § dmtf sdz' L |
| dzj MesBteOL dzts tcOMMdBZOIsted 9 Ols COC T B SC L
ed3dtelzj smw MYdzjlsjdzdj d3 dzd ydetsmlsde” » it
BsydesdzOdz! dzf = Ytslstej BdetsMmisy 2 d -sgz@ 82y st dg.< C
J dydetsiylsdz” § ©Mtse j dzdzsMmisd, MowL Odede" § M
MsydOdz dz. =« Mdlsg 2

J OB O Mtsotej iBj dzdz" = dMMmdzj HB9 Odzd 2 C

O&K
n @
i~

CGEXOFRAG
=T hr ooV IT O g T
roe—

=2 FON@ Qg0 s = s
m'Q—

smtse j dedets s j 2, sftcjHjdws hda Mm¢ dzts dzdzts My Is !
mMsyd Odz’ dzr = g swnA W dzw j Isfpw sHddd dL d
1 ©dB dzj § tcOMYf tctsMistc ©Odzj dedzOW BsH j dz! )

dmf sdz’ L s Odad W 8 wdiOxielz dgr Gw - fiffjwislgj j2tc € © e o ¢
dzj 2tetsilsd L d3, slsCte" ssis sfrilsiz, 1 CMilstc C
HsBtotsy j dzOIs j dz' dztsfls . Il T MsCd? dzj 2tetslsd L d3
dzj Mis OB d dz' dztsfls* & | tcOLHtW©COY dIsj dz/ datsfls ©

fsdsydlsj d dzky St dvydy f §tss dj ddr d§
sEEHO $O0C sMsOahdjmw HdMysLdydd dqdjs s

tcj L zdz SOIsT sB dzOtclz ) J dz ) mMdmlsy 3OIsd yd Mm¢&
dzgj 2tetslsdL d3 Bf dz fsdzsy dlsjdz? dets fmoawiL Odz M
Facebook, Yls ts ECOL" 90] Is dz0© M ¢ dzts dzdzts i ks

PEEJM49®@d? Msyd odz d&' 3d MmJ W E dsdzsH
5].

Y jtelsO c¢cHtsBEtsMise j MisdatsMmis: &, Mo W L OdzdzOW
St Odzd L 50 Odzdets fls ' & B ' dzO uOh; slsted yolsj

dhf sdzr LtsoeOdzdj 35, d HOYJ or Msef OO COC L
scteOdzd ydo Ols! 1 CtcOdgdzts] otcj sy d or BdtcOls!
mMsyd Odz! dz" - Mmd sy 2 [ 7] . 1dL & Ow HiSBtloBMis:

d
Jfde Mo dzs? oo j S B2 koj & zd2, Mt
Nsfteslsdo dzj dzed¥ tlsodzj § O¢ h g d3 ©
) O OdijIste L ChlsicOo j fd
Oo dMmd distsmisd sls mMsyd o
CMistcOo jlsdtoso Odedz” 2 Isd {
j ZOdzed™ jhj BSdjj ©OM"MJt

ddzlstctso j tof
MmMJilsj 2 o7
By s Yo L d3j tedz
dis+ dad s nhdg mw
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COC ddzstetso jtelsdiotso Odadz’ | ftsdz Liso Olsj dzd Bs
COC ¢ BBdzjj BjLBEfOMEES?2  StEYstlkds? ¥
Bj HEMsOKLEO Ydo et ssh4wqw [ 4] .
sdzj HEs N3 o0y dr 8 WOSkSksd Wwodw,jlsfw
3]

slstcj B desmis! 8 o 9tsfr]:dh4dzc[d dzd 30dzed d d
ydodz' dz" j§ mdIsd i tc] BfnlsOadz S fsdz L 59
d, sMmisdyd ddv, MM

dzz yj dzdWw SHBBtWjdedW o SdHJ OCIsdo dzetsmisd,
Midzj Htse Odzed v d3, dZzOotcydmmdL &3 IsOC Y J§ mMeowL O
MsydOdz: dgf = Mjlsj 2 yg toj LI féquisocraissingotft FONQgdzts 2
Yybsts EZCOLT" 90 jls dzO ftsorh jdadetsj TMlstej dzdzj dzd .
f smis sW dzdzts B' Is 9 ¢ dz¥ yJ dzdz’ d3d ) ydqWwtcts o f
spdesodzjdzdw d tjOSydd Htkzeds d dLBJGOWw
sHddz dL sdets o dzf ©OW Wat€ dsdfoo @fa) s dzitlzt® C Iststots ©
' ddw o OB Or MtsydOodz de G offfgiLisditdy, dat
L dZ2Oydd3r = MmMtse ' Isd 2, ddeW stcd30ydd,
Clsstc® dBseclkzls B' Is! dzOdeHsd@] o ' thitsig &
sd fteddzOHdzj 3y desfisd € cwkzf{qj.
I sddddsts o h jif jtoj yd mMdzj dedzr = WOCIktstets o,
52 tyjdd OCY] L Odd dizOsIs 9 Oy dats,
sSets ftsojHJddwW. 14 SBlGr | Qo lstst
syjdesSd wodzw jlsfqw {ftsdzsydlsjdz’ dz"@ s ftoj HJC Ist
mMdlsy 2, sseHO COC¢C LiHs &tk P MOk ts d) j) Gz P
Il sdzr LsoaOljdzd M dedL Ct52 MOBstsyj dzf 52 dBsclz
fsHIse jteyxHjdzdw Moeatsj 2 yJ dedesfmisd, SH dzOC 5
L Qs dMd ks Mmisd I Bsyd sdzOdz! detsctisj O Mpdhs . sv digfiyd
Istcj o sy desfils! . RMMdzj Hiseo OdzedW, ftotse j HJ dadz |
f totsB dzj d3dzts j dmf sdz L s9 Odzd j mMesyd Odz! dz@ = M
or MeCts?2 btcjotsydesMmils: 8 d dzedL €82 MOBStSY das

]l mMtstslse jIsmMlsedd M wOBtslsts?2 Drach et al
ftedL dzOC d HdMtej czdzd tets o Odzadats ¢ s dmf sdz L 59
Mots2Mlse jdzdzg" HJjWdydlr 1 BsydsdzOdz! dets?2 toj Gk

(]

g s J H
fedzdS 50 Ol! VYskscwwOWd
RS

q

dzj BOdztso Oy dz' &8 W OCkstsd [ 9] . lticjB" o Odzg
M smMse Mo s Odzts ko j dzd yj dzd ¥ fsdztsy dlsj dz d
COMMBOsedo Ols! MsydOd & j Milkd ¢0O0¢ My
I B yd sdzOdz! detsets tsBdzj eyjdedv. ovjd3 dgj 3§ daj
d dzmistclz d&3j dzls s 0 Mtseo dzOH Odzd v , H O dzdzO W MistcOls
f Olslsjtcdz 59 jHJdedW.

rdmcemmdy d tjStdjdHoOoydd. Hdzv BEHENMJA

1 sdzlz y 4 dedz" | o s o toj dgw ftotso j Hj dzgdets @ s
ddzls j toff to Isq’trsl’s.s)G)lsJ f tctsB dzj d3dats § dmf sdz' L ¢
Bdes e s dZzOdzts 9 15§ weo dzj dzd § , Mo W L Odzdzts j- f
fMdrsdksecdyiMSdr WOSkstss. o GHds2 fMis

dzd y dzts fiyls dzr e j dzdzsMisd fod L 5o Olsj dzj 2

86



~o h. ™. a "~ ~ a m'A_gZO‘26h

~ + ~

dzj Mis OB d dz' detsfyls’ dzj Zlsts2 ydoe
fsHIso Jtey H]J ddwY d btekzH ddtsmisd M
tc d

Is | C fls
sdzls tots dzj o3
J
d

s

¢ (
LdOUd dedd bOSHJ ddBjdls MUJHd dud M& OW ydwt
C f dzOIs W tstc 3O d3, 9 (bt ? Odzd L 8 Isfypw 1
mMeoweL d ig] 1 Is d ds, f tctsB dzj d3dzts § o[fnt]’tsdzJLtSSOd
dL sdzd tc Sio ©EAiZsE 5 dzd Yydzes M ls dz' d3f] terj @ tef @ Uslds jtetOdHHig/ s
stsdz! ¢85 OdzetstedlsdBOBRBd MsydOodz dzf” Mmilsj 2,
Jqdzls j ctcOlsdo dgséts fsSHARBBHO, Eydlsr 9a0sh jeéts oL

]l Oy dzgr d©3 or oatsSHEtSAE Wodzw jIsmw tcOL ctcOdzd Y J ¢

ftotsB dzj d3dzts G s d fifpfsydf' OLds sdd 2 W M Isd 2 . 1 dz0 Yy
ftotso jJ HJ dzdzts § ) mMesyd Odz! dzr - md lsw A ) z
CsdBB3zdzd COIsdodzr » yjdwnr dzgg oMjceHO MadHj s,
nOcOCIsjte dMftsdz L s9 Odad W Wstedsdtolz j Ispw )
Emsts2 ydets Mmdzzy Ols M smsBtsd o]
fiteixdoOdd?2, CtBYjdmMoydd HJ
Mo sy dz€ d . RMMdzi Hso Odzdw IsO¢
N dLodad Md B3Y Is s 3" 5ls 34 dzf d
ftocsBdz) Bdese s dMmMf sdz L s Odedw™w [ 3
gkzh jMmlsolzs h Ow dzdls j tOlskztc O 1y
dz' h d dzfnls o 5 dL Colstster A Mo w L Odzg fn
ftsdzr L so Oded J €, cLOoadMmMd iitsMmlis! tsls mMtsyd !
fsdz L so Oded j €, ¢ f-defipth Halz/dzdas g O dzfidele todizj sl to
Ckrtedqlzt s k2 ®©GOLM ~ Oolststeso, Yylsts L Olstel
N4 ls ftcdosHdIs! ¢ tcOL dzd ydw dz o syd dzf J
| SHdzsL dzgOydzr d3d IsOS x4 sMisOs smw MmewrL d s
Jdgdzts 1 CMlstcOo jtemdd  lsCter ssMmisd frls
dzj j Istsgts, BdBdzdtsdijlstedyj MSd2 OdzOdzd L |
Btsdz! hddzmlse s dMMmdzj Hise Odzad 2 H Oftgids{ d tdrddr Gyl
Ctsdzd yd Milse j dzdz" d3q , ftosotsHWIsw ftoj dqdiskzh j Mis
setcOded ydo 08 Isfqw  tslsH j dz' dz" d3d Msyd Odz! dzr ozqd
Facebook [8].

J BzHEM R dmmdzj Hise Oded W - YyJ dzj MstsB to G
Cdz skztedzr | d &BjbssHsdstedydmMSdy ctwOddyr
sOC % J ftetso j Misd dzsdzedls® Hdz § dmfmdzj H 1S9 Odac
dzd Yy dets s dzr j n Ot OCIsjtedMmisdCd ftcjHdSCIststeOd
ydWtcseotsdz ftesMmistcOdemise j, ddzd 4 Hdzdlsj dz' dz
Sty H)dzd deder | Mt dadztsmls (. [ dzv Btsdzjj G
mMzj Hizj s  tctsColydylslelz el tgmfd MMmdzji H s Oded v , o G
MstceOdz A j dzlstc Odz! dzts 2 ¢ Ligts(y d Oezo dzH E dztiztf W30z
d3;dzlsGdzq’lsJISO d Mmj B 2dz" » Blsdetsh jdzd2 dzO =~
Milsy 2. ljtemyf J SIsdodzr d3 dz0f cOo dzj ded § d3 W o dzw
q
m
G

GG ATAIIT A

Jiwilsmlseolze h d=a Wistedzd tetso Odzd L Oo dMd i3z G
s dsmis d ¢ MOBs S & dzls to s dz¥ 1 Btsy d s dzO
OfstsIs des s d . [ S sdzdzad Isj dzt des BEzHEMJ] tOE

!5"‘:“5”‘—
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JYHE l;’dz(DISWBtsd3®d3c[, fsmMisd S COYHOW dL
dzH o dHZ Odz! dzr 2 O dzetdaldjlsddis  tc th of © dzd@'dzj dzth j Is
d Mid dzH ) § 67 (What sApp, Tel egram), ¢ s
dH ] W stcd3OIst (YouTube) dscekls dd3j s Is dz
O MOBssYyj Sk, Mydod dsj MtcOedzj dzdj d F

l etsBdzj dgdetsj] My sdz! L tso Odzed j i) & 5 d3 dzj &z’
dqatsdzsedyj MSd2 W j desd3j dz, odzj Skhd2 dzgj G«
dzC ydtsdzd tetso Odzd J . l tots9 j H j dadz" 2 Isj tstej Isc
Oud iBz¥  tots dz dzd ydetsfilsdz 7 tmse j dzdetsfls j 2
sBdzj BAzs Bz M sdz' L s9 Odad & SHdOCS dn

fn
b
dz
tc
soC by desmisd f; | BsydsdOd dF &d, tsydC
o

s Pt oSS

1 Od B tsdzj j cOMf esMistceOdzj dedz” d3d W OC tstcOd
i 2tslsdL o3, Istejotydtsfmis: , dOeydmmdyj S dj
Jd dz¢ d, dzdL SOV MOBsBsYyJ d2¢ O d IstelzH dztsflsc
Bjdedesmisd EfmMddzde Osls 3 j dzOdedw  sflstsw dz
MCO ®HBBtjddY dd -QfgEcOtz)Bddvy H tbzdz@
dlsdzr 8 WOCkswO®R] YO j o' Misky O Is
Stejekdvydw, | BsydsdOd &zOw fMisoOs dd dzfsf
e dasfmis: otmfteddsd BOIs! f jtejydo Odedw |
fd Mdodes] yYdWttsots) fsojHjdd,.
sO0Cdds SEEBY EBBPCISIC O Wteddesos OdzdY L Oo
2 Hsdzy &zO B ' Is! ZOff t Qo dzj dzO@ dzj s ts dz
jdad, dets d O wWOLoadkdj Stedksdyj MS et
d s dz0 dz' dzts 2 tjckdvydd d Ekmss2yde s
dzj 2" dn dffmdzj Hise Odzd 2 9 § dz¢ @] Is1 fes o fy jolztz
J
J
H

nFI-SF G
F=00FIe

S
q
h
a3
ts
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2 BiyHE ddydsshisde d3d M j dzdats s w d3d
bujls otL©OMsd o, Skd sktd' & d
Jdedw dBtsdztsH j 3 d.
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1. mjtc" CBOJ OO0
[OcdMmisiEOdshdz BjSHO6BEMEZH OUs 0L O2flsOdz ( jHO
Izdzo[s tc fig.df SIS ‘@lzls
PLtcdzOdzB J S 59
A-d3. 9. H. ,C. HmpmmmJcsgﬁ@smmhmqquumwmuﬁcmwa
z dzd o j te fizdf Isi3Clg ‘@hzls

I "dz dBBOY OdzOH O 02 dzO dzdz3 O dzr Y sL DOdzr fy s
BsH]Jd&z HjEZ Yypbdzg odLEOZJLOYydw bDH' Misjte’ dz
Y OtcOMmlisr tor dd@HL'" tc G B'dz' s Bj ok Y124 m" dzH
sykzhr d&zOteH"™ W Isjtstcdwdzr ¥ B ' dz' d3 dz Ispy "' tcdBj
Y"B'" dz M Otcdzj S ° Isil toH j sl " dzgH " oz dBFOWT L H!
sOB " dZOHT . [Mr 0OO0dz B O2 dzOdz Mlsr 02 dzO dzdz3© dzr
Colif ' 8 lsjtedz’ € BBHjdz Hjte, Odzgd BOYdWw dzOte, 9o cC
mMdBzdw ydvw &zOte Y sdzH OdgzHr W jtej €M jdz' Clsjtc’
odLEOdEZJL Oydw Isj mndetsdzse W dzOter dz" W sykzhr dz

OQtelsls™ tclzD O, WdLdSsOodz Yy "D d3H OtcH ' Isj toj ¥
LJtGISISJIzh‘dz ¢ HOODH' dzOtc" dz HOMB sDO Y O
SY"lsk ftosyjMm dHj LOBOdOEd vydW¥td y Isjnq
Y OYIsOter d3j dz SdzOteH' W B dz' d@g MO OMr dz Otclsk
dzb Isd ¥ j dzj te BsHjd HjE Bjdz odLEZOddJL Oyd
MOB OO dzr w YroLrokhr dzr or dz Otelslsr tor sy kh
Cuhjilsjls’ d' dz2 CetemjlilsiH" .

vt 2" dz RAAOfAZOdz YtSLOOd f, L jtlsn OdzOdz
1er]l]’4tsq’d34dzls O" dzr i3d H Il dzd j IsOdz o3, B4 2" dzH
Isd' dgH " dz' ¢

DOL BtbdlZ' d@3 Bjtek YU2jMm" dH] X OtOIsr dz@ s Oc
sY'lsEHO tYykhr &ZzOtH™ W O dzr ozd HIl dzd j Is Odgr
Sd&zOtcH™ W fpopdzcj HJGjdz yYyrLrokhrdzor dz Otsls
B tsdzf sOB " dZOH T . AdLdS OHODT L 101 HizDdZd30 dz'C
YSLOOdzr i Isjtstedwmr . I"dz IsOyrtrfg tykhrd
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" ste Bz ZOZOKDO® ypdaj SJjw Ml Cl' ¢ 2 kOEDO
s dev' ek bpH' Misj' Oy’ d Iksd ¥ d&jwe]t
HsdzH YIsOdz YOL' ¢’ kOWHO syrbkk fesyjn
H' Mg SdH @Az W BOWr L7 Otelst § Cjdzj H' .
[BHjd HjkE DH' M WdLdCOd ¥ VY"B' & Mls Ot

Isnfm" dzH ' telzc J a3l d3¢ " dzH € BJtjH" . dbdz odL
stcOj CIststedwmr dzg, SuhlIlsjteH'" w pMjtc' dz Yy pdzaj W
Jdzimlsjlkz dj CeEdBj SIsiMmMjH" . stBf! silsjtedz ¢
LJlsn OdzOdzOte ¥ pDdzgj dJdzlsj tcOCIsdols’ B ODH Ote dzC
B' dz' d3H' spy " tcdBj d&3i dz "N IsOMmlsr ter {f , WdL d¢
Isifm" dzj H" .

1 11G" dzG* SOUWHO B' dz &3 Bjtk MOdzOM" dzH O
sY"IskE MO OMr dz Otelsls’ ceH W HBOW" L HT BOOD' Is
WdLdS¢ O fYpdzg dgHj SCltHjdz' yYy"BTf dz@ MlsOtHT od
IsOdz" d3H " Y BJd dzmjdzH ' dz' 6" dz Otelslsr ter ts dzO
HOd sZDO ryfoOdz JjlsjH'. ¢ 2 dzO dzdz3 O dzr Y sLDO
BsH jdz H] Iz Bidz odLEZOZJL Oydw DH' Mis] to' d
YOdeZH>lezw'd112HJIs'lj YOO Y 82 302, sdzOteHT™ W
YOdz f SORI®O" @ ©z® " dzgv° € B JjtoJ H ' .

[ Mmr d3G)YG)dZOHG) Q2 dz20Odzd&zOdzr Y tSLODOdZ M Isj st
odLEZOdzdL Oydw H' Misjtc' dz YsdzH OdzzHT W ff jJ HC
sdzOtH" W Yk Ij’tglsucifr]'dz,HJG‘ tcE dz' &34 dz B '
ISOdzH OdzOH T .

1 Jtlslsjlz pH' Misjte' .

1Jtlslsjlz BOtr Mr dzh © ©O2 dzO dzdz30 dz' YtSL ODOdz f
3 D dzj odLEzO&ZdL Oydw DH' Misj tc' dz Y tsdzH O dzlz
Y OtcOMmisr. toer Wgptelslsjz M jwejtc' dzH § OlsOdzoOdz D |
BOIsjtedOdzr dz dQzj wejtolz HjwWwej2 dzgj, Isiif' dzz 1y
DMjlstddzn Oz " . 1 bplsdy M dzgH ] dBBSHjdzt HJ EZ X D dzj
Is1l toH j YBdZHGdZIZ syYyrilsz nujt'"m" d v doolsdy J dz'

02 ZOdZ&BOd YL DO iy Ml s dvOf s "1s0 h IsT y

B"tcr hilsry 1HH]JIlz, Yyj dzlsteej IsOlsyrh 1HHjk XD
WdLdeOdzr Y hOBOZOtGHT Y O®BIsSdIsT dzH ' Y Is Odg, s 2
NdIs& dz €M oL Jd €4 dz HdMMJ elsOydwdzr v L J telsl
BO2 d&zOdz" fMlsr syrilsk HHJjt" M' dzH j d3tsH j dz' H j &
dzj ¢ L HJjdzH " .

1 Jtelslsj kz BOtr fjr dzH O 02 dzO d&zd30 dz* Yy tsL DO
B ' todzj hjJ st Y BdzH Odz" dzH T WdLdeOoOdzr' vy BtsH
CtcOW e Odzr v dsHjdzr HiJE ypdaj ydWtedzr v odL k¢
Y sSdzH Odzr dzBf 8 dz Istsdzr YIsT toH T 3 D dzj syrisk
Otclslsr oH " .

AdLdSCOdz ¥y BsHjdzt Hj Iz CdLJwVw' dzHj Y Otc O
f O2HOdZzZOdzr dzH T . [YEhT dzOte ¥ 4 <CJ B ©O2 dzO dzD (
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02 dzO d&zdz30O dz’ YtSLODOdWz Mmisr BOY ' &zOY , tcOH d Iz
HjtejCIsjtec dzaj ' L' dgHj] YBLODOdMz fMisrw dzje' LG
BOtr M"dzH O Y lltee' L dzejdz Ispy tedBj dzjte dzDls
B' dz' d3H ' spy " tedBJ d3i dz B O2 ZOdzr Mis™ t©O® OA&ZOIsT
Isjted W Islim' djIs®" d2@ BO2YOdzH " .

[ Ol BOIsSdS Oz ¥ dBBHjdz HjkZ BOtr M dZHO O
LOUH' dz" YIsOter WStz zOdzOte Oty dzf mMdy§f OO
MOdzH"™ ¥ Mdy OBIsOdROdzOter dz Odg' YIsOEZDO 3l d3¢ * dzr

1-CjLi6. lttsBdz BBOdzr 2 Y O4HO2 2Sutek

1" adz CJLJWYH] sybkzhr d&zOtcD O 02 dzO dzdzO dz'
ftcsBdzy BBOdz’ ¥ M" tcOYIsOte "M dz" dzu " .

[T mMOd : dzj 6 hjwBjtc BGBYT™ dgH@d3H 5D D O @z ¢
IsS" tcOH " ?

I"dz CJjLjVudd wy k3O yvdBdsr W Yy r L r okzhr dzf 01 dz
sOY" " f YO BODM IslsO

2C 1L 6. uvistedwdzr.e dzce' LH" Istfm" dzH' Gk

Imdz CjLjJVUH] O2d0d&zd3Odzr YtsLODOdz Mmisr w dzj
B"t! Nlsr Yy 3Yyr dzHOdHT Yy, Mrorylsry ' dzH Od3H
146 LG Wtz zOdzOte Y OtcOMiIsr ter dzH T :

_2p . _ Vv

W——V =R aq = 1)
1"z Wstedise zOdzOte Y tsL DOdzr Misr w d3OIs ] BBOIsd €
3CJLjb6. [Ol] BOISdEOdzZ 2 dBsHJ dz' HJ E
[ykhr dzOte W stedB3z zOdzOtcH"™ Y tsdzH OdzO BiIsT tor
AdLdSCOdzr' Y h OO Dk jQusO g’ BHs@ T Odz' Y Is O dzH
[T MOz tejls' dgHy Cjdzim® JMJy§f yOtOMmIsr ter dz

- I — . 2
R=050¥ 2 w=m, v=157TM/c, a,~4.93M/c
1" dz QJLJ\:’JHJ sykzhr dzOte W stcd3sz dzOdzOtcH "™ E L
2 te] dzH °

4CJjLJ6. AdLdCO®Zz 2 dBsHJjdz HY Ez

I"dz CjLjWH] Ispy ' tedBjdzt € yr"d3r MlsOt NIl te

[YEh" &zOtcB Q2 2@ dzD Odz H j dzj dz’ O2d&OdH T 6 {f
E dzh | ittt ' L H '

,‘-‘Ql
btejbdldSOd 8 BSHjd HijkE CjLjb
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sDY " tedBj dzblsdyjifm' dghjy tykhr dzOte Isj sted
OtcyY " dzr Isiify" dgH " .

5 jLj6. J©O¥dC.od 8 &sHjd HjL
Iz SjLjUH] Oc@Y & Isjie] U jteCEtm| s’
AdLJSOd Y h OO0t OO’ dzH OD' Isplkzj dzo '

@-t graph in uc.m

(w=1tan@)>0 (w=1anf)<0

b E2EEOY dCOd 8 BeHjd HijE CjLjb

Indz CjLjW BYRh'T ZOLH' W lsOd&HOk YOB' dzj Is
6CjiLj6. AdqWtdr.8 sdLEOd]L OydW

ssdRf vlsjod § Y dszOaeydin dzO i
DSELOAUEHEPBIC Of' , ojCkstedzOt BODM ST odL

dktcj.BdBtcdzr 2 odL EkOdZJL Oydw CjL j o6’

I"dz CjLJjWH| sykzhr dzOte Y SLODOdMzr Mlsr H
Y OB'" dzH OH T

7CJLJ6. 1pbldyJ dzj teH "’ IsOdzH Oz
[YEhr dzOtc doodis o jOddg toH ' MOdzr MiIsr ter f, Y Bte!
vDY tdBy BJdz SiBdVWd W MD2CiMIs' ¢" Isj
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8CjLj6. 9Bt ils' dzhr Ypdzj BOYUOKOL

HBWODr CJjLjWH] Ykh"r &zOtc OY" o' f BB2'"
BODOMdzOdzH " .

1] O0D0dzOkz BOt" M dzH O Isj sted W dzr Y s ' dzlz
YOB' dzj B j o dzn " .

[SHjdZ HjEZ DH Mijt' d& W Isd' d3dH ' dz' ¢

sjMlsfsajd Hjk ypdsj odLEZOdEIL @Qudw pH' flsj e’ dz

cH M (ted €N ] d 1 DIsdyd
AdLdS Odz Ispy " tod zOy Isr Isufi
[ Olsj &30OIsd ¢ dmid HODHT
| eOW d¢ od Is OdzH O Iz L OWHT dzr y
AdWtcdz y CeEtodzd € Y"LTokM oz

r dqmmj elsOydw dz' y LJtelsls] z BOtr Mr dzH © O3
RBsHJ dz2 HjEZ X Ddz odLEOddJL Oydw DH' ' Milsj tc’ dz
s’ &gH " dz' € CEetefmjIsC j dz Odz" YIsOdzH T . 1 "dz Ist
IsjteJ WHjIs" § W dLUsfEOGk"W Y "B' dzf MIsOtHT n O dzO
Bl dBE " dH' € BJjtej H" .

{Mr azO2 " O, hBisHjdz Hjl Bildg LojdeL’ gyddy L O dalyt
02 dzO dzdz O dz' YBLOOdZ' M Isjstdvmr dz BY'" skzH'™ W
IsOB " dzOIs" dz HDdzj dzH J dzH * .

¢ 2 dzO dzdzO dz' YsLooOdkzr i ©kjstdwmr C dzOMmMmd ¢
BEWM d3H J 6" dz' W B g Btsdzl { sOB " dZOHT 3 D
Y Odztf ¥ dzO dzD O dz Is 1t tcjIs' dzH § Y OtcOfMmlisr tor dz
Odzr YIsOdzDOdzH O2 , 02 dzO dzdz3 O dzr Y SL DOz flsr t
B"ter hisr y 3 D dzj fmMrLrylsry h OO zOtGH ™ W E L
Iskzr dzH ©O2 H T | I Mr oOdz BO2 &zOdzr fMlsT Isj stedw dzr y
Jtg¢hj &BOWrLoO dj.

¢ 2 dzO dzdzO dz’ YyB) ®Ppder  h jwe jte B2 &3 dz
HJjdzj dz22 W BOtedzr v dzliSClsj dzj t6° B'tcHj2 EkZOy'r s
Y BLODOMz Misr Mdf OlsOkz nh* dz B "ter hilsry xpbdzj

¢ 2 dzO dzdzO dz' Y SLODOWM Mmis' v dzj 6" L G mdyg O
Okzr Misr tolz, B"ter hilsry " dzHOMHT Y YbDdzj B"ter
ster dz Okzr misr Iz

a Hjdzjdzg' W 0©02dz0dzz B"ter hr dz M Olsls©O2 H!
Hjdej dz2' W EOY'"Is B 'tedz" 6" dghjG' B"ter hilsry ELG
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w = 2% .I/-_‘\]
N,

dkztoj.butkr hlsr 3 3" ZHOBHT Slsr 6 Q38" s B' todz' «

I "dz etedzj € BB2T dgh O B"te" NIsr Yy 3" dzH OdBH T ¥
dCddz Odg" YIsOdzOH T .

4" LT YIsry bdzj B"tc! OlEOMN" dgH Q'O dzB OF dzO d:
IsnteHd Etcdzd CIsj dzj H

v=wR (2

rdmmj elsOoydwdr vy L jtlklsjk BOtr i dzh® 8™
dzj ¢ L G siuf" dez ¢ dzls® jCj dzg Odzr YIsOdzH T
BO2 &zOdz MisOEH' B' ' Sls' t©j H' .

Ajddsteej I|sO@ydz@zdiOnlzj £ Y sL 00dzr Mls' W Hd d
Odzr YISO2HT :

a :E (3)

1" dz HHJLk Doy Oh Odz yJ dzlstec j BOD' Isls©O
T ZHOMBH'" YIsT w CoOHKGOIST dzO Isplzj dzH ' .

rdmmd wlsOydw B Ot Mr dzH © Odz" Y IsOdzDOdzH O2
BO2 &zOdz' fls Os Yiskzihfiy” dfdts He'kw  IsOQy " ter ff IsT Is ts dz' Yy
BJtd H' .
telslsjz BOtr M dzH O Isj stedwdzr s’ dzn' teklz

1 4

iOBMIstcOCIs" dz "O" ABHOtH"™ dzOYIsr d&" MOdzH O

iWtstedizz zOdzOtcHT » OlslsOlsf O2, dzOtGH™ W d&OD!

iodLEzOdZdL Oydqwy oij dz BSHjdz? HjEZH® Y BdzH Odz

iy stedqwde JMJd Ypdaeij Ispy " tedsd d3dj dz B O2 dz

¢ 2 dzO dzdzO dz' YSLODOdzr Mmlsr s " dzH' tclzHj (
Y ®SLOOM MmIsr JmMCj bum' o , CJ2" dz tsdz 02d
Y SdzH OdzH T . I"dz Ipopfm' &z ByYyEhr ZOtcDO 3 OWO
BO2 dzOdz" Misr tez0DO @I BS " dgH* € B J toH " .

v stedWw dz Y B' dz' dgH ' Bj WE jtelzH j dBBtsH j dz/
Y BdzH Odz" dzH T .  dmMmj clsOydw BOt" M dzH O C
sykzhr dzOtcH™ W OB MistcOCIs® dz "Or dgH OtcH" Islify" ¢
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s b2 BZOLEOd 3tLY40d Mis'r 6 odLEOdH' 3

10 fmrdg f

4 OB O2Isr 6 s@HRAAOIBEQAZ" SL 4d0dz.misr 6 1 dzj |

4 OB O3IsT 6 BOSMOIs' :

1. 1" d&z' dgH ' dz' ¢ ¢ 3 @y gy : Y BLODOdMz MlsOO!
1 dgj e dw mr dgr LW,y Gls Il LYESLTPrOf DOdz H j dzj dz2' W 1 dzj
O)'" tcOlszOoROUSY ZW " HOOH' &ZOdzk™ dzO B OOD' Is B j oz,

2. 1 OB Iskzhr dzr vy [dg@¥hi@GisOtcH ' IsOdzH Oz, no
YOB ' dzjIs' dz HOM Iskz h OtcOd&zOte™ dz "2 d3H OMmiIsr tckz

3. upteBdj dz' ¢ [ Y3IDYy mMRBELH T W Y OZOY Cjth' ' dz' €
Y dzlsjjfigjHf h " DOtkzH OO ‘" LHJjdalz X tsdzhH Otcr dz,
Bz ryYyfOdz yO0MmMOLk.

4 OB OS2I @ "o t€'ls:" o' dzé6 j dz MOB OY .

4 OB O2IsT-16p fh ' HAaHP Medzh OB j tcd OdzH OtcHT Istsf IsOkz
. 40BO23IsT 6 ¢ Maldgp@F @S € sSQAcdzOdzz s B Ot HJ dzj
4 OBOYIsrw BOtr Mr :
w. N2r HOMIs" ke CjLJw' :
. wDdzj dzH J Miz;
Jykhr dzOteH T Isllgj dzH | Iz;
. o wTdz2f Btz d2' W ISOLOdzr 0" dz IsjSEMmJts
. Jyehr d&zOteH ' W mMOB OYY O HO2'" dzH"™ D' dz
slsr tor MisOter , Mr telsyr ©itodzj to' ) ;
. Jykhr dzOteHT W dzOL Oter dz MOBOY YO OEZHOt
w. N2 OfM" edkOM" dz Isj EMjtkz, yYO2IO0zOL
) biswdwd g ShidEEH | 6° dz
) ftwOCIsdeOodzr y OfMm" tedzdOdzOter dz Isj CMj oz
) dMifbjte’ dz sjSMmjkk.

www. 1 -gOer g PUmjtlkz. wv. r OvwO &OIs] tc
BZOY MOIs Yy st .

1r J dzj dz2' v Cydiodg)ls df Ss@imdadg fe@ddz# W tstc dzlz dzO dzO te T

2u tsdzf Y 3 ¥ddizgf € Odizr ) pliE) dziAs der Qi O

V. rOvU0 &BOlkjttdOdzH' doj wve telslz:

1
2.
3
4

5
w
¢
c
J
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LII®h dj 8¢ k' d6jd njdid w, =88k 5ok
3" dzH O H j d¥j dz] tcH ' W mrLrylsry " d&zH OdBH T D' .
{@ngwhﬁﬁmﬁﬂ Mamﬂ Y st Bk dzOM ' ) dz G dgHeGRE d
MR=1 i dzjedv Bsdids’ Hif OkGEREOd WS Ode
Jozjtelsc’ &2 Sls' w Edh jog' , Bz Hjdzj dzjteH' dz & j &
sykhr z=Otco© BOD' Is Bj tolz.

2. ysaAfs jtedz ljdgHjb  dz yGtls'f hr0DOBL.

{dZJ-tQGq- fr}/vaa lM/Z rné] CBJ, dsJ_ fr]J_u:’x‘R BBdZOGdZHr Y
Waas = Ig/z r;WzamRIW(Hma)Ka‘IEhrBrY ML dHT D dgf W
|/

Wy ==~ B 15 dz0 O dzr ' OO MifOIdzO ey dalste’ dzj dz ElsY !

Y Ols' Mmilst  ddaj teydV -z Eials' S| skd i@ HIYf Ols
Vw. [yrrdrf l’rtcoOd sYkz &OkjtdOd dz

5jSMjk.
ridejdz2 W CddajlsdSOdr € yidsi flsjdzydOHHT €
stsd Y BjRdded S Odzr € {dzjtecdw ypdz fsdF w o
Yrlsr dz f s’ 600dz Yk ROk, tedOd

Vwuw. {
" MisO" dz ylltee' L Iz.

(MJqd "rOOtlskz.

rd S CEhr ZODO LY PlsOYH tcdzO B j tclz.

VI w2, lsOf mr e 3G\R. B ; B jStc . fpJs 27108l Iy j f Isj to
¥ddzOor w. uv"wCBOJj 9

Itster Isr.dzH '
Dister IS dzgH " dzO2 € j dzj , O?dZOdZd:sOer YtsL DOz
3 D dzj odLEzOkzdL Oydw "Milsjte’” dz Y tsdzH Odzlz |
Otclsls™ tcOIsm dz dBOW' L HT (DGtquQ(Dder Y " tcOdz
H'Misjte CntHjdz WdL Ty yY"B' dzf MIsOtHT
BJt' {, sykhr d&z=OteH " v dgwdzry BOIsj ted Odz
>1®OHGQ Y OMO2AHT . ) z BOtr " dzH O a-
IS m dzgsdzse W dzOte" dz O dzlz sykhr d&z=OteH " v
HiZ
s

D H
f4H
des o
BtG
Is §
azO
"3k
Bzr 2?0 sW bDMjte J Codz' Odz" YIsOdzH " . 4 50
B+ elsjtedz € Mddzdzw ydqw dzOte 3 o dzj Oded 3Z3OYd
d<sodz vy L(DWHfdszls(Dt(;Hr Ispy " tedBJ YIlL " dz
OO BO2 &Odzr MIs" t® Od&ZOHT . ¢ 2 ZOZBOMzZr VY 5L
Wtedzr' Y IS ~dzsdzse W dzOteH ' YBdzH Odze Y E O
2RO, BBybkhr' &ZOtcH™ W dsecdC Odzr v 2 dzOk' dz,

bdeS ydsdzOczn ' vy MO OISIST dzr 0F dz  "HOjdh js & ED te H
Sz ZOkOtE &jd YsLO0O0d 1 fdfOlssOkOodoE’ d
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MOy Odzr ®BJWejte' dzlz® dzgy B BE  dzH™ & BJteJH ™ .
BBHJjdz Hik Ybpdad o9dLEOdZJL Oydw bpDH' Misjte' dz >
sOdZzZOf sOte" dzg@ Mp2¢C jM Cjdzjls' dz sd" d@gH' BY ' Is
1l 5dzOh OYIsO B"dz IsjrmndesdzsedW dzOteHT Yy jIs' dzH ' to
sykzhr d&zOteH™ W Or dzr isd S EL Y OtcOmM"r dz Yy Odzr f Is Of
syrilsr dzzr dzO Y OWw0O BRI BE dgH " Clsjtc Oh OH T .

1 O2HOWOdz" zDOdz DHJBdJIslsj to

19"tcOdB.O2AdL d¢ Odgr sSY Ml ils @20 MIs jf dzq M * . 4
Ols™ dzH OD" [ kZteOLdWw " dzlsisT 56 bkelzd o j edIsj s’ , Z

2 D0O0M"r d3ha @ . , 1 dMmj &2ZoOdzd j 9 O . [ ., 10
ftetsyj Misj toH Cod3f + v Isj toH j dsgHjdzf'CHOjdZ Y/ /O
~ OB Otchi20d4.7.” 111 . 1525

3pter d@3gB J S B9 1 . v . , vkte] n Odzso O s . [ . AdL
hr dzO@2r dz' dzr y Oty " dzf Jdzls j cOCIsdols’ odL E20Oc
DOOUPdeg 6 j cfdIlsjls' dz W - OB OthT2924) " 1jIH.OG Ba
291 47.

41 OzOdzy " dzseo z . r . 1 Jt¢ " BB OJ 9 5. [ .,
JMygtlsjteH "’ hr DOtezHO Cti3f! 6ilsjtc B OGRamd it dzOC
Kazakh National Uni versity mOBOthTrifgr .
201577 111 . 188.2

50Ot BOj OO ¢. , 4" H" Y80 O 71 . cAndLdCOe
HOWicdzOZHO OYHf OtOIslsr vy Isj - dzsdztsc W ee@rabH ' Y
Kazakh National Uni versity mOBOthTrifr .
20167 © 2714 . 71215

6 rimzfsoe® .1 ., rdisf’ me O2 . ¢. l duL
Oty " dzf BOIs ] BOIsd S Odz" Y BSHJ A&z H] Iz HODH' (
fJHOGBGJdS OdrodYs fidsyCalddRtg '. . A D/R.3 .

7roO0CEftsea O ¢. , rsdzh 0joa O [ . RdzW sGetcOW C
Y SdzH O dz" @yOflsO et Is Is * odLEOdRZJL Oydw dzOkz Yy " tcOdz
sSY'" Iskz bpHI2008.] d3ly (M5171).19.5

8 RMOJj 8 0O (. R. 1 sdzOh OY 3" 00Odz" BBH j teG J
DH' fglsjtieddz’ dz ydqWtcdzr v tj MtemlsOtoH T Y 5 dzH O dz
DOL OY'INIspOda OB OLO24. T 311 . 1265b.6

9 " j2dB" R Odd3B j Is c. [ . l JtelszOdzH T 1 Cf
BODHOtdzOdZO dzOts Oty r dzf wdL d¢<S odg sY'"r IskzH!
Method.i 2024.1 - 511 . 143.4
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1 11 v49.19.39

J.R.J] d©3OteB J S 89 O
dMMsyddetse Odzdzs Qe wts W d B3fdetE OC OH j, d3eC. O s[Q P 61 CigH
ba.vlzd3] dzH.p.p dzisT oZgB J S 59 O
dglsHjdzls', sOtlL RU dqdizd dzd OSCSOHJBIJSCO (. ¢. 1 Iz

J H O dzdzts 2 tcOB S5is § dmmdzy H 59 Odzts 9 dzd W dzd
OlsdismMW j tcdzts G ts otsLHERO, OL Blsd2Q il thxEsldctsts
BeteW sdzsedyj MS d 4 nOtcOCIsjtedmisdSd InNOCsPz§ dn
f sdzlz yJ dzdz’-c-j] dz'L tsdelgj Is 5 H tsd3. RL EZyg dz smtB J
dzO dzts € tc d ) Is Ol Cj A2  dzj dets€ o L Qe d Mmd di3tsMmls
sBteOBESISS d. [ jisfetods 20 Isdgfdfdass M S s dd E2Mis Odzts
slsyde O dz20 dBsW sdtsecds ftso jtendetsmisd d ff tot
1 sCOL Odzts, Yylsts orBtste Mtcj HT slsyde 0O MmEzh ji
gdazndw d d&syjls BT Is! dmf sdz L se ©Odz Hdzv s
ftecsotsHWwh drn fsCter Isd?2 d Wtlstst dzj Clsted yj M d -

sdzt yjor Jf figeeth®@: BSteW sdtsedw §tso j ton datsf
o 0¢0dzmdd, L J teded ydsjarlr! MistckCIskztcO

[SfdH ddndw dmitsd Lkjkmw o fisdds ydz
dzdvy o €O q;fnlsa; ftosLtcOydesets ftotso
zZdeH Od3j dzls Odz! dz" 2 ddzlsjtejfm, §smtsd ¢
o tsH dzd € 5 d3, ) Colststots d3 totse j dz
OdzdL s Odzdzr = MsMmMlsswdzd?2 o L Oftej hy dadats?
Mhdtcj dedz" | Mtsmlstswdadw [ 1] .

[STdH ddHndW stz cB@ofsgz@S Mn h JiesS 82 L C
dats 2 , slsdzd ydlsj dz' dats 2 nOtcOCIsjtedMmisd S 52
dzyd dzstcOydw MmMotsBBHA n | dzj Sstesdzseo o Mmts
Of OL sdzj 1 dzj Slstctsd@ZBOGdzdIsdesets dL dzz ygj ded v
L Bsy desfylsd fteOCIsdyj MEsets ftod
dH ddzHdw wodzw jIsfpw dBOIsjted Odz
HOMJ dals Odz! dets?2, sOC d M HfwOCIs

@3J dzj ded v |
ts d3, ftcd H
dud M& B2 &k
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~o h. ™. a "~ ~ a m"\_ng6h

l tOBtls] dMMdzj Htso Odzs! o ddwdzedj Olsdiasf
CdMmMizstesH dets?2 Mte HT 2O (o jtrndatsMmisdzz® d3tsts
ddzvn dw.

CCMmY jJtedd3 dzlsOdzt dgr | 3 IstSHT

1 Bdtj dz Isj -~ des dztsc W W dzw j Isfpw hqtesC ts
By SsSHESd HZYW (odzzyd ddw Istsdes d-i4]f.dzy te® y jo
f sdzlz yg ded v Is 5 dz& d - ftotsL cOYdz = i tctwoj ke W h
sjrdzsdzsedd MMmistsdls dL daj MSsdzt Cdra 1 SOf ¢
tcOMmlso st [ dzv {1 ssets cdHKBOIL ddlsttOIsO ddHd
(Borun New Materi al Technol ogy Ltd.) tc
t OmMsoatste f jtod BBI"doOjIsmw ted led3dz®lsdzls? Is
yjets tlkmlsOde 0 Ismw ftcd ¢ sd3dzOls dzts? J B j
fodzzyj dzgdwv fdzy desC fHtodcetslstse dzj dzdz 2 tGG)fr]lsa
B SBHESdR yYJ dzstcdW zedtetse Odzed W ( i3 H J§ dz SPI
System). 10Isjd3 fdzv dzg€ d tslsy dc OBIs B 2tefsE O Is o2
mls. ) , CPMdctgB8HO oz tols. s ) 0%3d3c .  ofiPs. )iz o
sj B jtcOlsktej 300AC 9 Isjyjddj BHdsEts YOf
Mtcj HT iy dcO.

tdLizd O d. sBMlzy Hj dad j
@

1 Odzts S ted Mis Odzdzd Yy jdn € Y dzts GthJHfr]lsOadeJIs
MckzCIskztclz, mMsmisswh zs  dL ted MlsOdzdzd Istseo  dz
CO¢ 0o (d dzts, gz e Is MW 4tco[u_ mMCkze Wstodlz
MistczCIlsktelz d §tso jterndesMisdzize st sdzseds
10 tedmizdzC ] 1 - c€®OKOxz] dzdha [ §f S50 cltg;: dzts i Is dzts 6
i dzv dats €, sSlssy )Y dede" = o tOL dzdyder = Mtej HOA
slsydeO sCOLT 90l oadzdwdad j dzO UB d lorm dztsmisc

)
OBLHERO d © SCdmMAzstetsHdzs?2 Mtej HY G dzv dz€d d ¢
OLtslsy d 90¢kEd3y dzOBdz¢ HOJ IsMWw OG dzts ds
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C

Oio OlsBsmMy j toh= 0,4 HiBBIERL ERs dats 2= 0 16 j2Hi plzdzo O C Iz Iz d3j :
R=0, 38 i azds§ d fj dztyitety Hge® 2 R3  dzch
t Mz decSEtOY jddvY s jton dessdes? Rl sdsedd
sCdMmdzj dzdd o w©WOL dzd ydz' 7 Mtej HOR.

1 sHtsBdzr | t0OLdZdydwyY o dBstWsdasedd dtsy dzt
JHT sisty@cdcdiizts o dzd W ¥ Is  dAOts HHoddWy Wz frpfists dzdzlx Is
syj Mmr CtedMlsOdzdzd L Oy d d . J ftcdmMizlsmlsoe d
odesd3j tocdets] wWOMPtejHjdzjdzedy CtodMmlsOdzdzdlIstso
tcdzd Mists?2 MstckzSIskzter . 1 OLtslsy d 90CkEZdj
d34 dzy dzdz' n Efdztse d 2 slsy de o, ftesdfmn tsH L
tcOL 5o 0Odzd j &3 ¢ dzOMiIsj tetso . Clsd tcOL dzd yd v
z dzC yd s dzOdz! dz" § Mots2MmMlseo © f dzv dets ¢, sO¢dJ
OtcOCIsjtedmisd < d.

l1toed ftotso j HQdaEFdEd LCQ ulf dzv dzC d Mmddals j L Jtetso (

nNs=gor g

fsHdzsy 4 & Si . stej d3ddzd?2 ¢ tod d3j dzv dzi®@ dzGicdefrL O to
dme dzs yj dAff ¢ @Pdeseo tsls fsHdzsy j & FTO/ Mmlsj § dzt
2) Bsy dgs  dzOB dz H Ols ¢ dL d3d dzgj dedy S tsdzdyd Mmls:
MemMisOe © CdMmdzstesH/ ddznd2 ( O/ | n)
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Oio Ol®BsMY jtojioo ®OLBEBIo MEsPa ik i d Mdzs tcs.H dats 2
t Mz dfsEwazO0dzdL T f.dzy dzsS 1 n O

sOC odHdts dqL kOBA&ZJYr 1, o CdmdstotsH dzs
dZOodetsdz " jj L dzOyJ ded 4 , ssSGHO COOChERKCEZIETE
CdmMAzstesHO Ekd3j dz' h O Isfpw . Clss sy jIs BT Is!

ftesyd Mifse CdMmdzj dzedw o CdMmdssHds?2 Mt
2O " jdeds tso jtorndesmisdegsets Mdzsw C dMdzstetsH
dZzOoff etsilsd o, dzOB dzs HOj Isfqpw  kd3j dz# h jdedj € dMmdzts
f dzv dz¢ O-R

v OB zdy@tc Adzj Iste® dz@qzdiL © f .dzy dets$€ | n O

dtcJ HO Blsy (¢ In, % 0, % O/In ratio
] MtiHi OlsdsmW 60.4 39.6 0.65
1 OL B Isfigisi2H § 64.5 35.5 0.55
]l OC bk d3gdzOW fMtej H 75.5 24.5 0.32
sdmdzstetsH dzOW  Mte 47.2 52.8 1.12

I BHtsBdZr J dL 3 dzj dedw o { dzj d3gd dzlsdztsdz Mmtsmls
sd iy MSdy Mots2MkseaO® §dzv des¢ I n O
' ftosL cOydesmils! . v OS¢, ko j dzd yj dac
hOjl JjJYy ftsosHdBsmMis! . 1 1t
Cltstesdg HdzZvW HEsMIsdy j dedw dzgj sB Rt
rjy o90¢C0dmdd o MmMbikzSlslkzted
MzstesHO d Mismsemlsoakze s o ¢ dz¥
tes9 Odzd 4 Il n O CdMmMdzstesHsd3 MEh
[ MsBOW HJjWJCIlsdzOv Cted fMmlsOdzdzd y
d CdMmdzstetsH O dzO CGteOdzd yO~n LY

N (F =S

o oo ggeo
')
U'J'D" o -

—_1 == x < r
Q@—== o
==

3T
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Actual problems of modern scieng@026

B34 Y G e Odzlz dz' dzr § L OteW HBBO ™ § Msmissw dzd v , mts
odzqwehdj dzO 1 dzj Slstetsdzdz” 2 IstcOdzmyf tstels o f tsC

Clsd wodzj dedw Bselzls MmiEzh jMmise j dedets o dzd W
f sdzd € ted fls Odzdzd yJ MC 2 MstczCIskzter . 1 Off to
oLOdBsSHj2MlsozYy M HJWjCldes?2 Mok lskztes?2
Hod>Yd dzed 4 1 dzj Clstetsdzets o . 1 B4 Issd3lz, ¢ tsdzls te 5 dz
MstczClskztocdz | BMise j dedasMmisd § dzv daets €, d3ts ) dzts
Clsts Lo jls bEdazyhdlk: 1 W¥WjClkds dtsfls!
stec Odzd yd MSdr Mtsdzdzj ydzr = 1 dzj d3j dzls O R

[ dlsj OO

1 Fritzsche H., Pashmakov B., Claflin B. Reversible changes of the optical
and electrical properties of amorphous \rfy photoreduction and oxidation // Sol.
Energy Mater. Sol. Cell$.1994.7 Vol. 32.1 P. 383 393.

2 Emrie D.B. SalGel Synthesis of Nanostructured Mesoporous Silica
Powder and Thin Films Https://onlinelibrary.wiley.com/doi/10.115%0.05.2024.

3 Nagyal L., Gupta S.S., Singh R. et al. -&#l| Deposition of Thin Films //

In book: Digital Encyclopedia of Applied PhysiésWeinheim, 20191 P. 1-18.

4 Bokov D., Jalil A.T., Chupradit S. et al. Nanomaterial by-Gel Method:
Synthesis and Application // Materials Science and Engineérigg21.i Vol. 2021.

i P.5102014.

5 Gonzalez G.B., Cohen J.B. Neutron diffraction study on the defect
structure of indiumtinioxi de [/ J. Appl . Phys. i 20
2555.

6 Stankiewicz J., Torrelles X. Structural and electrical properties of indium
oxide thin films grown by pulsed laser deposition in oxygen ambient // Journal of
Al l oys and Compounds. 1128201 7. Vol . 6¢
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"’ s =7 s ] 117 .~ | ]
X, | s, s ] s ¢ ~ ]
V{4 4 S I
1 - D.Ad3 teBOJ o
[OcdMmistcOdzls, 9ttcarls ¢lsO Olsr dgh @YU © aSIE™H @IS BH C

[ OYOdZOHO &I Sl HBOILj BOISJEO CkteMmr dzH OO
BOt MM dzH O f tetsB dzj dzOdz" Y  pOTWeHEMAS Yy "OudcOHT Isw
DOL " teg" B' &z &3 BJjtelz yn2im dzHj BGYEhM'™ &zOteH
HOODH' dzOter dz ¥ pdzy @BOIsj] BOISdE Odzr vy MOEOIsIlsT dzf

B' to Btsdzr f IsOB" d&zOH' . [Mr DOdz B O2 dzOdz" fMmlsT
Y sSdzH Odzgz sy khr dzOtcH'™ W  IsOdg” dgH'"™ ¥ B J dzfpj dzH * «
tejls" dzHj MdyOllsOdzOHT . 1Jtelslsjkz BOtr M dzH O
dzj 6 L G Ydr dzH'™ Y IsOts, sykzhr d&zOtcH™ w3 d* :

hjhEHjag' ftosBdzj &3Odzr v Ispfm" dzH jteH ' W jtoj €h
mMOBOY BOt' M dzHO HtotsB dzj BROdz"r ¥ Y ODHOWIs Yy
SdzOteH" W Sykhrdzr w OdzOdzdlIsd ¢ Odzr y 52 &zO k' dz
Isj stedw dzr y IsOdzH O Iz, MmMoOdzr mist iz, BOY'" dzOk
YJddzOYIsOkz pDH'  Misjte" yYtsdzHOdz dzH"™ . 1 DIlsdy j M
n2r d3H OMisr oz YEhM" ZOLGH™ W f D dz6 j§ Yrorokhr
IsjJ WHJjEdzj tcH' MOdOdzr &Bjwejtekzej &I dBE" dzH " €

s T2 dz O s dzOdz Isj WH | 2 dzj to, f totsB dzj d3!
¥ O0DHOW s, 3OIs j dIOHs' R I©Halizj] IS Y, r IslizeOdzr d3H T ¥ B J
52 dzOk, L jtllsjkzh '  dz' ¢ DpDH' M, dOIj BOIsdS Odz' Y

DOL " e B' dz' &3 B J tolkz Ni@YjWEP rdzlz’y HIR X dz GE
Y OB dzH Olzh T J &34 Mm, E L BJls' dzh j 82 dzO2Is' dg,
OzOIs" dz Is" d&zDO twjls'" dzghj Y Odz" f sOMIs’ tclz. [ M
sykzhr d&zOtcH"™ W IsOdz” dgH " Y BJ dzlhj dzgH " dz' ¢ ' dz Ofte
Isj -n dzgsdztse W dzOtoH ' Y SdzZH Odzz H T W BOwWr L ri Otgl
ftotsB dzj BOdzr v YT lsk Isjrdtsdztsedw mr .

ltetsBdz BOdzr ¥ sk lsdzOtcH W OdzH'™ dzO B j dzG °
szOr L Olsr dz d@3gpMmj dzd yYyB2"f§, sdz@ EL BJjls' d3j dz
Isj ndzsdzse dw ybkhrdzr w dsedtOdzr vy G2 d&O0Lk' dz,
L Jtelslsjzh ' dz' € HODH' dzOter dz HOd" SEDO Il d3C
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Actual problems of modern scieng@026

f Ddz dzH j§ f tetsB dzj 3O dz" Yy syrilskz Ispfp" dzH j to° ¢
Y s00te"r deolsdyj BytjgH [1].

[ iSIjf d&BOIj BOISdSO CkZtemr dzh O0" C Il teH j dz'
FTJetcOydtsdzOdz IsjWHjbkdzjte. RitcOYydsodzOdz Isj WH
CeEB " dzj My Odzr YIsOdzze tsBdz r dz IsOB EkH O, Otcls
Isiltedzj dzH " ez H § 3 D dzj Isj SMJtck YNted' LizH|j
YJr dzH'" YIsOte tsykzhr dzOtcH '™ W sOY T ter s BB - C
CetomjIsjH HtsdzH " Y IsOdz JiotcOyd s dzOdz Isj WH
Y ODHOWISIsOte yY"tokz Oty dzf sykzhr dzOtoH T s 2
HDzj d&zH J G ] BOD" IslsOk EL JCIs’ b mj dzj B Az {

l totsB dzj dc3O dzr Ys YOO HAD WY B " tof dzD" B " dz d3H j to'
YOWO B' dz dgH "LHjREG] YOy JdIsls® dz' € sz dal
RtctcOydtsdzOdz IsjWHjlzdzj teH' YY" IsEHO d&" dzH O2
4fn41]’ls sjtej VW Isuim dez® dzgj, BOIJ BOISIEOd v L
ELH' " dzgjdz ytster Isr dzgn™ Y OMOkr dzgO@ " Y{f Odz jIsj H

1dtelslsy 2’ Ui deoe Qs dzO0dz Isj WH j zdzj toH
f ctsB dzj d©zO dz" Y ¥ ODHOW s Y'"tlkHT W Isd’ d3H )
sykzhr dzOteH™ ¥ dB3OIsj 3ZOIsd S Odzr v 2 dzOE Yy OB ' dzj I

PHjBdJjIsC ] htsdziz.

ltesBdz 3Odzr v YT Isk Isjrdsdzsedwimr sykhr
Otlsls szH"™ W X D dzj e Odzr v 2 &zOk" dz H O
ted Is’ dzH | D OfAs e OdzH " W L Jtelslsj zdzj t6' dzH | Y
DHjBdJjIslsj toH ' sOdzH Ok B Oter M dzH O f tetsB dzy BC
B &z sdz2 BOIj BOISdJE O MOB OO dZH O Y BSdzZH OdzgzH T
L Jtelslsjdzgj dz@ Odz' YIsOdzH " .

} totsB dzj dzO©dz' Y sy"kkz IsjstedwmrdgZz w dzjc'L
[ .R. ] OndzIstse ftesB dzj B3O dz" Y Y ODHOWISIsT sy |
"LHJE" da Isintels ¢ BSW&zOIs" dz f JHOEBEdS Odz Y
10dzr dzdzr w " € et dzhj, fHwsBdz BOZ Y Y kE
ZsedS Odz' Y 52 d&zOkZr dz HOM szoO Il i3S " dzH * €
Isj WHj Ezdzj toH ' syYyrilszHO jtoj&hyj BOWT L HT,
BOtr M" dzH © Bykhrr &zOtcH Odz IsOdzH Oz, HDdzj dzH J |
J 8" dzi H'

R. C . [ J todzj to f totsB dzj di3O dz" Y syYyrlskzur w
sykzhr dzOteH™ W " LHjdezh " d2 € bpDtejCjls' dz2 OO
f totsB dzj d3O dz" Y IsOf " tcdzO dzOtcH T Y s dzH O dzlz
Y"L"Okhr" dzn O" dz Otelslilsr ter ELH' @' dzgj dz VY tsto!
HDdzj dzH J dzG j dz. 1. [ ¢ sdz By &z u. 1. S ZH
YEh T d&zOtcHT W ddalsj dzdzj SlszOdzhr v B j dzfnj dzgH ' dz'
Cjdg dz SeEtemjlsjun’ [5].

DOL OYMIsOdzH" Y 0O0Odzr gHOteH"™ W jwB jClsj to' dat
B J dzfng dzH * DH' MIsjteH" W &BOW" LT Y OtcOMmisr ter dzt
syYyrlskz BOt' Mr dzgh © tSYykh'"™ &zOtH' W dztsed ¢ Odz' y
HOWM s YOy Jibls' ¢' dz OlOf Elsj H' . bdz uv. D,
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L jtelslsjkzh ' dz' € Mdyf OlslsOODT IsOf " tcdZOdZOteH T
Y" LT Okh'™ dz@ Or dz Otclsls™ tcQIs™ dgr dz SEtefmjIsC jdz [ €

DOL ' G B' dz' o3 BJtoh s rdzdzse d v dzOter d
f totsB dzj di3O0 dz" Y sYrlskzur v syYykzhr dzOteH '™ W hor
HOMR sHOD" edz dz OO CEeEtMiljiH' . wBdz O3
MOt OdzOf syYr bk Isj mdesdztse W fyr sykzhr dzOteH T
slsr ter ff, ftetsBdzj ZOdzr v IO Mr ed3OdzOteH Isd ' 3l

[71.

HBWD' ' dzH OtsT ROl BOdC Odyr YT lkkzHO
Y sdzHOdze kpfj dzjm' Hj ELjCk' BSd § G’ 6.
JuOydsdOd kjwnjbdjtH' W cwOW¥dCljw' d ¢

BJtjH [ 8]. 1"z f zOW stcd3dOdzOte  totsB dzj d3O dzr
"2 BBHOMIsr tz0DO Ypdzgj BYEhTr &zOtcH™ W WikdeC yd s
Y OMO2AHT .

17 dzn &3d jwBjSCIsjtoH sOdzH Oz dzpIsdy 4 M' dzH |
ftesB dzj di3Odz" Y ¥ ODHOWISIsOtH T Y s dzH O dzlz s )
MOEZOIsIlsT dz D' dg, Zsed S Odz' ¥ B2 d&zOEr dz 3y bpdzj L
Isd ' d3H J € J dzg Odz' YIsOdzH T . HsdzH "™ YIsOdz { to

BOIsj BOISdJEC O MOBOYISOter dzHO Y 112 j dz' Y sSdzH Odzlz
CJdzjls' dz d3OWr LHT fJHOEGBEdC Odzr Y BOD'" IslsOtcH
14 G LG B Mdz'" 3.
RictcOyYydtsdzOdz Isj WH j zdzj toH sYrilkskz BOtr ir c

Isylzhfde)tGHer d3OIs;d30lscfQG)dsz B' dz' d3H ' Isj tod
BJtjH" . DOL ' G B'dz 3 BJ ok Y124 M daH §
YOB'" dzH Ok Y jI¢" &z ¢ M’ Bdz' §f MOdzOd&zOH' . 1
s2 zOk'" dzO, IsOdzH Oz >|G)fr]G)szdzO, Btsdzy Oz " fr d
BOOD'M slsOdzlz Isd ' . [ mr Is"tcDr HOdz OdZDOdzH O
k0OIls j B30Isd ¢ Odzr syrilskzHrw Isd’ d&3H '’ Isp ' dzH § to
cfm'tej mMi dtecOydtsdzOdz IsjWHjkdzjtc IsOYT' tor BT
BdzOOdzH " VY Is Odz, B " dz sOQtcOkzHT f etsB dzj d30 dz'
sykhr dz=OteH"™ W IsOdzr &3H" ¥y B J dzffj dzH " dz2' 6" dz Otslsk
RtctceOyqdtsdzOdz Isj WH jbkdzjteH'® h jhlz BOtr i dzH
BOIs j iZOIsd € Odzr Y Dtej G jIslsjtoH tster dzgH O2 H ™ .
YOMdJlsjte" d2 JMEJjtedH", Odz" Y IsOdzlz sB dzf My
CoOHWOIIsOkE ORBOdzr dz BSte" dzH O2 H T 3 D dzd O dzr
Isj SMjtej H" . [Mr dzH ©2 CEf YOHOMHT Dtej S jIslsy
dZte dC Odzr v 52 dzOkzHT sOdzOf jIsjH" . O &zO2 H O

sYkzhr &zOte jMmjfls’ sj ¢ Odzestedlsds Bts2r dzgh © h
h OQtelslsOtcHT W BOWr L " dz Isjtejw Isinfm' dzj B J tod3y

sBdr " &z jMCjtedsj2H', Okls'y IslB' todj H' B
sjSMjtedsj2H' . wdH' YsOdz dOydsdod Isj\
3 ODHOWISISOHT 125 BHOMIST tk YOy jlslk' & &' Isk

l tsBdzj BOdZ' Y Y OOHOWE YyY'GkH' U yREORE
YO2Rhr dry dzjcd' L  deHjcE' kOfM eBOZOBHT § O2
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B"tor d&z dBijwejttejdz Ispfm' dz Oteyr dzr hjhizgej
BtsdzdzO2HT™ [ 9] . -YOdzHdD2Y y©OweoOdiodzr y Owo hjh

dlsj tedgj dzj 2" . [T MOdz ,

No 1 @
sjwHibk" d hjihk BOt" M’ dzH O sykzhr dzOte Co
1Dlsdydm" dzghy B  tedzgj Py Isne’ tc Odzl dzOHT . ¢ dzC
s WHJEH' YOdZODOISIsOdzHT ted3BO22IsT dz@ Odz" Y IsOdzO+
il ddz Clsjdz sOB" d&ZDOdz IsnB' tedzj eH' W B ' t6°
IiDO2 YOHOMBHO Otls"y IsiiB' ' tc6 §fO2AHO BGAZH'
TojJWHJBEZH® NjhEH' W OdzHT dzH O Y OdzH ©O2 N Ot
HjGjdz M"wOylOot y 58 Oty r dz sy khr d
BOIsj BOIsd ¢ Odzr Y 3D dz' dzj OkZzHOtGOHT . 1vdz Is
Dtej S jlslsjdz MOdzOdzr 2 ZOZDO CEeE"EZ" " dzgj "y Odz
RtctcOydtsdzOdz Isj WH ] zdzj toH sYy"sEHO {ftotsB
jtwejg ehj. ["0D0dz' @3 MOBOY BOtr Mr dzH © Y OWO
sykzhr dzOteH™ 2 dZOdzzz0D 0O y j k] gpdzis, dz M" tcOY Is Ot

Ncw o @ p

sjWH]jE"  dz YOteOMmIsr ez € jL " dgH J :
Tull BOfels™ dzH ©OO" Etcdzj € Y OdzH ©O2 d3pdz Y OB " dzH
TOJWYHJEH" YW BY 3} OD" YOdHO2 Y ODHO2HO Is,
il ddz Clsjdz CoOOHIEGOIISOE C€jL " " dzHj Otelsr y Is
HjGcjdz ftsB dzj BBZOdz" Y M"cOYIsOte ByYykhr dzOte

szOor L OH T . [ " dzH O2 spfMm' &z tsykzhr dzOtcH™ W H O
BOIsj] BOISdE Odzr ¥ L OWHT dzf YIsOtH'™ Isnf' dzlz’ dzj
ltesBdzg d&ZOdz" ¥ Y OOHOWISISOteH ' "1 dgH OiMmis’ tek

Yoy hjn' gHjteH' kOkZHOE. 16OCIJCOHO BYE
BOtr Mr zH® CEfIlsjcjdz sdifls' ¢ yOIlsjdzjte 3 ' BJ &
TOdz" YIsOdze B MZr M dz J MC Jted3d Iz;
iCoOHWKOIISOE CjL " dzH] IsOWUBOdZOteH' H" " f
ilsie "' tedzj toH Isj €M ted3d Iz ;
! J
i

d

iOtedW d3j sdC Odzr' vy vYOlsjdzjte ' B tolz;

isJwHjBkZH' W OO dzgOMmr dz snm' dzB § Iz

fpdwylsr yObjdjtt xd° CJjLHIMIHEBH]HDOHC
YtsdzH Odzlz  Otoy r dzr sykzhrr dzOtcHr w Mmr dzd 2 dzOEk
sSOYISOHO Yy Olsj hr OOter &zoOdz JMjf CEeEteMmjls’ dz
JIs" &z H'. 1 n"dz Ispfp' &z sYykhr zOtcH"™ W HDdzj dzH j
BOIsj BOISdSCOdz' V¥ Is"tDr HOdz dzj G LHJbEZG] N2t

RictcOydtsdzOdz Isj WH ] Edzj toH syYyrilskzHO MmMOdz f
Y ODHOWIs yYy"tekz HO Isd’® d3H ' Bdzr f IsOB'" dzOHT
nfypr dz" f, BdizOtH' W 02" tedizOh " dzf OMm@edzs OdzH OEZ D O
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1D dzj
N p=x+3

Jzdzjtc' dz2 MOdzr misr ez B OtGr M dZH O Y Eh T d
dz, Odz JC'  dg"'" IjwWHjkZH VW th‘(K B s dzc
jdz' Clsj da JQ‘dW‘ BJWHJEH'\U hjh" g Yy
WVHibkH W jJC° BEMX 6" dV¥W YOMdJjllsjt'
h ' dpiasdlzr dz OdzH™ dz OdzO Odz' Y IsOEZDO Blsde
z 1
W

Q—.Q—.Q—.

jcjdz M"tOYIsOte Oteyr dzf ftcsB dzj B3O dz N
sykhr dzOtcHT W OdzOdzdIsd € Odzr v 2 dzO dz XD@J fi
RtctcOydtsdzOdz Isj WH j kzdzj teH ' CtcOWdCIs' ¢
sYyrlskzurw &BOW" LHT 1 dzj d&3j delslsjtc' dg@ w B t6° B
Oty r dz@ wykhr zOtc IsjWHjEZH" W BOD" dzOMm" dz

No o ¢

SjWwHjkE d hjhizHj
3 D daj

ydqw dzOter dz' v CtcOWdSIsj to MOodzr Misr tor dzC
ziR Isj dzj o' dz Odz" YIsOEZ Oty dz@ IsjWHjlZH" Vv
JYHijEH "W hjh " BH]jte' dzg' W MOdz dz Btsdzy Oz
tclsT Yy IilB' todzj tcH' Odz YIsOEZDO;
ZdzC ydw dzOtcH™ w yOMmdjlslsjte’ dz s’ dzzgj
tcOWdGCIs' € spfm'" &z ykhr &zOteH "™ W WizdzC yd
BOI ] BOISdEC Odz" ¥ "O" d©ZHOtH' W EL OtcO® B O2 dzOdz" f

DOL ' G ZOYyTr Isls© ydWwtedzr y Isj n detsdztsc d
ftesB dzj B3O dz" Y syrilskzHrw B diz¢" dzH' CIlsj to Cd
mdwylsr BOODHOtdzO 3O dzO tc Oty r dzr dtetc Oy d ts daC
Hd dzOd3d € Odzr v IslitoH CetemMjbblzag BSdzOH ™ . I
BO2 d&zOdz' mlis CtlOWdSIsjtecH' W Yy OdzO?2 ELGJjtjls
L Jtelslsj 2H" . 1"z spm' dz f ctsB dzj d©zO dz" Y N O
n2r d3H OMisr tzD O a3l 3¢ dzH ¢ € BJtj H' ) D dzj
YrLToOkhr dzn OFr dz Oteclslsr tcOH " .

RictceOydtsdzOdz Isj WHj Ezdzj toH Ed3 tod3i dz B O2 0dzC
ftesBdzj d3Odz" ¥ Y OODHOWISISOteHT™ W Isd"' d3H " Is Il tc dzj

Wz
Y d

(0748
rodz
Tls
T0O
I W
1
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Actual problems of modern scieng@026

sjinddCO, OthRdbjSlkztO dzj &jMmj CldgHjdz Cls'

sie wdjte d' yYsdHOd &OHT [10]. [ "dHO2

BOlsj BOdCOd v B' dz Bdz' W f©OCIdSCOdr v ROwr

YOOt Ed oz ¢ 5 ODHO2 ZOGDO dzgj ' L Hj dzd j dz

BjdzijdgH ' dz' ¢ dz Otlslsr 67 §f, Gd&OLH' W fDdeCj Y
|

e

ltetsBdz 3Odzr v BYTF sk Ikjrndsdzsedvw imr dz 312 j
BOIsj BZOIsd C Odzr v MOEZOIslsr dzn 0" dz Y Odzr f sOfMmisT te
HOODH' dzOte yYykh'™ dzOteHT™ W Isj ¢ d3OIst3G)Isc[QO 1
ptej S jls" dzHj HJ IsOB'" Misr BBd&ZEZr O " Y{ O dIsJ

r Odzff r Odz0O OdzH O, JetcOyd s dzO dz Is j W HJIZdZ(
¥ ODHOWISIsOtGH T Isd " d3H n2r1r digH OMiIs' t6lz lsylzh
sOdzr d3H" ¥ BJjdzfj dgH ' d&z2' ¢ dz 3 pdzj L jtlslsjkzh ' d
BJjtjH' . l totsB dzj dc3O dz"r Yy DH' ] Oty dz sykzhr
3j we j o ff, JmMitdlsjtern"’ fn O dz0O dz' sliteHj h jhizag
sY" sz bjrdtsdzsedwmr dz queicOydsdzOdz Isj WH | Iz

YOL ' teG B3OIs j di30Is d € Odz" sYrlskz bpH' Misj &3y ' dz
sOB " dzOH T .

gtste’ Isr dzH " .

Diste’ IsO € j dzj , JqetcOydsdzOdz Isj WH jlzdzj toH '
¥ ODHOWISIsSOtGH T YiSdzH Odzz sy kzhr dzOteH T W B3OIs j d3
g We jtolz dzgj BB A3E " dzH' € B jtoj s’ dz Odz Y Is OdzH

SYEh'™ &zOH' W HO2' dz OdkctstedlsdHjteH' Bj R Odz
ifmMitdlk'w ynrterdr @3 dz sOdzH Oz0D 0O, dseds Odz Y
Isd ' dgH "’ spfm' dzH jto' d2 ELH' @' " dagjdz " LHJjEZcG] E

sOdz" dgH" ¥ BJ dZMj dgH® dz' 6" dz Otlsilsr 6" ts dzO te H
YOdzr f sOMmisT tzHO &HOW' LH" twEd Oy OtOH' .
1dtelslsjkz BO M dzH O dJteOYydsdzOdz Isj WH J Iz
dgr dzHr yIlsOte Odz" YIsOdzH ™ . Jykehr &zOte CEB' dzj |
9 OHtOIsOE CjL " dzH j Otolsr Y s B" todzj toH ' W
dSMjtedsjz MWyl YOIsjdz Clsjte " BJtdH" .
tcsB dzj B3Odz" ¥ Y ODHOWISISOtGHT Y2 jd Isil toH J§
¢ J dz B(Dl)yOdZHf.

dtsdz” d3j dz Y OlsOte ftetsBdzj &ZOdzr v Yy Iskz B Oter
zokrr BOIsj BZOIsd ¢ Odz" Y Is' &z d3dpHJjded g Is® ,
B' dzj Is' |, ELH' ' dgjdz B ' dz' &3 Odzz bpDtej CjIs®
Ehr d&zOtcHT™ W BBOIsj BOISdEC Odzr vy MOEZOKIsr dz 0 dz
LT Okhr dzr Or dz Otclsls™ eZ0DO I BBE " dzgH " € B j toj
DOL " teG" ydqw tedzr y B dz' @3 BJjtekz Y OODHO2T
dzs j cOCIsdoals’ f &zOIsW Stc 3O dzOtGH ' Y sdzH Odzlz
2

Y

2
0]
Y
h

o <X@F=<u

d
FrBBHOMIs™ tlzD O Y smr dzh O a3l d3¢ " dzH € B J o,
Ehr d&zOtcH" W GCEtdsj C° YOB'" dzH Oz dz % Oy MOte
Isjtedw Isiim dzz' dzgj Y OODHO2 Y OMO2HT .
r Odzff Odz0D OdzH O, qetcOyYydtsdzOdz Isj WH j zdzj tc
Y tsdzH O dzlz B'd&z @3 MOy Ofmr dz Otlslsr cHT v, ts )

@
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hr DOtdgON r dz' Y YOB ' dzj slsjte’" dz HOMZ IszH' W a3
Bisdz' s OB " dzOH T . HsSdzH ' YIsOdz ®BOIsj d3dOIsd € O dz’
sY'"Isk Isjrdzsdzsedwmrdz y12J dz D tg' BOY MOIs s
SOzOf IsOter d&zO Mp2¢jM CJijdzjls' dz Isd’ dgH DH"
BSdzOH T .

1 O2HOWZOdz" zDOdz DHJBdJIslsj to

1 cB' &y Ofjr k59 O ¢.[. [ Olsj BOISHS Odzr sy k

T dzazsOIsr @ 1 T8z2083, 8B2018.
2 [ M Odzts 90 "Ue.d.ZO dzd dzO z . m. [ Olsj B3O d € Ok
¢ zdzOIsr : ¢ IsOROEO,B.2016 .

3 [Ornd@BkzIsse [ .RrR. lttsBdzj d3dets] GBEZYJdzd ] :
[ smMCo0O: 1 jHOSBHEd MO, 1975,

4 [ jtdzgjte R. Cc. ) totsBidzisdgdets O: s\ HAQIEEGHH .. 1 9 |

5 [ ¢ Bdz 1. I Mdztso T i tc & B[ di5fifgdatsls: 5 1 HatEAnNp] i
1968.1208 .

6 skHteWoyjo uv. ] . ]l tetsB dzj d3dzts J sBlzyyd
fJtmyf j Ffsefmq a O: 14H®|G11:9G2C{erp 1991.

7 1 JMfoOdz S8 1. 1. HdzOc O 3" §J 1[jEOPECEHEE d
l1 jHOGEGEJdELIOg 2 119.8 9

8 1 sdwitse w.1. [ jlbt c{QO ftoj f SHO9TOdzd W
[sMCo0O: ¢S OHZFRWH. 201

9 r"d3OB J S B8O O s. ¢.

: ,{Olst30lsdQOdsz fr]G)
Y tsSdzH Ot dzdzOIsT @ D OL OY Iz(ﬂzﬁ‘ﬁé,te[nc{ls;ls, 2020

10s jdey jBj S50 1. U. DOL ' 6@ IBZrdZdZ)(-HSJdBISJtG
cdzj dz, 128609 8B .
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Actual problems of modern scieng@026

1 v ¢ f 31.01.45

g4 Oi30Is § 20 ,tc B3O dzB Jdizfj OB O2
dlskHjdslsjte, 90L08,M@ESEES BwL BOEA]o j thdls

[OYOkZOHO Sddd¥ MOBOYISOEK" dzHO® h ' DOtdO
Y s @dgly ¥ dz¥  sSYbkhr &OwHT W  sOd &H'T Y B j dzfnj
YrLrOokh' @etslsdztelz oM dzj dzj o' Yy OteOMls’ tof d
BOY MOils'ls j stedW dzr vy B' dz' ogH ' Clldzgnjdz Cls' |
MdlszOoydwd v JMmijflsjte dj d MilsOdHOLISIS" j d3.
DMj ®detlzy sOk. | jtlslsjkz dalsdyim dzHj hr DOt
s dCOdr ¥ 2 &Okr &z HO® st f, Sdddwd y oo
sde' Ljls' d& O2Y" &zHOdzHT . g | Yter Ist dgH "
Y OB &HO®H " O’ dFF W ' ¢ jt' d&zj ¢jdz dz ypdaj 4D
500t ZODOdy L jtlslsj dzn ' .

st dz R, hr DOdBON " d&zr ¥  kOf M to
Yrorokhr dgdsszOydwdzry dfmdfilsjte, BJdznd deH"® |

DOL SOPHO XYO0BOdH'Y B ' &' &3 Bjtelz T8 W f§s
Odkzzh r &zZOtcH" W OdzOOdz Isjtstedw dzr' Y B' d2' dzH j to' dz
Odkzz y OB "' dzj Is' dz, Wodzad WEBRS ydgosdzOdzH"™ ¥ MOEC
DOLOYMIs®HAdIZOW B dz' &3 B J oIz NI 2-i301s gzdz P Is dyE Gt
BOODM IslsOOT f DdgH j toH ' syrilskz moOof Omr dz S el
sykzhr yrorobkhr dzn oOr dz Otelslsr .oz d3p My dzjifm’ E I
Hjtej €M L "D BHOt djdz SCNHteH j A& W st dzlz dzO dz
L OUHT dz" YIsOtcD O Istsdzr i D dz. HtsdzH " YIsOdz d3j € |
CEfh " d2e' B"dz fpdzgH' Isufm" dzgz' yYdr dz )y bpdaj ¢
Y OB dzH O2 iy " stcO2 HO, ~ dd3d W dgr syYyrilsz DH
OYf OtcOIs BjtkZh" Msddz Hjdz BOM ISOKIST {, 1
sWIsOIsr dz hr DOtedgON r dzr v Ispfy' dzH j toH[1]. j dzc " L Iz

1dlslsjlz " Mrdr W dzj &Y nNoOp OB s @
h " DOted3Oh r dzf v SO M’ tcdzOdzOtcH ' N2 j dz Y ts dzH
Belsdo Oydqwmr dz vYOdzr f sOMmiIs™ ez Y pdzy dzsed§ Od
sOB " &zZOH T . Z" 0O0ted3ON r dzr y is®©f " tcuz@dzOts § @ J ¢
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YO2Ils0@@ua0 j i3j ), dzr YOWOhO 023" d3HOEZHT ,
Y OWO Edz O3 >|®fr]®tj hr DOtelzHT sOkzOf jlsils® dz
sOf " tdzOdzOte Y bkh '™ dz W c¢cd3dj dz 3" dzr dzj nh'
Bjtd Blrterf, dr Ljtellsjkh' &z ¢ sLdydwoc

1 Jtelslsjlkz BOt Mrdzh O B dz' &3 Bjtokz MOy Ofr
tej Is' dzH | Lesson Study (MOBOY IsT L jtolslsj L
3" 0O0dz' iBG | mMOB OY BOt" " dot®OPT j IsD tdis] ' glop P& iz
BOY'" dzOkz DO, DL ' todzjdzc jdz Nhr DOted3dOh r dzr v [sOf
ZOY"r sIsO BODOZOEZDO I &S dH" € BJjtejH' . L e
B' todzj Mmj Yyt OtedzOk 3 D dzj o, 1, H sykhr
YOHOUBgOIBBEZHT W MOtOdzOdZDOdz st dz ' MG J OM’

[ OY OdzOdz" Wi 3@wOt" ¥ JjMmiflsjte &jd Mdszo
hr DQted3ON r dzf v Is"tcDr HOdz EWHJH, MOBOY - {f tots1
H' fls jlsddjtcdd'r SH Odz H D dzj dzH § 2. Z" 0OO0ted3gON r dzr Yy Y C
Y"tezY Zh T dzOteH™ W f D dzg § HjGjde Yty dzr hr dz
IsJ ted3d dets dzts ¢ d W dz' d s’ dz B3d WG j tolz' dzj 3 D dzj

YOd §lsOdMr dgPf Oz jlsjuH' . [Mr d&zO2h O, B"d I
d dzdzs o Oydw dzr Y DH' MlsjtoH" fcOCIsdC Od Y
} OteOls™ dz MlsOdglz B' dz' B dz' W MOY Oz ¥ HJWE 2"
PHiBdJ} IR
[YEh T &OGH' W hr DOWEdO" " d&z' ¥ pdzjlzjls' dz HO
fMdrsdsecdY ©OF d GHOK' dZHO ' tdj d L jtlsls
) MR sdksedwd ¥ IS"t©D' i ®tzdzh D @D @@ Wdz iMs O dzr
hjh Bujte OBk YyYOB' dzjls' Bjdz Y OWO ymdgHr
Y OteOMmls' o' ePH' | JdW steH §jdz C. 1. vttt daf
82 d&ZOkH' W dzgj e’ LE' SEEMiC hisjte' tojls’ dzH .
EL' Gge'jCh jd2' ¢' (stededdzOdzHr dzr y) OLOf SEtof

md dzd w dz sy'" skz DH' Misj d3j "' dzH j hr DOt
Y BdzZH OdFowreL r dz slsOdzgH" vy 0D0dzr &3 Ote 1 .1 . 1 "t
BOMY OdzOte™ EL JjJWBYK' jlwOdzn@PO ddz [ dzOtcH T W {
B'dz &8 BjtkHjG T B xOtsqzg@M "dzz w -~ dd&3dw dzr y
sOdzed sl t6r f , ts dz' spy "  tcdBjH] YtSdzHOdEZT |
h jghiyg odzlzr . cf' toj MJ, sybkhr d&zOteH™ W pD dzG §
nddBdwdz Y Sy jteddi delslsjte d3j dz dcdCOdz v |

Lesson Study Ispfm"dz dz22 w B' dz' & MOy OMmr

L jtlslsjbkh® dzjten " w (f. | dBJ te 30 dz, o . |
(¢c1 OL OteB O 9 1dwisC jtedz € B3 SIsjflsjtc’ e [
dzj 6" LHjdzcjdz. J1"dz DH'  Misjdy dB"O00O0d d¢Zej ¢ M
BOODO&kzOkzDOEe CeEhkze] BUBE dzH" € BJtJH' . CH
Study Owfmr dzhHO hr DOted3ZON T dzr v IsOff M te &3O dzO e+
HODH' d&zOter dz HOMB Is" f Y OdzO Y B2 RO, SdzOtGH' V¢
Olsls™ tOH
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Actual problems of modern scieng@026

DOL 'IB@GWHODT L jtelslsj zdzj toH § fnd lsdu@ym)d W dzr
~ dd3d W d3d dz ddzlSJGtGGMdezOIZ o MJ dzj M’ B 4 dzi
1.R.JJfl’]II®dZ’[SS fjdz Sted3OdzH™ ¥ L jtelslsj k' dzj to
dzi 6" LHjdzcjdz SO M td3OdZzOte ( &3 MOdzr , HDE' d
SOQDOMH " Y Yy s OdzOte sz tc ©dz" ) sybkhr dzr w |
YOdzr f sOfmzf oW Isjls' ¢ Btsdzrf IsOB"™ dzOHT .

[ r dzG2h O, DHjBdJjIslsjtcqj Y OO dz0 Odz
hr DOtdgON r dzr Y IsOff " tcdzO dzOtcH T Lesson St
Isj stedwdzr y BOLOMr yJjbk&¢'d Cls' d €4 dz' dz, O d
NN2jdzjz d3gjdz fteOCIsdS Odz' Y YBd&zZHOddzz pdz HJ

1dwlslsjlz pu' Misydzd " .

ANsCEBEh T &ZOtcHT ISO6HOE Ypdzj L Jjtllsjkz Cto

1 JtelslsjzH' W ftcOCIsd S Odzr Y CdLJVW dgH ] 1
Ddzj B @edzr BODOdzOkE @OymGBerBdﬂsjiﬁ]Séﬁzfg-omtsS
sykhr dzOteH " "t Clsjkz Yyt L dzH ' . 1 "dz Y OH
IsOdz" d3H " Y JtGJQthZ Clsjte" dz jME ity IsT ter
OfmMr DO dBIHABE dH' C BjteH' . UTOWHOXRZOOdz IIh |
L jtelslsjkH" W dzgjG' LG gdzH d C Olstster  toj Is' dzH |
HjtBjM HOBE IttO] C[Htedw dzOter fr L r dzHuT

¢ BSkhrsigrh B K jOlststce tweEdz dzgHj Y OteOMmlisr |

Mdf Olsls ®ROMPOtedZON r dzr y IsOf " tdZOdzOteH T Ster
ZHOBHT ¥V fjdz MIsOdzH OtelslsT jJ BB i 82 zOE Y O¢

"dgH ] Y O2IsT dBHTr dzr ¥ f jdz { dgjtecdwdzyr w MOY s
JwuBjt' di3dddz M j ClIsj dzd3d 2, Ctej O
OdzOHT . usfflsry y"di3rm C-pODzDic

"de qdlgShe ted Is' dzH § CEtc' dzJH‘, it
mMhrdzry vyOmdjlslsjte d3j dz Qts;@lsq’als dz' € ks
s3kzhe¢ mizOdzd ptEBIsj zh ' €& ted Is' dzH § et €
wdzr' Yy diBjrOdedL d3H jtoH " SOWzEZOEBG OIsB gD 30 dz,
stelsOY hr oOQtedgOh r dzr' vy hjh" d&3 yYyOB'" dzH Oz H
' XYbpdzaf IOfMr edzOder W dzsg S Oz vy Y " to!

rfpr nh " dz hr oOtedZON T dz" v IsOf fr cdzOdzOtc
H' tezH' W Y "tcOdz' BGdz sOB " dzOH " . |
Y ODHOWISISOtH T Ndls' dzn " oz Y tsdzZH Ote™ dz " Mr dzO

sy kzdzy
Y s dzH

4 sakftrMRbisicjlsdCe MOdOT dzO > OlOHT .
3" YIst BB&OOd B dz, Isdls’ € Jdzdfm daj B3I Md
Nh‘yisf)r &sh © EZOY'l §jdz YSdZHOEZHT YO3jl jls
H' g jds CjMlsjdjeH' W &OWT LT Lk, MjBjB'
EscdCOd ¥ BO2&OdZ YO Cjds' kcj CEdj Slsjf
BOY MOB' d&z' &5 yN2if) d& t8jlsCj Cjdzs' 6l b dzgj
sHteHj bkum dzcj yYsd 3iks L.
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ANsCBREZN T ZOtHT W sMr uh Isdf " dz sSOWHOEZ O
hr OOted3Oh " dz v IO Mr ed3OdzOtcH™ W Isj ¢ C¢cHOtr dz
Y OB deHjOkG j 2 ' dzH j G sykzhr zOteo®@ yOdz0O2 »bpfMmj
[ "dzH 02 MOtcOdzOdzD Odz S todlsjted2dzjtc tsykzhr dzOtet
Y B2 BOXdzer Y OWO Y OODHO2HO YtsdzH Odzlzr dzO, ELH

Yqw g€ j YyYtsfkzr d&z0 degj ¢ L BSEZOHT . [ fr dzO2h
Bsdzf ststeddze Y N2 B' dz & MO O dz Otclsls' tok
md d3d W MOB OUr dzv OYr hr OO r &z 8 O

s3khr™ zOtH" 6. B dzfpj dzH ' d&z' 6 °

1dlslsjz BOt Mr dzh © Mr dz" f SODT 16 ykh
Otclslsr oz dBBOY MOIST dzgH © Ot dzO2r " r DOtdZOh r dz' Y
sOf Mr tdzOdzOte tsYykh '™ ZOtH™ W ) OlslsOdzH * B' dz' «
MdlskzOydw dzOteH © Y tsdzH Odzlz ' dzO, Zted S Odzr v Ism
"h sOkzF @ED SIsOdzDOdz. ¢IsOf O2Isy OdzH O, ClrteH J &
Istslsr yMm" L HOdzlz, YO2Is™ dgH T tcj OC ydvw dzOte) od
Isiif' dzh ' ke OttdzOdzZOOdz MdlskzOydwdzr v JfMmdtdlsy

Z"' 0OOtedzOh r dzr v IO MmMr tdsOdzOteHT W Isd ' d3H ' dz'
mMOBOYYO Y OIsr Mk 3 D dzj Y rLrokzhr dzry CEtcfy
Hd OG tc Odzdz0 L Jtelslsj zce ] HJ 2" dzg* ) D dzd L J
IsOf Mr td3OdzOtcH " ter dzH Ok CjL " dzH j 6' B J dzfj dzr

: U\ A - menreiti
G Aeureﬁil Q ? g(z’l/iylﬂbl
5 OKyLwbl 3
3%
A- 3 oKywl
KANMbI: mB- 8 oKywsl
tQvil mC- SoKyws

8 8

S50 W B - penreiii
8 OKyLbl
50%
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DEVELOPING THE MUSICAL AND AESTHETIC
POTENTIAL GRJTURE MUSIC TEACHERS

D.M. Sharipova
Master's studenKazakh National University of Arts named afterBgiseitova,
Astana Kazakhstan

This article examines modern scientific and pedagogical approaches to
developing the professional and aesthetic potential of future music teachers in the
context of the modernization of higher pedagogical education and the implementation
of the nAdal Azamat o concept. Particul
national component, national artistic values, musical and creative activity, and the
creation of an educational environment conducive to the development of aesthetic
thinking, professional competence, spiritual and moral qualities, creative initiative,
and the comprehensive personal development of future music teachers.

Keywords:musical and aesthetic potential, future music teacher, professional
training, aesthetic education, ethnocultural component, national musical culture,
nAdal Azamat o concept, pedagogi cal Mo C
development

Kazakhstan's modern education system is focused on developing individuals
possessing not only professional competencies but also high moral and ethical
gualities. The AnAdal Azamato concept, i
of Kazakhstan, plays a key role in this process toddy The A Adal Az
program is based on three principles: honest work, quality education, and
responsibility. For future music teachers, this concept has high moral and ethical
significance, as they are transmitters of these values.

A teacher, as AAdal Azamat o, mu st
schoolchildren through national musical culture, set a personal example of ethical
integrity and aesthetic taste, and ensure continuity across generations by carefully
preserving cultural heritage. The connection between aesthetic potential and this
program i s obvious: It I's I mpossi bl e t
developed sense of beauty, without the ability to empathize with high art and
distinguish true spiritual valuegoim the surrogates of mass culture. An honest
citizenteacher understands that music is a powerful means of influencing the
subconscious, and it must be used responsibly. If we examine the program's trinity
(conscience, labor, justice), a music teacher must see the potential in every child,
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regardless of their natur al abilities.
which in music is manifested through empathy while listening to musical works [1].
The #fHAAdal Azamat o program places great ¢

development of the younger generation. Developing a music teacher's musical and
aesthetic potential is impossible without cultivating critical thinking. A music
teacher, as AnAdal Azamat o, mu s t t each
distinguish true art from temporary fads, thereby protecting the spiritual sovereignty
of the individual. A modern music teacher is a versatile specialist, their
responsibilities extending far beyond a fefitye-minute lesson. They are
simultaneously a performing musician, educational psychologist, conductor,
organizer, manager, and digital harmony specialist. They are a specialist who masters
both the instrument and the voice, who is able to connect with a child's emotional
world, and who is able to unite a creative team using modern technologies to create
media content. In this diversity of roles, their aesthetic potential serves as the
connecting link. Without it, professionalism becomes a mechanical performance of a
function. Aesthetic development allows a teacher to see music not simply as
Ateaching material o0, but as an instr ume

The musicakesthetic potential of a future music teacher is an integrative
personality trait that combines a system of knowledge about musical art, developed
artistic abilities, value orientations, and a willingness to creatively develop [2]. It
includes emotional responsiveness, which helps subtly perceive and convey the
nuances of students' musical images. Aesthetic erudition is also essential, which
entails a deep knowledge of the history of music, theory, and philosophy of art,
creative activitythat is, the need to create new meanings in the interpretation of
musical worksas well as the presence of high artistic taste, which allows for the
analysis of contemporary musical phenomena. Before considering the conditions for
the development of a music teacher, it is necessary to uncover the internal structure of
the concepaentfhdmusi g@atdtenti al 0. |l n mode
is viewed not as a static set of knowledge [3], but as a system of hidden capabilities
that must be relevant.

Aesthetic erudition is essential, encompassing a deep knowledge of music
history, art theory, and philosophy, creative activitie need to create new meanings
in interpreting musical workss well as a high artistic taste that allows for the
analysis of contemporary musical phenomena. Before considering the conditions for
developing a music teacher, it is necessary to unravel the internal structure of the
concept efesitrwediicalpotenti al 0. |l n moder
viewed not as atatic set of knowledge [3], but as a system of hidden capabilities that
must be actualized during university education. It is important to understand that a
teacher's musical potential differs from that of a performing artist. While the
performer's goal is technical perfection of interpretation, for a music teacher,
potential is primarily a communication tool. A teacher's aesthetic potential must have
a pedagogi cal focus. This means that 1
possesses the ability samplify the complex, making high art accessible to students
without losing its aesthetic essence [3]. The core of potential is aesthetic

121



Actual problems of modern scieng@026

consciousness, which includes a music teacher's musical and aesthetic taste, which
implies their ability to recognize true masterpieces, an aesthetic ideal, and a concept
of what a harmonious person should be and the role music plays in creating it. A
music teacher with a deep inner world and the capacity for aesthetic experience is
less susceptible to professional burnout. For them, music becomes not only work but
also a resource for recuperation, a way to harmonize their own psychological state,
which they subsequently pass on to their students.

The development of musical and aesthetic potential is impossible in a vacuum.
Aspiring music teachers must create an environment that will nurture their creative
growth. If we draw an analogy with a plant that requires light, water, and vitamins,
then for a music teacher, these vitamins are information richness, practical activity,
and creative freedom. The primary condition of this system is the creation of a multi
artistic environment during education, where musical art is not studied in isolation,
but enters into a continuous dialogue with painting, literature, and theater. In this
context, learning takes on an eventful character, where each lesson becomes an act o
co-creation for the future music teacher, and the student's aesthetic experience is
enriched through the constant juxtaposition of various artistic languages and styles.

The integration of the national ethnocultural code into the educational process
Is a crucial factor in the development of musical and aesthetic potential. For future
music teachers, this is fundamental, as it ensures a connection between times and the
continuity of generations. Immersion in the philosophy of steppe music and direct
interaction with traditional heritage through the study of kuys and songwriting not
only broadens musical horizons but also develops a deep core of values. This process
il's directly |Iinked to the state progra
an awareness of one's roots and a responsible personality. Thus, ethnocultural
potential becomes the foundation of professional identity, allowing future music
teachers to act as spiritual mentors [1]. At the same time, in today's environment, the
need for technological transformation of the educational process cannot be ignored.
Digitalization of education is crucial, serving not as a formal requirement of the
times, but as a powerful means of expanding students' aesthetic potential. A
prerequisite for the successful development of musical and aesthetic potential is
fluency in digital toolsfrom music editors to multimedia platforms. The music
teacher of tomorrow must be able to create {gghlity artistic content that will be
aesthetically appealing to the next generation.

The synthesis of traditional academic methods and innovative technologies
enables future specialists to be competitive, transforming the digital space into a
platform for the transmission of high art. Particular attention in the development of
musical and aesthetic potential should be given to the implementation of the principle
of studentcenteredness and the creation of an atmosphere of psychological freedom.
Aesthetic development is effective only when students are active participants in their
education, empowered to choose their own trajectory and engage in creative
experimentation. Only by comprehensively providing these pedagogical conditions
within the university is it possible to train a new type of music te&dehgarmonious,
spiritually rich professional capable of realizing lofty ideals [8; 12].
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Deepening our understanding of the professional development of music
teachers, we inevitably come to the conclusion that the ethnocultural component is
not simply a supplement to education, but its core meaning. Ethnocultural aesthetic
potential is a complex system that includes not only knowledge of musical folklore
but also an wunderstanding of the figen:
teacher, this means the ability to perceive music as part of a worldview, where every
sound of a national instrument carries information about the values, history, and spirit
of a people. A deeper level of ethnocultural potential is manifested in the ability to
Afaesthetically translatedo. We understar
trends, and traditional music may seem distant. This is where the teacher's musical
and aesthetic potential comes into play: their task is to find ways to present the
material so that national heritage resonates with the feelings of the modern child. This
requires a high level of creativity from the future music teacher. At university, this is
realized through the creation of educational projects. Ethnocultural musical and
aesthetic potential is a living resource that is constantly renewed, developing the
teacher's ability to be contemporary while remaining true to their roots [9; 11; 13].

A music teacher's musical and aesthetic knowledge, skills, and abilities become
an important factor in the development of their artistic taste and professional
competence. Moreover, the process of their development is based on a
comprehensive approach, presupposing the interrelationship between theoretical
training (studying the fundamentals of music theory), performance activities (singing,
playing instruments), and practical mastery of national material [2; 9]. This
integration ensures the integrity of music education and the consistent development
of the professional qualities of future music teachers.

Today, the reliance on the AAdal Az a
on the achievements of ethnopedagogy, which views folk culture as a source of
educational potential. Research by Russian scholars (Zharykbaev K.B., Koyshibaev
K.K., Kurmanalina S.A., Tabyldiev A.) [9; 10; 12; 13] prove that the inclusion of
elements of traditional art in the educational process promotes not only the
acquisition of knowledge but also the formation of a vdlased attitude toward the
spiritual heritage of the people and the development of the musical and aesthetic
potential of future music teachers.

Various types of musical activities play an important role in enhancing the
musical and aesthetic potential of future music teachers: listening to music and then
analyzing it, vocal and choral performance, playing folk musical instruments, as well
as elements of improvisation and creative interpretation of national works. These
activities contribute not only to the development of performance skills but also to the
development of emotional and imaginative thinking, musical and aesthetic potential,
and aesthetic perception [5, 6].

Equally significant is the use of pedagogical technologies aimed at activating
students' creative activity: projelodsed learning, research, problbased learning,
and the use of improvisational tasks based on folk musical material. This allows
students not only to reproduce but also to creatively reinterpret ethnocultural heritage.
Developing the musical and aesthetic potential of future music teachers is not an
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automatic process; it requires active participation from the student. If ethnoculture is
our roots, then practical steps are the vitamins that help professionalism grow [2]. It's
essential to develop a muéitistic outlook; teachers shouldn't limit themselves to
sound alone. To develop deep potential, they must constantly nurture themselves with
other arts. At university, this requires creating integrated projects where students can
explore the synthesis of arts, for example, selecting musical accompaniments for
poetry or creating video art based on classical music. Today, it's impossible to
imagine developing a future music teacher's musical and aesthetic potential without
students' digital literacy. Aspiring music teachers need to be proficient in music
editors, arrangement programs, and video editing. These aren't just technical skills;
they require a way to make music accessible and visually appealing to today's
children. Potential can't be developed in the quiet of a classroom. One must
constantly engage with audientparticipate in concerts, volunteer projects, and give
lectures. And, of course, constant reflection and-eslfcation are essential.
Aesthetic potential is a living process. Students must be encouraged to constantly
analyze themselves. Only a music teacher who is constantly learning and discovering
new things can inspire their students to do the same. In summary, developing the
musical and aesthetic potential of a future music teacher is a complex and
multifaceted process. In a modern university setting, it combines respect for national
roots, mastery of the latest technologies, and the development of a strong civic
responsibility in the spirit of t he i
ethnocultural foundation provides teachers with the necessary spiritual support, while
modern teaching methods and creative freedom enable this potential to be fully
realized. Today's music teachers are more than just imparters of musical notation;
they are cultural leaders with a high musical and aesthetic potential who shape the
tastes and inner world of the younger generation. Only by combining a deep
understanding of traditions and an openness to innovation can a future music teacher
become a true professional, capable of nurturing harmonious, honest, and spiritually
rich individuals in schoolchildren. It is precisely this contribution of the future music
teacher that will guarantee the prosperity of culture and the preservation of the
national code in the future [1, 11, 13].
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dz" tc, Y steDOkh T L dzjteeadw Oty dz@ Y Jilb¢T Lkcj
CeECIsj dgé X pidgj" M@E'l ARt s d dzO dzOte™ dzH © Y OL Oy  d3¢
OQdz0 BJAdzjm" CeECIjd3 Bidz vy ddd L G' dzH j t6° Oz

cHBO?2 CECISjdBe Npdaj cHMkO2 yYrfme Hdflsdr®
DQJdZ Ote:cllsq’u’lsthOd#O\dszl ¢ 1D d Y ' dz
W dsmesWdwd ¢y IskrdH' Bd § SOBT &ZOHT .

BjLcE dzHjte' d2 W lkOBdod yqSd d3j dz B O2 &zOd
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2 dzj o' sdpdg iz, OdzOdz" ¥ BOMIsOEZHT W twEdZ dz2 3D
fMfBo scdzHr ¢y Is' dzdgj dz N JIsC L jH" . rdylsdrls’ w
sBteOL" dzZHO Mkt jIsh Y OvwOotklz, Is" teh " dz' CIs" w
YEOIT fdwyl' "Df BHOGH' OdH'™ WO' Y OlOteD
BJd2de ' dz' W seEB jfMm" dzH j G a2 L sl tc € d
5OBdOUOII' W st dzifr &8 SHh' ' dz, SESIKjdBBE" OWU
AtsdzH OD'" MO, dzy " L7 dz ypdzj S EG' dzH ' tE dopjfifls j
NN2jMm dz jfm¢ jC EKNsh'dielz’ w Y EZOlsT 3y dz " dzlz " dz
s"100Od doL'C Bj2dd ‘hC' kOLOBLE, wLkRfjd
CeEtc’ d2° m" . [dzr'w hOhr dzrw B"ISOY ISDtG L H

OzoOh Yy Blte' dz Bj22dzjdzj2H' . oz HdflsdRlk' w
SBGOLM dzHO 0OdzOdz" ¥ BOMISOEZH"™ W Il dzH j d3 B OMY (
Isr dzipr o3 Isr dz" hIsTy §jdz HOdzOdz" v BJ 2 dzj dzj dzG 4
fMsBHOd §, Y 'l BjLe & dz w MOB' tedr IsOB T
CdJLju dz v WddasfdaswWopwod'y dioy Isnftf jdz ¢E BC,
stcOlz IsOL Odzr YIsT W, twkrOded YBstDOdz hilsr w xbD
Bj2dzgj H] "1d8BO2 OO SlLjlkzh", ysttODOEhr , Isi
sdzr ¥ Dodzj dgH WH I€Jsfj "MIsOf Isvtekzhr yYEOI jG&j
kjtejWH' €Cj ©td CES §fOdkdlstt® Y fmyr bpdj ks

sOL OtclsOIsr dz Snh " d H]J HDAd YjkS'LjH". r dt
dHJWw D2jdz BOMISOE" dzZ W IsOBJdOd DOdzj d3gd3j dz Is "
ts to dz’ 3 D dzj iy W sz iy & MOB OY IsOMiIsE g tcH ‘¢cw
skzr dzlzr ¥ Oter yiIsrw Cnhje 3y dz Y OwDrntelz f
IsT dzr hilsry, yYtsteDOdz i), Ibtsyr tOkz Otyr dz@ ) OWC
[ M &z02h O, mMztcj Ish D2jd BBGOL'd Isj¢ od
Bsdzdzr misr w 11 2dzj m" d@3' dz MOy IsO2Is' dz, sOB dD O
OterniIsdfls" ¢ Cnh tjls" dHy CEeEtGMjIsiH" . N dzO2
HIldzd j IsOdzr d3" dzH OD" D2 jdz BBpdz' dz' W Is"IsOfMmisr O
tcE dz' dz, tclz 7 Odzd ¥ D dzj HIOE d O @3] HoddB)IsdEs to A2 teYO fr
OQ2YyY'" dzH O2 H T . r dfilsdn Yy oL OY BgW sdzcedw mr

BJj2dzj M' dzg' v BOW' L " dz, l'sdzr Mddgo sdzn ™ v,

BOD " dzOM" dz Y OwWO CEtC j d3H ' HJWGEj2H] Ohr

BODOM&ZOAdZOH ' . 513d31]’15Lduq’ X" dBMOY MmMroLryls

N¥rdzr bkinfmsjteH' w BOMr & |311~:dzlzr sfmr OdzOdz" Y

Wsdz! Cdzste” dzgH O D2 jdz Bj22dzim’ J S 3OYIr Mmdi
r

OHO&ZH' VIsT VW, BZO- OB B OIS W fdd3e sdz' . ( €' dz
BO2 &zOdz" iIsr, h jCeOtOdz Y Cjw MIs' Cls"w dJfm'.
T 1 0OwWdz M dzz &,z sgaff Dadge dz 4 " tcdzOtc" dzH OD ' D2 j dzH
I MlsjlsdCOdzr' Y dHjJOdZHT W YOdzr fIsOfmEkzr dzO dzj ¢ ' L
OV dzH"™ dz" Y Is' W, mMOB" tc d3djdz BJjtc" CIs' CIs* W 1lc
E dzj to' dzH j B"dz ®BBtOLHOt "dislsr y Cd' &3 + dz
Csdzstedls Oty r dzf O2Y " dzH OzOH " . c2jdzn’" w "y
LIsdetsctcOW dWw dzr v HJ IsOdz J d&3d M, tclzr Odzed IsOL
BJ dzG "diff ' d3j dg sy OlIsOtc Yy OL OY BJW sdtsecdw M’ dzH © H
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QJW Is Otc ©0 O dz. [rMsOdz € j B * ts, r O dzdzC
" Cjtedzj to nOdzr yIsT W Yytstey ' dgr hr d34 dz
Jj dzj 2 H ' . Il "z BBtGOLHOt BJj22dzi dzj & E dzj
JM¢ 1 dzj fzgj dzlslsjte* Otoyr dzr Bjte" dzjH' . ©
ot dz D2jd HJj Bsdd ¢ Oidzr P dzds@®iAc QL H © i Y W
geils* ¢ yu"Bryrylrwv, Ddzj BH J t6 OtcOMm" dz B
tcH' Mmr dzOkhr Cj2 ' fCjteH" W Mdf OllsOter dz
JadkB ' o Odzj dzlsils' dz' 6 ' dg, sde” W BOG dw d3d dz,
demeted Mind W) Xopdzgj vy"fdw MOStOdzH' B
C dzstedz Y 3D Is® dzH J toH J r OdzdzOkz" L CJ BY " &
Msdzr &3j dz B ' tccj EIsf jdz' tdlskzOdzH Oted3j
Qilsr dz ddzedydoOoydwdzry nHjte" Misjtodsj dz MO
]
[ 1L jdaOdatsols™ W [rMmlsOdz Cj 3" o Iskz' d
Odzr' v Jjtlsje' dzjte' dzH j G° BIW sdzse d W dz
Is@ sd¢Odzr'y BJ2dad iy’ BJjt6" dzgJdz. 11l
fdzfpr i3 Snh Sy di,  dd dze’ B' dz' d3
mdyr te, H OdzOdz" Y 3 D dzj W sdz! € dzt
. sbBftsLdydwdy ¥ BtelsOMmr dzh © [ 1 |
Mpdz jwe'"h Cj2"f¢Ilsj BY 2dzj dzj dzG j dz
rto dzr Btsd2dzizHnO Xz r O2 Yo woOr dzr w Ofglsr dzH © Is
Ddzj dgdz' W OtOMm" dzH O Is"tc0DOdz" dz B' dzH ' toj Is' dz
stcOdzr f I"tcDOdz O2 &BOEdw dijdz vy"fdqwder w B
iB" o dg, hrorwyr dj$¢, MmMpdz BNShdejdz Hj dzj
1Oy CJ 2 'flCLj'tedaH j¥ IBjjls L "dzr dgH" ¥ Jj B M, O
HOdzOdzr Y BO2YOdZOHT . ¢(dzDO YOO yYytLDOdM {
Dty Gl NMmls" dHj JEjdg dz B dzh t6jH" . ¢MOMT
BJj dzc ' Mms" i3@ tdaz@telz' fiyd Wo'd sz O dzH Otedzj dz B ©O2 dzOdzr )
heEfls] te, Is" dizOtc dzO tc, mMdy " tedz L Olsls Otds i@y Is C
Cd' &3 YOE®W S Bftc d3dgdz WOdsOMmisd S Odzr vy + dzj
YddzB g cjdz hOhISOter 3y dz dzj dzls OdzOte YSL D
sdzdzr W Y 5 Cludzcg' dz > D dzj CEGC sl ils j to l
sOdedz" W Cd" 3" dgHj e Ohry yr oL dz, xOfgr dz
i, CELG] B ' toH j dz stllcﬁfrjfteo[iHISufr]‘chmdzfﬁ]UszOw
fmr o3 D dzj d3dz' W ECtegzu ' . J C§ tzl gzadzn @dztEm IS T
fr]lstGqu’ dzOtcr dzO Ispdz Y Oty dzH'"™ O, G tsdzls:
JwejShjdz Clsj te’ : d 0" dzsin Odz rmno g
OdzOHr:Gt@;OWo[QOdzfy dzOy Ist dzr Yy, O2YyY " dz
ClsjteH Y 5 dzH O dzlz Wisdz Cdzstedzr v W OdzlsOL
m
d
s
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dzr . r"dzH" LHOt thknsOdzd D dzj di3d3j dz BE @A) dx(
Bjdz Is" dzipr &3 HINNdzed j dz' W OtcOMmr . rrtelsr y
c'e Cj2'YfCjtc tjls' dgH j G mMdf Olsr . v "d
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dz¥
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dzJ
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Y "teOdzH Ote” dz € Otglsd dzOH OO frMmMlsOdz € B " to Is

BoHjdd NOHT dzr W Bj2dzifp", Wod Cdsted ¥ Ot
tczrlsOtc Ddzj d3' dz2' W OttOMmr dzH OO HJjdEZHOAZ. 71 1L
Cjls' dzij ©DOdO jBjfM, ClHjd , bkjtjw, &C

s fmlsj te, ElSC '  tc -fORP Y IsCtasBYf BOFE QRO dz' Y h jh
mMkztcj Ish Y Oy mr dzr y fjdz YOBRBOdzHT VIsr v, ¥ Ot

ClhtedmM" dz2 GCeEteMmjliIsy H . [ | Bsdesdzse W dz' Y D2J
h jCOttOdzr O2Y" dzH O2IsT dz Mddosdz tejIs' dgHj Y ' |
Msd3H OdzDOdz D2 j dz BJ?dZJfr] HJ Y OLOY Edz tc°
f OlshO2rd3 jtdz ¢ fjdz BOIs todzr YIsr w fd d3o sd
NOwOIsr &z fyp difm’ Jdifm, Jdz ISOOHTtrdz hjhj
1 j2daj dzj 2 E dgj o' dzH § s sd3dtedm BJ2dej M° G)S)B
O2Y" dz Mddzzi Is Oty r dzr -yEOJet® Ydzj HOIs Df B'LAZHAEH J Yo

L dzj d3j delslsjtc IsOteded dzOYIsr dz' Y f4ddz WIS’ Q
BOIs" tedz" ¥ S jdzBjls' Y OL OY dipjHYHI2]Cjlds * vdzHSjEGdz] ¢
CeteMmjIsjH" . dOr &3 Odz [ NL jdzm Odetso Is™ v cCuU
f Olsh ©Q2r &3 YOk dzr w BOM"r dz2 "MlsOY , Y OB Ot dzr
[dz' W 02d20dzZOM" dzHO® s L j BUNSC jdz )Y OkdzOte d3j
YJd W Mmisja NMisj d3H' ¢" dz2 SEteMjIsiH". wOdzsOdz
D2 j dHOXMOtedz" YIsr w MdEkatgdets.H sBORWB Of'dzO "
fjd ¢jJ¢ OdzznHrw BjdzZe' ' . DOHBE, MOdzy'r d tj\
Odzlsr dz2 sl flsj to Bddz' € fjdz Jjtdz CIs' B ' dzH
BOIs' tedz" D' dg, "dzlslsr Yy tekralrw Cunhtdz O02hr vyl
MM DOOfmr tcHODT Y OL OY Bj2dzj dzj z E dzgj to' dzH §
stsdz" ylIs' . sJwuigmls" ¢ C€JLJjJWH] D2]jd jwsBjGc' .,
D2 B tcOL HOtG!T CJw dzggdz CEt' dz' M sOf IsrT .

ELGjtc' flgjdtép 'daw’ Y OIsr fqehr M tjls' dnj Bj2
Ol jlsdfls' S dagje' L bksd vy 3527 ZoOdz YV .

Bj22dzj dzj Hj "dzlslsry dzOYT" hilsr HDMIsIl tcd' md
Etodzg] Cls" tcd3r Misr vy L OlslsOts, Cd' &3 Ildzg "' dzj to° (
hrdgHry B 't SIs'" t6' dzH' . stdzstedMmisds Odzr vy h j!
OhEZHO BOWT L HT tceEdz Olsy OtcOHT . rrodzr Is 1l
3y 2" to' dBH " dz' CIs° B' dzH ' tofyj , CEG" dzH ' t6 ) D dzj
dHjvwimrdz CeteMmjlilsjH" . Drordz snfm ed3d to 1 dzj to
YOts@Mmis' w BOM" &3 Btsdzkr IstcOG jHIW dzr v dzj d3d M,
[Mr ZzO2h O Isifp Isj¢ 1MlsjlsdsSOdzr v 1 dzj d3j dals j c
JIsdH' s sLdydqwdzr Y Is"teDr HOdz D2 dz BJ 2¢C
sdz" W BlsBOMmr &jdz YSODOdRH OO0 &BOW" L dz B dzH
CJVY HOZO Wtde dzH O CEtGMjls  dzjH' . |1 OdzO Cjw
fnd dzo s dzr c2jdz BBjdz sOBJdODOIslsrw B' t6 Ctsd3f
BOMOEZ JC¢jdg' dz oBd WL J2H" . I ndz hjhpdE@ey Ol
Ctsdzyd fIs' m' dzy 11 dzH § fr]JH‘.

[clsj & fd=idsr y Q4d31]’ GH' W Bj2dz f' dz iy OMOL
i dzG' CBPUEOEC JCfels YT LHTW N2 dHj BN OCkOD
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YL od mwd (Op@erdagelgrd "daydd mi s
Gjdz Islils® dgH CEty H' HJ , s dz >|0
rdzOdz hryyodz Isiils’ dz dZJd34|fr]Q44d3u’frjm-|
J dz. n?2 ‘h'dZHJ B'te CjdB tc tsls'ts
f, CJdi3f teHjdz Bl MEztO2HT . b dz
OkzmMOODr dzOdz dzi Is* L jfM' dzgj &z ( B Oz
BBDY Bl BGAZOH' , CIBYf " L6 BBEZNO !
BSdZOHT €& . gy jls Cjdif todzjte IskztcOd
j Isj¢ Bjdze' &z B't M yjlslsjtc Is
B' L M dzH02 C020dkz0Odzs © M5 3 j |

—:o T Qe ¢
5 &85 0
5 g0 "§
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rgQG T T _OrT PO © G
T O0Om
3.3 W
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OdzOdzl W B diD . Ols¢g 1 d B8 dzOIls dBwBOBOE |
BO2 zOdz' fls" .o @ Cjdzj, Gz ~Od Y

. BBOZOY OdzO E L Dtsy O tolkzr dzOdg, sl
if)° BB®ROOd cfvterdz OfOR L €' Rl W
ils Bjt' dzj H'T D fCOYdsT dj Ishp DR @Ok dH ' W
2O Odz "t OY JH'. [ OYIr dz ¢iwy@dd v
W pfMCjte BOMr BsdkOOdz cdd ' BOdz ]
EOHT . cdd f" &3Odz EL' ytste" YYO CjIsC j dzH j
OUs'OEA tOH' . cCjf' MO’ MsOdz GttO&iO22 H
Orf Edzs' tejH' . 1"teddkzO [OYIST & dOL OB d3j
Ok®HI[ 3, 9 B.].

50L ' @BOLROL] yOLOY fktjlsh' djte' b2jd
YOtOMmIsr o @H jtedz & IsjwWH' ¢, p2jdzH' ¥ YO
d&sp M dzj dzj to° hr DOtedgOh r dzr vy "LHJd MiIsjtea

BIWsdksedwd ¢V OtljlsdflsjteH’ HjCdfmstekzs yd:
nhlsOfMis! tPBIsdy jMm' dzHj HDMIisHte & dz BsHj dz
Bdg2dz ' Jdzn' s & 4 Misjlsd odiaizty f tdd of@irtz Y § ds
IsOfMmr BOdzH Okzh r r dzO0 WAEAAHRHSTte.dzr ¥ JWdlg 6 L H ] G
IsOdzH O Iz " dzlsilsr Yy EL ' dzH ' € N O dzO dz' s ' dzlz ¢ |

"0— N W
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Yy sOOdgllzr rkOdzd ©2dzOMr . c2jdz Owernildyf’ Otyr d
BstcOdz! HT Y Y"dgH" dzf YIsOter , IsOted = d Ispy ' tod
Edzj o' mHjjdz' Is" dzoOfr EZOyr s ElSjdz MO2" dz EL «
su{gs: & dz' ER 8 &jd khOddwiklsrw BOf
Dtste’ IsT dzilDR RO D dzH O, YOLOY BJ2dzj dzjlz Edzj t6° ¢
Wisdzt € dztstedzr Y CEte" dz' M’ CEfyOBOIIIsT N BBC

Comdiisesdzdww dzr v, 1 §fdC0Odzr vy, IkOttdrmrd Y bDdaj DI

c2jplzte d3dj L e dznj 0Odz0O, BOIsT tg, Oz, HOdzO,

sdzf "dzlsls' Yy dB3BbHjdzdjIsls® w pDd3BJ BOY Mdd3e tsdzf c
1 O2 HOWOdz" oD Odz DHJBdJIslsj to

1 cL "tBOj o s. ¢vwprul O flO@®eZ, M d3ipdhy 90 dzO: [ dzts
200011348 B.
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2r 22 fij dw’r L ¢dPQtedz OB T QLimlOAz0: 20&7dz§ @ Gzls B .
3 DHDOLOY IsOtedn'’ dzH OO D2jdzH | to: Is ©dz" d3H

D Stc OBIORBOIST , ¢dp200ds Bel14HOMFO N2°', 2016.

4 H0OLOY rO0 dzHrDr s fmr dzH OO0 £ Odzr BBHOt ¢
spy ‘" todB j dz' € sdaV j o] dzydvw BOIj ted OB B®dzO/
C A Sted30 1msme E@YgOmr, 2015.

5 0OMyOBOMBe 4. DOL @pddzOws ' = O dz™ ¥z2 i3t s 11 €
B .

6 [ OtcO" d&zOdz c . [ Yddze' "t OWU' LHOt: 17
t. 1 jadai®jss : r OLIBM6'8, BL985.

7 OBdzH'" BO2 4. PtcD" YOL OY RBIWtsddaztscidw mr
¢ dzdzOIsr : ¢ ¢otcr Mmel 1BOCHDY &BMr , 2024
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111 vB.67.91
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s — s~ s " s

¢. | OdzyJ o
[ OedMmMlstcOdzls, sOLORMEOW dzOyd sdzOdz dzOWY OF OH J ¢
€. ¢ kKOl

#lsOls' w tOMMd3OIstedo Ojls, COC o MmMtsotej digj ¢
B de¥ jIsmw  feswimhdY ixdmmy 6O § sHAI- 8 dzd ™
d dzfistcz d3j dzls s 9 , ftej ftcsHOSCHh dZO d detse’™ = f tot
o dzd ZOIdzf Y tcj nsH tsls IcOHdyYydsdzdese s ff s5dzd ZO
1 CtlcOdzlzsets 9" MEOL " 90dzd™Y & cdBtedHdzs?2  tots)
SHdSotcj dzgj dzedets tcOBBISOjIs M "REuHtyjMise jdader 3
ftesyj MmO, ©jrddit?2, §jHOEEdEt?2 d d&j HJC

[MtsBts] o ded 3Odzd j A dizfmjs sz digitisvasktiow, ¢ OC
U'tGJUtGISHOthZ Hisfiskz{ dzts s - fn remtadglsy YWdasjcda] j &
My c® &Bjdwels Mftsmtse’ ffsHeslksoaCd (d
1l O0dokzdLdlzjlsmw, C0OS¢ dzOydtsdzOdz dg
Cls, fsoiHidd] fJjthmMtsdOyj?2, mMsyd o

Ckzdz skztedzze f OdBWIs: d wiLr ¢ Wddz2 &30.
IsOls! j dmf sdz' L zj Ismw ftesW j M dis dzO dz
ftcjtf sHOo0 Ols j dzw tejydmmEzter
Yy 6O d3ts dzls O ARG Fentaks ) dgs™» Ofstg diaigj tcj 1 Ists:
stcd o Oj Ismw, ¢cOo¢ mMtse Mise j dzdzOW Isj mC
Gz Bj dzstsd3 botsteyd ME 52 MOoORsMissWIs j dz! dz
Cddesmtf J yqodz! desfmlsi 2 d tcOL 9 dlIsc
OjIsmw 9oroatsH, yYbts © yYydqhWttsebks 1 fsakz ¢
ssdz! €5 9 tMotsjdedd detsor n Isjndzesdztsed?
rfmzsdz, wLrCosds Wddzr @30, Mj BOdzes 52 € OH
sdz¥ uJor g G d@my chs OW wilzdsCydw, Y
dsftesdL o sHMise 5 s OL On Mils OdzO, md B3O dzls d ¢
dztsh j dzd 4  dzOy d ®BdzOigital detwidiasy, ¢ $ @ §f tc =hatd ¢ h dz,
dzj ded § tej 3 d My 6O j >edifgfipte'dzOY d3s5H j dz!
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AdWtcso OW 1 §fs00 fkh jfhlse jdedzts L d3j dzd c

tQJ>|o[fnfr]ytsO 9 Mtsotcj d3j dedesdz C ddetsf totsd L © SH Ml
eidmmy 6 ©WOMMBOISLLds Odmnw ftedHJ ofMmjct
o' MCOLT 90dzgdY d §tsMmMlsOdatsoh ¢ 1 CtcOdedatsets |
MlsOdeso dlsmw L dzOydlilsj dz' dets h dtc] . uy o tcj d3 dzd
OCIsY totsdz, COHtsd d d30[L(Ddzfnu4dztS? dzts d
ftoj ftesH OC-MdeBls § BOB], odL zOd @r%d g Wt
Isj mdetsdztse d v o3d Isd mded ud MS d d3 sBtclzH 5o Odzd
f zOIsW sted3d dzdzr dzd W tstedzOls © d3( .

Il kEfmazcodwWwr sOLORMISO®RZO {180 IttOdh¥ 5tcd3C
RMlssted yJ m< d Cddesf esdL atsHMIse s B dzts R
ctsmMikHOteMmise j dzdzr dzgd d3d -~ OdzdL 3O Y BHHJ ey & d
Isd -~ dzd € § d Mmdztsy dzts? MdMmlsj k2 Me dzOMBse Od
sOLOEMOd ¢[ Cddzj BOsscwOWYdde o 2019
stce Odzd L Oyd tsdzdz” | shdztso * slstcOfmdzd [ 1] . {
d demistelz d&3j dzls s o Y 9 fipleiigr Otlzd Py jotstaepfittsaad,n Miste d d
f zOSW st fdztAdzsc d2 d3d dgv jIs dai Istsdzr ¢t5 4 €t
Moz fteswjmMmds wixdmmy .o [ 8].

A j dz HOdzdzts 2 9 "nsdOdpls i, ¢ O¢ ydqWttser j
ddzhistclz d&3j datigr h dzy adechj af detser j ftetsdL otsHMmlse |
ftesW j Md sdzOdz! dzz 6 165 dz tcjydmMmMy c® o s0OLC
wipr o ¢€ddss My BOdzlsd S 2 dzOydsdzOdz! dese s ¢ 5
md3r fmdzts d3. 1BJJQIslsd3 dimmdzj Hise Odzedw o' Miskzyf C
SOLORMOdZO o EkfmMdztcedwra yYdWtotse 52 Is tc © dzfy W
W dzw j Isfyw dL d3d dzd dzd J ftotsW J Mid 5 dzO dz! dats 2 \
ydWteser n ddemstclzdzj dzlstse dz0 Wstedddtctso Oded j
L CtoOdzdletsets o5 dztsh jdzgdW d2OydosdzOdz! dzsgts G SHC

[ jsHBdEZtEed Yy MS 28 shdsokz MlsOls: d Ml
McOo dzadIsj dz' dzr s B EsH, | Sz Wjdzlsr Oolstsi Isdes @t
COyjmseaj 1 Bfdtcdyj MEitsets BOIsjted OdzO tOMmMmd
dbtolsy 3O | Odzyj o 0O C0OC twjxdmmy tcO, fjtcotsets
Bs dzls Oy O, ftcj] fsHOa Olsj dzv tojydMmmizter d tmd
fsLotdzY jIs mMsd Hddzd Is dzO z ydzr 2 O dzO dzd L
ftoesdL otHMlse | dzdesets ftetsyj MhO.

tdxndmmy emcoOv fJeshjmhdy o sOLOnMsOd
Mse jIsMC 52 MiskzH d?2 dats 2 mMdMmisj d3r , GHJ ftotsd
CtsfkzH OtcMmlise j dadz" o3 f zOdzd tetso Odzd j o3, toj HO
ddzimisdlszyd tsdzOdz' dzr o3 Csdzlstetsdzj O3 [ 2] . - R MM
COLOrMIsOdME BG s ¢ d dzts fsHYY eC do O8 Is, Y lst
fesdmMrBHddizs o dzzlsted Mmdztsy dzr = tslsdztsh § dzd 2
nZHBY jMise j dzades? MOBsMistswilsj dz? desfmis: ¥ d dH
sOCts?2 MmMdMmlsj &3y tjyxdmmy o tsBd&ZOHOdz L dOydlsj
jes W jmMihdsdzOdz dzOw fMeosBBHO BN &ZO 6
dHj sdzscdud Ms ddi3d ttORE OB .
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1 sfdzj "1 X¥WHBS tojydmmy emMCOv WEdS ydw d
1 Csdesdzd € O, Yofmilsdzr j ftotsHE MjtemMC d 4 C s Oc
Codigdzj eyj MS d2 ftosC Ol ML HOdzd dtser j Iz )
s¢C OL Odzmw 3 Y HEz dzj MC sdzr € d d&3qd BtsH j dzv dzd
IsjdzjodL dtsdadets?2, W Jj Ml dees@azodzedisd j fipjlzts 8 d i dzts
teidmmy 6 MtsatcOdw jIs MIsOIskm ~"EkzHtyded € O, W
or MeOLT 9 Odzd J . ] Ctsdgdzj ey MEtsd3 d IsjdzjodlL
or ff sdzdav j Is W Iz dzC ynchtn a e ro:d u dsticicdmzd L 2 j Is mi
tcOBBISOjIs 8 GORCOr fBHEMJteMEB2 L OHOYJ,
]l Mtotcj d3j dedets?2 HtotsdL o sHMise j dadets?2 Mmtej H J
Eiiss2yde " 3. tixdmmyte kxyj daj Bsyxjls Ml
Hisdzy jJ dz2 f sded B3OIs! dzse Sk ftoj ftcsHOCh dzO, st
B dzls Oy O, Yo j ssC stetej C yddddIs tc W& Xdzlstsp o 2§ O, \
ftctsHo dy J dedWw. Il sLddCOjls cdBtedH dZOY dsH | d
o' Mz OjIs Hdsotej di3j dzgdes 0Oo Isstctsds, stc6 Ods
i dydOodzd mis sd3, By HJOLBEEESR B IHE Yd nOC
Iso j dzdesfylsd L © W ddz' 3.
tcOCIsdCj 1l CtedLdm ftotswedzw jlsmw
d dzd d . -f §gpfdgnBie tlse j yOjls L O M3 M
f sdzd BOIs! co¢ 1 Istsls Mmd3r Mdz BEZHJ
, stce Odzd L s9 Odz UtGISdLSISHfr]ISSJdZ
dlsOQteOW BsH J dz' , 9 C(Blttts? to
s

9.
G)UT
-

TR~ °

=
N
o

s 4 Mise J dadz" 2 tczCtsotsHdIsj dz'
dzse s ftesdL otsHMIse O. 1 59 OW 3
Ef cOo dzw Is ! dzfj bdz ¢t Iseatsteyy M
tcjydMmmy tc dzagj HBdzy jdz MisOdetse dIs+
GdzOo dz" 2 Mmd3r mMdz W ddz2 RO: LOYJ &
stswdzgdd HEGSdzyjdz BCOLOI! Mwv LtedIlsj dz d
otstedlIs’ .
AqWtctser j s rdzsdzsce dd dzOdB ts0z] | L Od3d Is
fjtedtsH. dj eGBHdY fMyJ dzOteds j o Otcd Odzlsr d
e § d3r me j 50O, fsHBBBte dscCOyd?2, ML HOdz]d J
tcOLtOBBISCO Misddzdmisd S d Bselzls o' {f sdzdgw Is
OO dzts G s 9 Iz 8- dzfif stElzdzj] dBd T f sLotsdzw e Is t6j )y dmmy
tcj L Jtco BOIsj tcd Odzts o RS Is j d3J W ddz 30, f tc
or MstcOdo Ols! HtojHOOtedIsjdz dzr 2 wL ¢ fHtetsy €Kk
ltejddzzh jmses ydWtetseadL Oydd LOC dzt yOJ Is
fsdMCO. tJiydmmytc fsdzzyojls otL B3ty desMmis!
dzs d ©GfJjttOlsdodzts ftetso jtowls! JeB odL EZzOd
reference pack, light scheme,-4le ner at ed concept art, pr
[ 9; 12] . Clks Mse | dzdzts 9 Oy dgts  H dzw dzd L
sctcOdzd yj dz@ BEHYJIs, otjdigy d HEsMmlskzy ¢ BIfSC
JHEOSB EMSttjddy dzgjfmyls d tdmc. 1 d3ts
ftcjyYH] oMmMjcets dzgg C0OC Oolststs, © ¢0¢ BT Ml

A C
A d
jd
¢d

ww&]]ﬁ_;&&

[H-Q—Q— N <%
S{EF T

fr]\
t

x
©)
(7}

FENSEFSFOFT+~FS &
STogo ina il
Q.

AFTEIIOCTIN G

134



- 'vh. "\\._/a""“ a m (’\_QZO‘\ZUGh
sy dets M sMmMisOoadls! dzj MEtsdzr S8 My dzOtedz” =
dlsyd dz¢ O, ftoctse jtodIs! Olsd31sfr] Jtk ftwsj ClsO
tctsB dzj d3lz . JHAZOC 8 dd3d dedets L H§ M)! otsL dzd ¢ O,
GJdzj tod totso Odadzts § ted N J dzd J BJL slsB stcO,
m
O

tcJ H dzy dzdz" 3. I Mot &g dzdz’ = dMMmdzj H 59 Odad

tcOCIsjtc Al o ¢ ddzts: sdz ftsorhOjls W
SHdsotcj d3j dzgdes MBLHOY Is tdMmME §lsjted 1 &3ty
COyYyi Mo O o jMmMlsoatseOdzedy d HtetsBdzj BZOIsSdL O
LIsts 5L dz2ZOyOjls dzi sBrtsHdBsMIs! dzfj ftsmiss ¢
d dzfis tc z d3j dzls s 3.

Il 1Issdz Sdelsj SMlsy Htoddeydf dOdz! des 9 Oy dzt
crdzv dzj dgv Tteljloim Mdglztc @ tc Qo dzj dzdj € OH tets s, C
fMsmisswdadj &3 Ledlsjdave (¢. 1 Odzy J-BEH J dAl
ftoj ftoesHOChdz d  dzOW sted3j dzdzOW dzsddS O d3j dz
LOHOYO tjydmmy O L OCdzt yoOjlsmw dzj o Istsds,
Istsdz, vyl MrtOddls! EftOodzj ddj MmMdr mdzts
d mMsmMisswdadd d3 L tedlsj dzvw .

Il sftesf dzOydsdzOdz! detsets SCtSHO o Cddets s Ol
dzgj hded 3 1 lsdesctcOW dyuj MSddz ftedL dzOC Od3: ¢ s
B' Iskz, BzL" COdz desdgz  ddslsdokz ddzd dhiststed y
9 0Oyde, des tsded dzgJ dMmydtefr 908 ls Md3r Mdztse 52
COLORrMsOdME 56 s ¢ d dzts fsHYY tCdo Oj smw,

Wstcdzdtcso Odedd Ckzdz sktedzs?2 OV iIsd, Oy d s«
Ctsdzdzj CIsdo detsc s O Bstytsdfd B pzde™ {z@ vy d tH5dz0 dB Jdzr
ZOoyd dz0j Ismw dzgj M BtedOBj dzsO d ¢ fMmist O,

CosdWdzdSIsj, C0O0¢C tsdz ddsdzydls, C0O0¢ lsdasdlIs v
zd ydzes gz o " Btstolz . Il st ssdsz ©sdz fteswedzvjlst
fJwmMsdzOy 42, MsydoOdz! dgz¥ B2/, tedlsds 594 f
[ 7 ; 10; 11; 12] . s 0C 5 f sdzd d30 dzd 4 f L
M BOdzelsdC 52 Cddets d tsBh j2 MdMmMlsj dgs2 1
g 1lsts?2 Istsy¢d Ltejddw {CtcOddetsy ofs
Ofmls’ & Cddesw L €O. J QoltstemMCsds € d
tczClskztcO: YjtejlL Bs dzyo0dzd § , ftecsmiste
dzW dzd CIs d3j Y H Iz dzq’udz,lsl) mMHn! Bts?2 d dhiststec
s dz2OydtsdzOdz’ dzr 2 CtsH yYyohj ortfssdzdvjls ¢
Cyds : sdz sBiMfJjydeOjls kL dzOs Oj d3gsmis+ .
b;@w f] wiLrCtsd, IteOHdydj2, Mmidj?2 dts?

Ct5j oL dzd ud dj BL@OYOjl, ybkt 68
Cddzs oMjcEHO cdkeyj. J[dts §&€
B3 BOIs§ ted Odzts 3. stdBdi3d tyud MEsy &
&2 wiLrg, BrBBSrJ CtsdW dzdClsr |
q dHOdzd W bolssteMC ) §ddes
Odz' dets?2 Bj sOWBSEE?2 [9; 12].
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Is ts, Ylstser ZOydtsdzOdz! dzr 2 CtH dzj ftoj otcON
MlsOdzso d dzqpw yOMmilss ¥ Mmj BOdzesd S d W ddzt RBO.
dtsotej d3j dzdztsy C OLORMisOdzMEts] Cddets OCIsd
Licdlsj dz MECd3  sdzj f swe dwe Isfmw - Stctetster
MsydOdz: dz@f | HEOdR , tjcecdtsdzOdz dz" | dMmlststed
¢ c¢crofmbite, csOLOAMEd] MisteOhdzr j - MCO
LOrMCdegcdazm P tcf Orn OBB OIS Bz tzOdzy O@W! L é°¢
dh OteOh ¢ d &, C O ztolz4ds OL dfizts dpizte Iz & dnjf ,ts dz fLikz & IS
dz' Iskztcdz 2 BOIs j tod O dz. [Hd2d W ddz 3 5B o C
dzdzj € Isd o dats 2 f O&Y Isg[r, skzy ki dcdfgtc iz, Md d&3j 2 dz
EsHMS B2 MEiH] d MydOd dts?2 IkttOo d3j .
JHddd dL 90 dzr »n ftodL GOS8 yYdWtctse ts2
HsfMskzf O ¢ IjoddSj. 1 mMeejkmes?2 MmdMhls,
sBtstclzH s Odzd j ) shdetseo desds ff tod dzOH dzj ¥ O dzts
otsL By desMmis! Mmded BOI! B"™ &ZO MowL OdzO M Eklse

0]
0]

S

¢
¢
¢
Ciz
¢
G s

d ddemlsdlkzydtsdzOdz' des?2 §tsHHjtey C52 . Il Mot
fme j Is, Lo kzC, 3ts dzls Oy dzr MlsOdzydd d ftse
HisfMiskzyf dzj § UOMIsde” i3 MY Jj ydoOdzd mls O3 (s 3
Mo sBBHT .

1 tSH r-ag nht dajl dzd j d3 tcjydMmmy 6O ) H O dzdzts 2
ftosW j Mid sdzOdz! dzOW M smtsB dats M Is ¢ toj Y d iy
~nzZHtSY J Mise j dzdz” dsd tsBtOL O], dets d Isj A dad y,
COd3j 52, me J Istsd3, sflsds s, MisOB ddzd L O
sBtstczHso Odzads d oL By detsfls! 8 dzjL Oo d Md BB
sBote] d3gj dzdz" 2 tjydmMmy tc dzj BYWLOd BTf Is! s ]
fsdzdtsds el j MNdsdOd dsd b fdaj, ds sd
Cdzs yjor n ddzmistclz dzj dzls ts o Cddesf tesdL © sSH Mise
MjesHd tcteOddydesOjls tjiyxdmmy tO dzj d3j dz' '

&

h dzj dzd W .

[ dzv d3j dg" MmMtsL HOdzdj ANG Rental MmMlsOdzs d
dzs d MsmMseBtd o jtedzdzls' MjBj HtosdL otsHMmise
mMdzz yOj or Mlskzyf Oj Is dzd ftoesmMlsts ddikzh j Mise ts
oL Bsy desfls 8 Br flstcj j IsjMmMisdtetse Ols! dH j d,
MtsB dtcOls BOLE HBW MmMtseMmilse | dzdzsets Oolststem!
Isjrded yj MEs2 BOLT fsLotsdzw jIs twjiydmimy ok

SBtekHse Odgd™, dets  Wsted®dtetso Ok’ toj Mk tsf
Emdzsedwrn, CBGEHO EMkzHOtMmlse j dzdzOW f SHH | to>
Hisflsz Y de-dgtsHrj el t affls Odeso dsw MY sitsetsd3 dzOC

COf dlsO&O, tOMmh dtej ded W qw s¥%j Mind sdzOdz dzr A
Wddzt 56 € tej OdzdL Oydd, fr] do Odz' desdzlz 1 t
ftesC Olskz.

l Oy dzgr d@3 dOftcOodzj dzdj d3 HJ W isj dz' dzsmisd AN
MlskHn jdzstse Cddesmtf j ydqodz detsfmisg 2. J zyJj B dzl
fMlskhHjdls dzgj ftesmiss Mo hdls dz@ dzj Sydd
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f ez yoOjls oL B3y detsMils: fJtetso jtodls! 1 Ists dzO t
sBtcOL 59 Ols j dz/ dats 2 Mo HT 1 Ists ddzj j Is i tcd d
tejydmmy tor f sz yoOs s otsL diigtsy detsmls tcOB tsls O
tcj Odz! dzf d©3d ddemlscizBP OBy, CHthisd S 2, e J L
Isd ~dad & 52 . v OC d dgi3sig) e L sigs © dzseodtlsajvy - y O Mmlis
ftcOCIsdSd d MftsmMsemlsolzjls soarhjdeds SOy
CtemMtser 7 d EyjBdzr = tOBGIS.

ANtstocdizd tetso Odzd j O adisitg figifdts 2 B rrdasn t |d W L O dzts
ftesW i MMdsdzOdz! dz" &5 dozlsj e Msds € Isd ~ded €4,
ntsIZHsz.qur]Qc{J GBHT fsfrsCO0 feskzzydlsi- { tsH
dzls tc ts © dzj ftcdo j d&zO ¢ tcjLizdz sOIkz: dz0 y
COLOds s ftedyddal Std3dzj teyd MEB2 dzj o' G
dLBH MIsOdz Hdzvw oiBjdzv 90yder d3 ftetsW jmMmds
iydmmy ez LOCtr s HBMsEzY € kjrddCj, tsdz
L By detsfyls - fcftcsB s Ols mMiBwY o tj Odz dz
dzt dzj 2N J A3 qd3j dedes L Ists MisOdzs tSHdats?2 L
ZHjdsse SCddetsmf j ydqoOdz' desfplsj 2 yjtejL ANG
{frls w©OB®BI" fjtte" i3 OMMdMmisj distsdz t6d 3 d

TOF T

iNdmmek dzaj btsd ¢t COC ~"EZHtY JMlse j dadz
tcsdLotsHMIse j dzdatsets f dzOdetetso Odzgdw . 1 dzOydls.
sdzydzO0 B'Is! fteddgwlsO jhy 9o ftojftcsHOCh dzj
rBBtG] dZzs¢ 0yd?, CGtecOWdS¢ J i v d3ts ¢, oL C
EHtsY j Mise j dadets?, Mo jiIsdlilsj dz’ des?2, OH d3d dzd Ml
dztsh OH € j oL By dz0 dBfteseodL Oydvw, dets tsd
r' fplstets j dadzlz 8 MlstczC siztclz . [ 52 sfrls 9 lststc

o O 110 qu STog~@gco

dzsh OH € j 2 dJ fsLHds ftcdHEZzd3 9 Ols! md mls j
dizftcsodL dqtoetse Ols odzzlstcd f BHCGBIso dzj dzdzts 2
fcsHEIksa C 2 - OBMisds.

J ftotsj Clsyg ¢ SOS. ¢ tc O dze 20y d s dzO dz! dz" 2
Hy CStcOIlsdodzzy Wisdz! € dzstedetsmls s O yjtejLr 1t
f Odzw Is d HEOBOLEZttedr ftosMmistceOdzmilso O. d to
zsC Oydj 2?2, O BBEOLBA dhMlsstedy MEts?2 IIstcOo
FlstcOIsT MewL d yJjdztseoj SO M ftodtetsHB2. 1 H4 M
Btsdzi j NPdtsCOw yjdstcOdz? desOL dOIsME OW f tetsB
PtcOdz? MEBes BOMMJ 220 LOBSKOcdoOjIs sOL OnM
t OBISO M feshMiscOdmlsoatsd © HOdzdzsdz Mdzz yOJ
Mi BOdkIsdS¢d COHtO d Md3r Mzso 82 OldBsMW j tor W
J Isj dzj odL dBdzdzts?2 HicOdB c¢c10OLdL Nty Cé
jtoj L MR Rdzlzts ff tetsB dzj 3OIsd € k2 : md d3gd 2 dzr J
HHJjdz2 dz" | dzj COtefmlse O, otOyYd Bdzze ~ OdzOIs dz
JHOIsjdzo Mlsets d dstcOdzt dzlz® slse j IsMise j dzdzl
dedzs dz Mz yO,j dzOydsdzOdzt dz' 2 € ®VHs dif t€ temtsatoddyr
sjtedOdz, O yjtojL §tsoMmjHdzgj oadezer 1 IsdSk Tt
A

d
s
tc
0]
0]
JdHE dzd ydzts 2 9" GBHB?2 d dR®BstcOdz' dz@ d3 H 5 dz

S G TS
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MSsLHOdedd (tesy $IsO -dedaf@sitedzidzj wels o j SdBj AJimy ts dz
fcsLotsdzvjIs tcOMMd3OIstcd o Ols! HOdzdzr 2 € j2f C O
d ftoesdL o@tsHMIse j dadats 2 ftcOCIsd S d H S OCIsd
Isj - detsdztse d 2 .

10ftcdd3sjte, fted ftsHEelstsoC ] fdlydde@tse ' n
dmMf sdz L so Odzlmw Hdzw Htetso jteC d daj MEBsdzr SR
HJj dzOlIs ! dzd tMmdztso dzts? Z{ stc dz0O 4Q13dzlsc,‘q’u_4fn
dzd ydzze HEOBz SOfdqISOdZO ¢ MOdZO dJddzd dzO0 o dL
? tOBBlIs] Oolstste tBtOh Odzhwy ¢ Chat GPT
stclzd3j dzgls Oz Hdzvw ftese jteCd HtGG)d30IsIztGGdu
jJtoj demse, Whtcdiddtecso OdzdWw BtcOL dats? Is d3ts f
CO fftesj CIsO. sO0C B2 sfrls IIISQOLrSGJIS
J
z

O twjydmmy tmMStsets tojh jdedw, O C0O0¢ do
Odz' desegts BsH J dzdtetse Oded ™ d Izﬁjqdszzq’W oF:
Clsd ftod d3j tor fcsCOLT 908 Is, Yyt mMtsete]j d
sOjIs dzaj btsdz ¢t f dqLtsSBOY jdad j i3 dats
jodJMisd MeydoOodz dz" 2, tjcedsdzOdz! dzr 2, Mg «

W ddz i30. RA3J dedets st Istscdigz toj Y d MMy e
LOJIs, 0] MisOdztso d Ismw Mdztsy dad 4 : ts dzO
LosHMlsats, Isjndetfkiclz 3j cl®c s JE lzoz' B tcd
otsdzs ydqv tjydmmy emMets2 WERydd o ydWwte
stcOHdydtsdzdzes? OolststeMCts?2 dsHjdzd € 6 d
dtsotcj dzgjdedz 2 tojydmMmy tce © sOLORMIsOdzy oMy
stceOdzd L Ols st O, Isd ~dzed U MG 56 5 My j yd Odzd fr
B3d HJ O3 dzj HY J 6 O. ClsO IbttOdmW stedzOYydw -9 L o
d dzmistelz &3] dzls ts o f zOW tstcdzj dedets 2  detisalzf ©Odizd 2 dz.
HsMiskzyf desmisd Ml Yy Isydesets tsBStelzH 59 Odzd v .

1 Okzydzr 2 tojLikzdz sOIs MlsOIs! d L OCdzs yO  Ismw
toj ydmmy ¢ ts2 WEdeCydd d o990 jH,defd dzpdad®dz
tejdmMmy tc@r " Reded Al T BLOBAZY jIs tWOMMdZOIsted o C
stsdz € s ¢ oO¢ Codzdzj ey MS< d?2 tcj Miztefm, dzts

74 H

o r Eﬁ'g'*‘
& " =34

QLHL@‘

P =R

# =S Eqﬁ

Mo Missw Is j dz' dzsfmis d, Oetsecdyj MEs2 f SHI
Cddetsf esdL osHMIso ©. 10 fteddsjtey ANG Rent a
ddzd ydOlsdoe © ditsy jls MlsOdzetsea s+ mMw YOMIs ¥ S B
ddW tcOMlstczC szter .

[Hdzsoto ] d@3j dedes yYydWtetso OV 1 f 85O MisOadls
Al EFmMEtstewjls ftojftesHOSChdz d twOmMhdwjils o
FdadW dydteseo Ols: CddeswiLr €. uvjrmdasdzsedd EM¢:
dets dzj tlso jyosls dz0 cdkzOodz 2 tojydMmmy em¢ d2
Yylsts tsdz Hsdzy jdz dL 3 dedls: o Ltedlsjdzj. 1 54 st
ey dMmMmy O o sOLOAMIsOdz] MjetsHdw L OC dzt yO
wor kflow dd dtsern ftosdLotsHMIse j degdz" = d3tsH §
QolstemMEd2 M Mdz s dzgzlstcd B'" Mistets d3j dgv s h j 2 fi
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[ dlsj tOk©O

1 10¢€Bdz (JMikBdZJSd sOLOmMsOdVIEIY 3
Cddzj BOBEteOW dde A tcOr thd O 3O disdedg® dzts tc &3O
OCItso (iJMfkeddéd sOLORMISOdz ¢ccH'® dzjIse.

2 Rollberg P. The Cinema of Soviet Kazakhstan 19291: An Uneasy
Legacy. Lanham: Lexington Books, 2021. 449 p.

3 Arapbayev N. L. Al Meets Cinema: The Role of Al in Modern Kazakhstan
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Identity in the PosSoviet Space: New Tools and Approaches / ed. by R. F. Isaacs, A.
Polese. London: Routledge, 2016.
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S. ymMf OdzB j S 590
[ OcdMmMlstcOdzls, sOLORMEOWW dzOydsdzOdz' dzOW ©OC OH J &
G. ¢ d&zdizOlsr
[ . A.ES Odzts o
PhD, OmMmMtyddttss Odzdzr 2 ftetsW j Mmtste, s OL OnME OW
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cduyuimMedr B zd stcOdzlstso .
BZOMlsswh jj otcj di3W d e ®Mts dzjc@dh i dc t f5 b €20 8zj
SifEEOdlzr sCOL " 9 0jIs dzj e OIsd o dats § o dzd v dzd
S tshtL W2 Mmise jOdzdz Bls tCjthipy Istzls. L Ofts dzi dzad W
n GkzBdljdz dz" = Mmistcj Mimsd dzPw ¢ s F y J49C¢
d
L

= 5= - =
o080
5§
@

FIQIR._ FIFF LG G~ OO0
,OQ,C

= e
RNy =i

o8 s

Hzd 2 sy OW LHEStlcs9 4 & sCtelzy O h j 2 Mtcj H

i = = i

o Faarsg @ g 00+%+

oHMIsoz d ftosHtseotsdz Mise j dzdes?2 B j L 5 C
Efdzse dW ~ L Ofisdzj dzid & dz'f sdedDiydfs), tc " tefsty
z¢  d dals j (dghete diztsiidse Oy i v s 3] g tzic d W Is g

IEStGOthZCf“ HigBBNOdtto dzj dgd ‘oz'[ i dfizd fflzdzts |
dL

—_

dz' Isd o O3 dtstEAflac Gt W Isd 2 , dzOff tc ©Oo dzj dzdz' =
JMmedna Mo s2Milso fsye " , weo dzw j Ist
gdsj dzj dzd j Isjrdesdzsedd G dzzB ts5€C t52
|ZJ s kg dg' M J dedlF1sBd | e3dz® dztsHPldndn 1
ts fnw-pEAQIT. 2 0

anqu L J d3j dz dzO smdzts o § i tc d
o@qmsacq stetsh O d3r - L J d34 dzv ftcdotsHJI
| MsdydHtse, iz yh ©J Is dmf sdz' L s9 Odzd | i d
Istc j B dzj dzd j ~ddi3dyd MSdms EHtBtc]j dzd 2 . ) z fr
dy0o4ls Ctsdzd yj Mlso © otsHBY BIstej B dzj dzd v ,
MftcjHjdzjded] G odzdodes?2 otsH'™ d § ted d3j dzi dz

T Iass=s NI

I'_'O&Wq_ﬁ-

) OMBsdzy dzde” 2 Mbste MM ©lsted yOob g tzk detzd vaj drck

Mo 82 Mise O, fifdyj oS o, OlsQ dz! dzts, dZz0 ttsmls d ©OL o
Ckdz sktc. ( OMlsjdedw, or tcOh jdzdzgr | dzO L OfMtsd
fdlsOlsj dz' dz" n oJhjMmlse, fsi ssdgz ftsdzj o sSHT
oJdzduyde OW L OGWLdy dzadj ¢tolzyfowtBd 2o smtdnjlsk
révdydl §dlsOlsjd drn ojhjMmlse Wodwjlsiw
d &yl BN Is! tcjLizdz sOlstsds tsh j dzOyd e Odzed v
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JHtS9 Olsj dz' dets, L OMtsdzj dedd fYtsyer odzdwjls
sy 02 detsfls! Mjdzt MEtsAtEBlLW2MIse jdader = S kzdz' sk
[t Oddyj MSdj HSBOaCd MmMdedy Ok dzipgh Ptcis C
ftsdz L s Oded § f dlsOlsj dz' dzr = oM jMmlse tc O
sOIsjdzt dgr = o9 jh jMmlse LO MmMyjl Ekdzzyh jddw
tcOL 503, stec Odzd ud MS d 4 B dzd ste Odzls T gL ¢
SHStcsHdE B QB tetstijls! Mj dzr MC - &IOW 2 s e j dac
ltcj HISMIsOo dzj dzd j BsHdWdydtese Odzdz” n d dz
dzz yj dedw HtsMlskzf dsets s yjdaj o' M ¢ Oy
Jdls 90y3desy Ld&Oyjdzdqy HEW EMss2ydo et
ysd Ltjddy BdtckzdzmMssBtcOL 8o Odzdj B dzfs
BjssHESE ftojotwdh jddw stecOddyjmMSdn ©lsasH
dz0o t512]. 1 1

Fos S FEeo N&
FGHE grald B &

smidj Hise Odzd W .
jor j sfr s qg ¢
eddzv st &3 ¢ zOMmdud M
NOdz e dJlssHdujm
L C MY Pzdidgl dzls tscbfn iy ts & Ofjcas] W dsﬂlmtssmdsﬁ
CO fdzjorn 't ) A dzte[tl w OEREEJ S 1S
| QadAsi] 88 18].

tG>| Odz,cfc; stce Odzd Yy MmSectds) Hyj jd2j jdi Is 990 daO
sOyddzgdese s ff j o8B M4 O dodakt Bl
J  dizcdsff@akyestsHlz v teddO. [ jI
stceOdzd yj mMEsets o jh jMlsaO® fwyer

SY 5] dl weddtp O dzs

1) st OH d y(d tsdedzO"( BlyjLn dstadatsigts'd3j dzd st Odalstso )

2) AsdE [ JSEzdz sdeo Oy ed dgjjddzjdedd' j. Stcc OdatsB d
2, 5/ 1,15t Usedsg @tz iy Bod dendittoneri 250/ 150 €/ ¢ O

)y AtsdE t JSkd sdeo Oy d dgjjddijdad j. Btec OdesB d
3,0/ 1,0 Isdz/ ¢ O.i Soitsapditivreizk 40 4kQ.6z' S ¢/ ¢ O

A Atsdk t jJSEd sdo Oyywd dgjjddiideed j. Btec OdetsB d
3,5/ 0,5 Isdz/ ¢ O.i Soitsapditierieizk 30 f5Q df ¢/ ¢ O

Jq’fr]fr]dz‘_,lHlsz-)(DlscjdzJ Mes?2 wOB®lsj B dy i@y v dz
[ 0¢ s OWRO dz

fdteddsd dzls Odz! dz"
qaizd ftedj B3O :

dj kijBBo OdedW,

i

fn
¢

¢
dzj
9

tdLlzd sOIsT .

| 23z dzj stsdzr ¢85 EZyoOmlsekzjls o MdzOB Y J C
COddd B3 d Htwlzcdddd odd Db B3ddzjRRYCAESO B § d s ©
j e tosdz d © Htkzedr 90ydzi2"hdr fHtsyd M
f zcHstesHdY ftsys, 1OSCdr C0O¢C ftoj HSA tcOdz] da
CtoOdgz dzW tedzgts?2 MistckzCIlskztcr | MdzOB Y J dzad 4 WOMIsJ
Zedzj CdMmdzsls 2, Bdsdzsedyd MSd OCIsdeo dzr d&3d
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MsrteOdzj dzdd d §tedlzB3dsiigrEdq dLOfPMmise s wjdie,
L J dgdzy H] dz@ yJ 9.

sO¢ fs5COLOdkd tjLbkzd ISOIsT dMmMmdzjH e O
Bj zd stc@@ls esdy toj Ckd Is@azOlsydity 1 §agdy dzts o
f5COLOLjdzj?2 §dsHBesHY Mojlsd A7 fMjtL j ot
(lsOB txd yoO

] dmfmdzi Hseo Odzd W 2 5 Is te GH dfi\j oS cetrieERE vetisd] j SRz
(Sdzstesdz dzf 2 { 58Pt B2 Stcc O dpdow o) Taf jozd b
5. j. §tod d3j dgOdscifsts dz€ ¢ B dz®f tsls dz' dits g B &€ jedzdenC
Hj2Mbseokzs h dn fjtd]jHlde@iEsE ' h fudil 0o O e Odz]
9 jhjimMseaO fYys " .

] f OnSlRASH D Mdztsy f sye" ZzO0 fYtsmij o On
Bsdz] dzZsO L OSCEZOHSd SfrlsO d HB jetts BCtsdzyOc
d Mdzd o dzOYOdzy ojGcJlsOydqd -0 sndyse,) B3] 2 (
40 -HB5%d o fr6z6 fi ¢98%( Is OB oz o) B Yzts ¢

v OB dZfhgitof W dzd § st A3 dzd t fp B2 & B dpisfipdatis)y dzd 6. f syo '

. slsC dz s
o dzts 2 zsééfﬁgccsdzlsteao
) ]l Oted OdzlsT " IsO f syoe - a3, %
: : j i .
S e jn|sni|2d Memnj
0-20 0,756 | 0,754
1 vteOHdyd tsdzdzOV Isj ~ d 2040 0,715 | 0,703 | + +
(BdL tweRdBpms dn|4060 0,408 | 0,391
0-60 0,626 | 0,616
tdSkd IsdeaOydw L j d30-20 0,776 | 0,773
5 Jtce OdztsB d s3] dzd tstc © dg 20-40 0,736 | 0,723 | 3,0 2 gy
1 sye sk dzlz 1| Sal sopditioneri | 40-60 0,427 | 0,402 | % 70
250/ 150 €6/ 60O 0-60 0,646 | 0,632
tdSkdz sde Oydw L j d3j 0-20 0,805 | 0,764 54
3 Jtce OdesB d 53] dzd ts 1 @etly 20-40 0,746 | 0,733 0/ 3,1%
1 syo sz dzlz | Sal sopditioneri | 40-60 0,437 | 0,422 | 7°
300/100 €6/ cO 0-60 0,662 | 0,639
tdSkdz IsdeOydw L j d30-20 0,825 | 0,804
4 Jtce OdzsB d 53] dzd tstc © dg 20-40 0,765 | 0,753 | 7,9 6.6%
1 sye sk dzlz 1 Sal sopditioneri | 40-60 0,452 | 0,422 | % 070
350/50€ ¢/ ¢ O 0-60 0,680 | 0,660
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0,86 - H BECHa % OCeHb
0,84 -
0,82 -

0,8 A
0,78 A
0,76 -
0,74 -
0,72 -

KoHTponb — DoH - PekynbTuBauumn DoH - PerynbTuBauum ®OH - PekynbTuBauumn
N140 6e3 3emenb. 3emeb. 3emeNb.
OpraHome/IMopaHTa MpumeHeHne MpumeHeHne MpumeHeHne
6uomenuopanta 2,5/1,5 6uomenuopanta 3,0/1,0 6uomenuopanTa 3,5/0,5
T/ra T/ra T/ra
v 6uoyaobpeHus n 6uoynobpenHua 1 6uoynobpenus

{ d nkzligsd dzO dgdL a8y dé] wizgJ7 6 YeCagldP © Mm.d3, %

I 90tdOdzds On M -8 dejsiizsdzed LB ME 4§ & IPEEE jdie) @Ak
stceOdzed yd MEtsets o jh jmMlso® o {tsyo L dzOydIs
Codastetsdzj d3. 1 tod 1 Istsdz o L OQadMmddsmisd Is o
dL 3 dzv O dztstdidz .

Il T wegdzjdz BESdzj § o’ MtsC d 2 MsmlsOo9 stec O
sB dzOtclzy Jdzes © 9 0OtedOdzlsy 4, tsdjj j3 @S lsdexss] -
ftetsyj M) ¢k Bkhtts ts@zss at@dedg | azts § B Y ago,y O dzj
f tod d3j dejdoEfdgj dzd fstewd das @dzts o dzlz b dztiste 85 05 Sldst€ifiadal ¢ O
UdL § dzj o O dajdes tedljfipdztsXz/ ¢ O.

10dBtsdz " jJ MisH ] ey Od2dyj fredy dsizthFOs H dodztsh datds)
ftosWddzt dzdfdz2Gdzs] MsMlsOoaddz 0, 7 650% frifls ¢
mMsmMis©eaddz 0, 452, 0O o Cwdzyj 9©j6jlOydd, Mt
0,804%; 0,753% d 0, 422% Mmslse jlsfise j dzdzts

{ftjH]dydsts L dzOudls§ dz' dz" j i K Jstelzp did |
Stec Odzed U MS sets, 0 joh jifiply e @20 foigbplfpiclitiszj dzt0C 2 ) .

BecHa M oceHb

0,68
0,662 0,66
067 1" o626 \ DElE  0g32 0,639 A
0,616
0,62 - A
0,57 - 3 _ &
3 AN = ‘,3}

7% ~ '-'é s %
0,52 & 4 %

% et >
0,47 - o : A

- o = L ’ 3 - ==
; st -~ o . == d‘ ._\‘T:‘ : B AT = L B
0,42 — S =
TpaanumoHHan ®oH - PekynbTuBaLmumn ®oH - PekynbTUBaLMM ®oH - PekynbTuBaLUmM
TexHonorus 3emensb. 3emenb. 3emensb.
(6e3 oprano-6uonor. MpumeHeHne MpumeHeHne MpumeHeHne
yao6p) 6uomenuopanTta 2,5/1,5  6uomenuopanta 3,0/1,0  6uomenuopanTta 3,5/0,5
T/ra T/ra T/ra
1 6uoynobperus n 6uoynobpenua n 6uoynobpexus

t dmizastE j Hdzj § MBHJ oy Odzh'0 Bolelgzsz MO, o Mmdz
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1 tod d3j dzj dzd-g d tsdzts Odiasj I < d -dz@Bj Wizs{dzjtc Otdz)s §sip dz-
Ljdjd, ftdojds § bkojdduyjdds MtHjty O
stcc Odzd yj MSdr o Otcd Odzls ©A,tc d dz® tjdag dndg jdze, ¢ tsB @tdss
sfdse dzz ¢ BaE@&BEE S B sizdd ¢ Qd | dzj oesfego j M d
st dzdd) B8] 6 Odzd § J 6 -6904 Migas ? ) o) IsifagzO6 1), da!
0,660%, vyt d&O 7,9% d 6, 6% Bsd hj o M

1 tod odzj M dzd d 5| d ts @) dzEE U@ © dztste @ PG sk € tzdz/ G
fted udL J dzj 9 Oxlzdzt$ tc dbjJ O dztdsds dzoz/} G OB dA® e Iz ) J§ dzts
fMsHj ey OdedJ clk-&GBRMEG ¢ sipazts,y DHHQdHPR of O
0662% d ©fMjde s 0, 639%, vykt &O 5, 4% d 3, !

lToetsHr d ftojHdSY j ddw.

15 ] L k2d Is QdsiphyisizjdeQzov@ists] dzs Bz ®OHE 2
tedOdedyjmMedms ojh jMmlse o f qnBgs 5B ARGl 9 Ga
| di3j dt'ted d3j dzj dzd J-B d tSdeS @SB OBz O, 5. 1 EA 5 QM

s
L d
CzszmMtssB tc ®L st twa] v, OCIsd 9o dzts ftotslsj COdz o
i tcd d3d dBjddixidgi dzd fsts1© das @ dzts o dzlz B dztiste 8g /OB Sdst€fiadal ¢ O
ydL g dzj o Odafdfts wdfjfipdzitsGedat €@ " j§ MsH ]ty Odzd J
020 M3 HBRtsHdds Hts 0, 8 2A2D%,MdP Mmifds j f Htsindsde
czzeyJ 9o oc&BBdmnBRhismE®sJdz 0, 452, O o (¢t
Ckdidz MO B dOtkzYy jd o Ctdzdyjmlsej 0., 804 %;
JtecOdzdyj MSdj B dzdstcOdzlsr dzj btdz ¢ fts
dzes  d, Yylsts sMmtse | dzdzts 9 Oy dzts, o j ddydoe Ot
WdLdyimMe€dy MmMos2MmMlsa® ¢fys ' : mMfsmMse Miso kz¢¥
z dzlz yh J ded O BLHEN dzas@ 5 tcj ) d 5O ) dzj 2,
JtecOdzed yj M dJjTiddgszdsicoOddslsd o detsjy f dlsOdzedj sl
BJL Y Ofmdzer d fsiteOsls fsdzizydls: 1 Cdzse d
d Milsj Milse j dzdz" o3 sBtcOL 53 ftcoj sBteOL 2] Is mis
NdLdzaj HjWIsj dz detsls! fftsdzjLder » BICtotststes Odzd L

[ dlsj tOk©O

1 Schneider F, Don A, Henningset al. The effect of deep tillage on crop
yieldiwhat do wereally know? Soil Tillage Res. 2017;1741798!.
https://doi.org/10.1016/}.still.2017.07.005.

2 Das, A., M. Lad, and A. Chalodia. 2018 Effect of laser land leveling on
nutrient uptake and yield of wheat, water saving and water productivity. Journal of
Pharmacognosy and Phytochemistry 7 (2):783

3 Arora, S., Singh, A.K., Singh, Y.P., 2017. Bioremediation of Salt Affected
Soils: An Indian Perspective, Bioremediation of Salt Affected Soils: IAdian
Perspective. Springer International Publishing, Cham. https://doi.org/10.1068/978
319482576.

4 M. Diacono, F. Montemurro. Effectiveness of organic wastes as fertilizers
and amendments in saltfected soils. Agriculture, 5 (2015), pp. 2230,
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111 v50.43.15

SQl:” rw J . - N N . S . _’\ '|H ., = SJ "CHJI X:

S ” ” S - n 1 ” N : J

€« (S [ . —_

N\ {4

1 -1 - ¢ &3O dzB O] 9
[ OcdMmistOdls, stthJlsOszanQ Edzdo jtemdlsjls ddj dz

J MisOls+ | tc O 3@ lskts i &£ QEdlegfimw € OSQL tsH d dz
tcOMf tesMistcOdzj dedz" = d G Ol d&tsyojddadsre. OIstOjCH
CazomMmdV dS-Qued y C8QL 65 Isdflkz odzjHtjddW, &
yJjdzd OlOCd. rdzv COYHBGEtS Isdf O IIth’SISHWIsfn
1 M dz OIsOydd EwiL odd®BeBE d {IoBand® ijEydsimket, | dz'
Union-based), Inferential (Booledmsed, Timéased)d Outof-Band. 4 IsOls ! W
ZOf tcOo dzj &ZO dzO MdMmilsj BOISdL Oyds L zOdzd?2 8B
SQLddd § Cydwdsd, d dsydl Mmdzydls! shdssts?
ftod dzisy § dzd 2 .

sdzs Ujor j Szt Q:C yd-yicd daspyg dzd v, d dz 516
BJLBY OMmdesMmis: CazOmMmMdWw ds Oydw 0OIsO¢, ZwiL o
Injection.

lojH]jded ] .

t tcOL o dlIlsd j d3 d deW¥ ste 30y d tsdzdz” ~ Is j -~ dzts
tOMmy tetsMis tc Odejedpdizisog dzd 8 B iMYJyjddy dm B
ftedtstedlsj sdes? flc@uBy jj 22w | PEIsdodets M sdz L
W jtej, {dzjChttddts? StB®Bjteydd, cthmizu Ot
Wsts Hjd&Ojls dn ftededzC Olsj d dzr &gd vy j dzw dgq *

dtcjHd HRBdesy j Mlsea O kZcotetsL tMmtsB ts5j-d djmlidsusd W

(SQL I njection, SQLI). 1t HOdzdz &3 ¢ sz C
dmmdzy Hise Odadz" = MdMisj &3 MsH jtey Odzd Stdlsdy.
SQLddz J Sydd LOddd@Otls BHds dL dHdtkzsh d
s OB d dz' dzts TsHdls o f jiteftud dasS OMA G P s djojp
ZwLodd@shed deajimzd?2, MMmisOsdzv j d3" 2 B Y HE
M j ydoOodzdmistse s ddeW stedzOydsdzdes?2 B j L 5 Ofc

I8 HOddzr &3 rtsBter " dqdzO [ .-f dzd jd¢ yig § O owlsotoiiey
sHddd3 dL Hekr dOdeBdzj | tOMY tedsififislAcdtmiz], dzdaf
Mt Hdz] B3 B Sdfjtgd ds51% dalfB MEHJ Y Ol YL odBsh
RMMdzj Hise Odad W ) sB &zOMIsd OdsdBkOdz! dzsets sB
d d3j dadets-f tcaf fas y j dad W sfls Os Isw sfdetso dzr &5 o
Cstef stcOIsdodeg" = Milj?2 [1].
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Ajd HOGREZENIMHEPKOEJL Jese O! d S &zOmMmd
odH" -SddLJ Cyd?2, sfdMmOls! B3 -~ Odzd L d3’ d ~
TOEOCkjtedy j fdditer, ybts f§sLosddls MYt
©OLOBBISCd ‘WWjChkdodr i dBjte LONdIT .

lteddzydf tOBRdzlsy C $dL.

l jBtcddzsy jdzgdWw oL OddsH j2Mlsokzels M BOL O
Ofesse, Wtz 3" » HJZOB]UYIMEd M d
9 SH O. [ Mdzd oe~tHdzr J] HOdzdzr J dzgj ftotsmaBHWIS
dztsz 3" h dzj dzdzd ¢ f sz yoO,  Is oL i3 detsMls- A3 ts
Of esmMO [ 1] . [ Mdeso dzr &3d G ted yd zOdBd -9 5L dz
d jSydd WwedzweIlsfw: HJ&ZzOBOYshisp ; § wilS tst
BtcOBBSISCO dMm¢ dz¥ yj ded 2 ; dzj C stotej € Is dzOW s B
JBJLBYOMdZOY CtdbtdekztcOydw wvigp [ 4].

[ OmMm@sistedd3 $azommdud MSd2  (-HedgEizey j ddi
Wsttdiddqtelz jIs Mdzi Hze h d2 LOftesm Hdzvw Oklsj dzlsd

SELECT * FROM users WHERE loging'[o IsAND password=% o 5 H

{ Mdzd L dzskzd3r hdzj deded & 99 JHiIs 9--,  ts D tctzb
ftoddsyls o dH:

SELECT * FROM users WHERE login="adm#AND password="...";

4 d d3o S Cesdzdzd dz2lsd ez s BMIsOBS L Of tsmMO,
1 dzslzd3r h dzj deded & f sz yOjls HtsMiskzy € Eyj lsdats:
slsmizlsmMlsedj Gttt SIsdzs?2 9 OdzdHOYdd o~ BHA -
EwiLoddismMisj 2 HOddEtsets CdzOMMO [ 4] .

s zOmMmd ¥ d¢-Qupd ¥ ¢ §QL .

Il dOkzydts?2 dzdlsjtcOlskte] ftoj Hdztsy j dets dzj MC
SQLddzl j Cyd2. 10dBtsdzj J f sdzdzOw IsO¢ Mtsdztsdzdw
f sz yj dzgdw HOdgdzr = d yJ d Olso¢d [ 2] . 1 O
sOC Mdets ey jFQUJ 2, o ¢ dzt yor h Ow tsMdese dzr j €

3.1. s&OommdW S oOoydw ¢t Isdflkz odzj Htcj ded W

In-Band SQL Injection( ¢ &zOmmd yy mc Ow ) . 1 0dBBdz) 4
OlsOCd, fHtoed Colststetsd3 L dzslzdir h dzj deded ¢ d My tsdz
odzgj Htcj dgdWw otcj Hisdesdesets S HO d f sdziz yj dzd"
[2]:

i Error-based SQL Injectionr Ols©O¢ O, 1 CMYf &z Olsdtelzs h O
shde ¢ OR d0JT . lted dz2Od3d toj dzdesds MmtsL H Odzd d
LOftesMO MdMmisj BO otsLoteON Ojls Mtseh jdadj G
MlstczC Iskztcj BOL'T H Odzdz" ~ . 1 dzslz d3" M dzj dzdzd ©
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TWOSTAGE DWEATHERING FRAMEWORK FOR
SEPARATING CLIMATE AND SOIL EFFECTS

Akniyet Zhassulan
Researcher, School éftificial Intelligence and Data Science, Astana IT University, Astana

This study proposes a twatage deweathering framework for separating
climatedriven variability from soHrelated productivity in countievel crop vyield
modeling. In the first stage, crop yield is modeled using ER&&d climate
variables, and the climatjusted residual is extracted. In the second stage,
SoilGrids soil properties are used to predict thisweathered yield component.
Results show that sednly Random Forest models substantially outperform climate
only baselines, reaching R? values up to 0.80 for corn and 0.78 for soybeans,
indicating strong soitlriven productivity signals.

Keywords crop yield modeling, deveathering, soil properties, climate
variability, ERA5Land, SoilGrids, machine learning, Random Forest, spatial
validation, agricultural productivity.

Introduction

The relative importance of soil characteristics and the variability of climate on
agricultural production is still a major issue in agrovironmental modelling. Crop
yield is influenced by the relatively constant soil properties (texture, organic carbon,
pH, bulk density and cation exchange capacity) and by the relatively variable weather
conditions (temperature, precipitation and soil moisture). These factors are usually
modeled together and separation is not easy of the persistent soil productivity from
the transient climate productivity changes [1], [2].

The recent developments of geospatial data and machine learning have
facilitated the modelling of largecale crop yields based on mudburce
environmental data.The recent developments of geospatial data and machine learning
have allowed largscale crop yield modelling from mulsiource environmental data.
ERA5-Land ensures physically consistent climate and -k&mface variables for
agricultural applications [3] and SoilGrids provides spatially continuous global
information on soil properties [4]. Moreer, there has been a recent trend in the use
of benchmark datasets, like €&ench, that reflects the increasing need for
harmonized multscale yield forecasting resources [5]. These developments open the
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possibility for establishing new contexts for the integration of crop statistics, climate
indicators and soil covariates in a unified predictive framework.

The machine learning models, especially the-br@sed models like Random
Forest and Gradient Boosting algorithms, have demonstrated excellent results in crop
yield prediction due to their ability to capture the dimear relationships between
variables [6]. However, most of the studies are conducted mainly to test the
prediction accuracy, and do not distinguish the drivers of yield variability. This leads
to methodological limitation: In cases where climate and soil predictors are applied
together, climate might be responsible for yield variation even if it is due to soil
productivity over the long term, or the other way around.

To overcome this, this study suggests a-stage daveathering approach to
remove the climate variability from soil productivity signals. The first stage models
the crop yield based on aggregated climate variables, and the residual of the model is
computed which is the climate adjusted residual. The second stage is a model of this
residual according to soil properties. This way, the soil's contribution is better
understood and a more structured evaluation of soil contribution to crop production is
possible.

Related Work

ClimateBased Crop Yield Modeling

Climatic variables have always been used as important indicators of
interannual variability, which is an important aspect of grgtd modeling. Weather
variability can account for significant variations at national and regional levels of
crop yields [1], [7] and has been shown to influence crop development, stress
exposure, and final productivity. With the growing availability of reanalysis products,
this research line has also gained in strength. ER&& is especially useful for
providing the lanesurface climate variables needed for empirical yield modelling
frameworks which require consistent data across land surfaces [3].

In addition to the above, machine learning has contributed to further improving
the ability to predict yield from weather information by allowing Hioear
relationships between the weather indicators and the yield outcomes to be captured.
Treebased ensemble models (random forest, gradient boosting) are commonly
adopted due to their robustness against nonlinear effects and interactions among the
environmental predictors. The application of Random Forest models for global and
regional crop yield prediction was shown to produce good performance relative to the
standard regression models [6]. Recently, benchmark datasets and reviews also reveal
the increasing relevance of using harmonized data from multiple sources for sub
national crop forecasting [5], [8].

But most climatebased models focus on weathetduced productivity
variation and do not adequately account for permanent structural variations. At
annual or seasonal time scales, climate predictors could predict deviations in yield
from climate anomalies, but not the consistent patterns in yield observed across
space, the result of soil properties and land potential. This limitation becomes
especially important when the research objective is not only yield forecasting, but
also the interpretation of sadriven productivity.
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Soil Properties and Londerm Productivity

Soil characteristics are relatively enduring factors that control the productivity
of agriculture. Texture fractions, soil organic carbon, pH, bulk density, and cation
exchange capacity affect water holding capacity, nutrient availability, root growth
and crop resistance. Digital soil mapping products like SoilGrids 2.0 can supply
spatial continuous estimates of these properties at global scale, which can be
incorporated in large scale agricultural modelling [4]. This type of information is
especially valuable in cases where field information is not available or does not agree
from region to region.

Soil properties are highly correlated to letegm productivity as indicated by
an increasing number of publications. For instance, higher SOC levels are correlated
with improved yield potential in major cereal crops [9], the correlation may become
increasingly negative at higher levels of SOC. The cation exchange capacity and
other soil chemical parameters are also related to the soil nutrient retention and
fertility and are therefore important predictors in the soil productivity models [10].
These results suggest that soil properties contain structural information, which is
independent of shoterm weather effects.

However, several crop yield research studies involve soil and climate factors
together in the same prediction model. This approach to integration can enhance
accuracy, but does not explicitly differentiate between the wedthan, transient
variation and the seillriven productivity. This can lead to feature importance values
that better represent statistical supremacy or spatial correlation, instead of a clear
interpretation of causal or structural effects. In recent years, interpretable machine
learning research has highlighted the possibility that black box yield models can give
wrong results if environmental drivers are not carefully separated [2].

So, although there has been some development in climate based dasedil
modelling, there is still a lack of systematic ways to separate climate effects from the
contributions of soil. The gap is a driver for the tstage daveathering approach
used in the present study of removing the clinthibeen variability first, and
modelling the residual productivity due to soils separately.

Machine Learning in Agricultural Yield Modeling

Since the ability of machine learning to model nonlinear relationships and
complex and high dimensional interactions between climatic, soil and management
related variables, the use of machine learning in agricultural yield modeling has
increased exponentially. Recent systematic reviews indicate that Random Forest,
gradient boosting, support vector machines, artificial neural networks, convolutional
neural networks, and recurrent neural networks are often used in crop yield prediction
tasks at a range of afal resolutions and crop types [8], [11]. These approaches are
especially appealing because they allow the use of a variety of inputs such as
meteorological data, soil characteristics, remote sensing variables, and past yield
data. Tredbased ensemble methods are still widely used in agriculture. Random
Forest models have been estimated as effective in the global and regional crop yield
prediction tasks, and gradient boosting methods are often achieving competitive
accuracy in cases where the featuresshaonlinear interactions [6]. More recently,
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deep learning models have been used in a wide variety of contexts, such as remote
sensing and timseries analysis. But they may still heavily rely on data volume,
temporal resolution and noise level of the input features [11], [12]. As a result,
ensemble trebased models remain a practical choice for structured cdeveydata
where interpretability and robustness are important. While these benefits are present,
many machine learning studies focus on predicting without mechanistic and/or
structural interpretation. More often than not, the success of a model is judged by its
performance in R2, RMSE or MAE, but less focus is placed on the ability of the
model to resolve the influence of various environmental drivers. This is a serious
issue, especially in crop yield modeling where both climate and soil factors usually
have spatial and statistical correlations. Important research on explainable and
interpretable machine learning in the last years reveals that under new climate
conditions, blackbox models may draw incorrect conclusions that can be inferred
from climaté yield relationships [2]. However, machine learning offers much utility
to agricultural prediction, a singktage predictive model might not be enough for
studies focused on understanding soil imposed productivity. A methodology is
required to maintain predictive capability while maintaining interpretability and
removing the confounding of transient weather and the signals of productivity related
to the soil.

Limitations of Integrated SéiClimate Modeling

While it is possible to have strong prediction skill with an integrated soll
climate model, there are important methodological limitations. The difficulty is that
variables in the soil and climate are not independent in geographic space. Collinearity
and spatial confounding are often aspects of specific soil types being related to
specific climate regimes. Adding soil and climate predictors together in one model
can lead to the algorithm attributing importance to one set of predictors rather than
another, kcause of their statistical dominance or because they are spatially
correlated. This makes it difficult to interpret. Such as for instance, climate variables
might be more important in locations where annual weather anomalies have a larger
influence on yield, whilst soil variables might be more important in areas where the
climate variability is less. If shoterm and longerm environmental effects are not
separated, it is challenging to identify if variation in yields is due to a transient
meteorologicaknvironment, or a stable setting of soil productivity constraints. This
is similar to research highlighting the importance of correct prediction for sound
interpretation of environmental drivers [2]. Another disadvantage is the validation of
the model. Random trditest splits and traditional cresalidation are common
approaches in geospatial machine learning studies, but may lead to overoptimistic
performance estimates under the condition of spatial autocorrelation of observations.
Previous studies ofpsitial validation have revealed that models that appear to be
accurate in one region may not be accurate in another region that is independent of
the first, resulting in inaccurate maps and erroneous conclusions [10], [13]. This is
particularly important for the modeling of agricultural systems, as adjacent counties
might have similar soil, climatic and management conditions. More recent studies on
the spatial transferability in crop yield prediction also reveal that the validation
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strategy can significantly impact on the apparent model performance and
generalization capacity [14]. The results indicate the need to assess models in both
time and space trained on $ailimate integrated features. Thus, a {stage de
weathering approach and spatial validation offers a better transparency on assessing
the stability of soHrelated productivity patterns or their regional nature.

Data and Methods

Study Area and Data Sources

The study covers the contiguous United States at the county level, providing a
spatially explicit framework for analyzing agricultural productivity across
heterogeneousnvironmental conditions. The temporal scope spans the period from
2016 to 2022, ensuring sufficient interannual variability in climatic conditions while
maintaining consistency in data availability. Couldyel aggregation was selected
as the spatial unit of analysis because official agricultural statistics are available at
this level and because county polygons provide a practical spatial unit for integrating
gridded climate and soil datasets.

The target variable is crop yield, measured as production per harvested area
and obtained from the USDA National Agricultural Statistics Service (NASS) Quick
Stats database. Quick Stats provides official agricultural estimates across
commodities, locations, and time periods, including staed countylevel
production statistics [15]. Three major crops were selected for analysis: corn
(CORN), soybeans (SOYBEANS), and winter wheat (WINTER WHEAT). These
crops were chosen due to their agronomic relevance, broad spatial coverage across
the United States, and sufficient data availability for the study period. Yield values
were filtered to remove missing or npositive entries and were harmonized across
counties using standardized FIPS identifiers to ensure consistent spatial linkage with
environmental datasets.

Climate data were obtained from the ERB&Nd reanalysis product, which
provides physically consistent laisdrface variables suitable for environmental and
agricultural applications [3]. The following variables were selected based on their
relevance to crop development and issdter dynamics: 2neter air temperature
(t2m), total precipitation (tp), volumetric soil water content in the top layer (swvll),
and soil temperature at shallow depth (stl1). Monthly data were spatially aggregated
to county boundaries using zonal averaging procedures. Temperature and soil
temperature were averaged over time, while precipitation was accumulated to
represent seasonal water availability.

Solil properties were derived from SoilGrids 2.0, a global digital soil mapping
product that provides spatially continuous soil information with quantified
uncertainty [4]. The selected variables include clay, sand, and silt fractions, soil
organic carbon (soc), soil pH in water (phh20), bulk density (bdod), and cation
exchange capacity (cec). Soil layers at depthsi&f@n, 515 cm, and 1630 cm
were aggregated to a unified3D cm profile using deptiveighted averaging. Raster
data were clipped to the United States extent, and cdewvdy mean values were
extracted using zonal statistics.
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All datasets were spatially harmonized using a common geographic coordinate
reference system (EPSG:4326) and linked through county FIPS codes. The resulting
integrated dataset contains, for each county and year, crop yield values, aggregated
climatic indicators, and static soil properties. This structured integration enables the
subsequent implementation of a tstage modeling framework aimed at separating
climatedriven variability from so#driven productivity effects.

Two-Stage DéWeathering Framework

To isolate so#driven productivity effects from shetérm climatic variability,

a twostage dewveathering framework was implemented. The conceptual motivation
follows from previous evidence that weather variability can explain a substantial
fraction of interannual cropield fluctuations, while soil properties represent more
stable structural determinants of productivity [1]. Direct modeling of yield using all
environmental predictors simultaneously may obscure the contribution of soil factors
because climate and soil effects can be statistically entangled in space and time. This
concern is consistent with recent studies warning that #dagkyield models may
produce misleading interpretations when environmental drivers are not explicitly
separated [2]. Therefore, the modeling strategy explicitly separates these two
components. In the first stage, crop yield was modeled exclusively as a function of
climatic variables.

AR Q06 ki (1)

Where 6.4 denotes the vector of aggregated climate indicators "8t
represents the cregpecific regression function.

For each crop, a regression model was trained using aggregatedLiBRAS
indicators, including mean air temperature, mean soil temperature, soil moisture, and
total precipitation. The purpose of this stage was not to achieve maximum predictive
accuracy, but rather to estimate the portion of yield variability that can be explained
by interannual weather conditions. The residual component of this model, defined as
the difference between observed and clinpatdicted yield, was interpreted as a de
weathered productivity proxy.

Yin  Opr g (2)

By construction, this residual variable asthogonal to the selected climate
features, thereby representing yield variability not attributable to-sont climatic
fluctuations.

In the second stage, the-deathered yield residual was modeled as a function
of soil properties. Random Forest regression models were trained separately for each
crop using soil texture fractions, organic carbon content, pH, bulk density, and cation
exchange capacity as predictors. Random Forest was selected because it is an
ensemble of decision trees capable of modeling nonlinear relationships and
interactions among predictors while maintaining a degree of interpretability through
feature importance measures [16].
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Yarn -B YR Y 3)

Where"Y,; denotes thexth decision tree and is the number of trees in the
ensemble.

In addition to soHonly configurations, comparative experiments were
conducted in which soil and climate variables were jointly included to evaluate
whether soHonly models provide a clearer representation of structural productivity.
Model performance was evaluated using the coefficient of determination (R2?) and
root mean squared error (RMSE) on a hald test set.

YOYO -B & (4)

Y po——r (5

This twostage framework enables an explicit decomposition of yield
variability into climatedriven and sotdriven components. By first removing short
term meteorological effects, the secestdge models aim to capture more stable,
spatially structured productivity patterns associated with soil characteristics. This
methodological separation constitutes the core analytical contribution of the study
and provides a clearer interpretation of soil quality as a structural determinant of
agricultural performance rather than a confounded mixture of environmental
influences.

Model Training, Validation, and Evaluation

A structured development and evaluation of models was performed to
guarantee the internal consistency, reproducibility, and robustness of the results. The
data set was split into a training set and a testing set following a temporal holdout
approach, using the most recent year as a test set not included in the training set. This
design is based on a realistic forecasting scenario, and helps minimize the risk of
information leakage across time. Due to the different response of crops to climate and
soil conditions, models were trained separately for corn, soybeans and winter wheat.

In the first part of the framework, linear regression models served as climate
only models. These models allowed for an interpretable estimate of the proportion of
yield variability due to superposition of climate indicators. The predictive capacity
was modest, but they were primarily developed to create yield residuals for the
second stage of modeling. A residual distribution was then analyzed to ensure the
mean was close to zero and the correlations to the climate variables selected were
successfully filtered out.

The second stage involved using tised ensemble models for predicting the
de-weathered yield component. Random Forest regression was chosen as the main
model since it is able to model nonlinear relationships and interactions among
predictors and is applicable to structured tabular data [16]. Random Forest and its
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variants are also found to be popular methods in previous studies and reviews for
agricultural yield predictions as they are robust and have performed well in practice
[8], [11]. To allow for comparative purposes, other experiments were conducted with

the use of both soil and climate predictors. The hyperparameters were tuned to
achieve an appropriate degree of flexibility and generalization capabilities in the

model without overfitting it.

The coefficient of determination #Rand root mean squared error (RMSE)
were used to evaluate the model performance. While both offer a more useful
perspective, the Rvalue is the proportion of variance explained, compared to a
baseline model, whereas the RMSE is the average size of the prediction error in the
original units of the target variable. A spatial validation experiment was also
performed by withholding sets of counties during training, in addition to the temporal
validation. This is necessary as models assessed only within known geographical
boundaries can give overly optimistic estimates, while spatial holdout represents a
more rigorous test of the geographical transferability and applicability to unknown
geographical areas [13], [14].

The random forest models were used to determine feature importance scores to
improve interpretability. The relative contribution of soil properties was compared
within the different crops and which soil characteristics will have a strong influence
on the structural productivity patterns were identified using these importance
measures. This interpretability aspect is crucial as predictive ability alone is not
enough to reach meaningful conclusions about environmental drivers in crop yield
modeling [2]. The model framework connects model performance to feature level
interpretation which enables a more agronomically informative outcome of soil
influence on productivity.

Results

Climate Only Baseline Performance

Interannual climate variability (accounting for cowhdyel crop yield) will be
used as the first step in the proposed framework. Each time, a linear regression model
was trained for a crop separately, with aggregated ER#isl variables such as
mean air temperature, mean soil temperature, soil moisture and total precipitation.
The primary purpose of this step was to maximise the predictability, but also to
estimate the climate induced variation in yield and generateveedthered yield
residue for subsequent modelling.

Table 1. Climateonly baseline performance using linear regression.

Crop R? RMSE
CORN -0.010520 41.169459
SOYBEANS -0.008957 11.918782
WINTER WHEAT -0.086307 16.492719

Tab.1 indicates that the year is responsible for a very small portion of the yield
variability and that the effect of climate aggregates is very small. The lowest R? (
0.01) and the lowest RMSE (41.17) for corn was obtained with the clonate
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model. The model figures an R2 €5.009 and an RMSE of 11.92 in the case of
soybeans and an R2 €§.086 and an RMSE of 16.49 for winter wheat. The negative
R2 values indicate that performing climaiely models (linear) is not quite as perfect

as the naive baseline model predicting the mean yield. The results indicate that space
invariant annual climate indices are not enough to explain the spatial variability and
structural factors of countievel crop productivity.

The low prediction level is satisfactory because this fulfills the purpose of the
first step in a method. Meteorological effects occur only in the 4bort and are
filtered by using a climatenly model. The yield residuals from the equation given
are nearly null and the climate variables used in the first stage had low correlation
with the linear climate variability (yield residuals) removed during theveathering
step, indicating good removal of the linear climate variability. The soil property
induced structural productivity is therefore well represented by the residual part,
which can be used to gain insight into the impact of soil properties in the second
modelling phase.

Post deweathering, soil properties were used to train Random Forest
regression model to predict the climate adjusted yield residual. The goal of this phase
was to investigate whether or not there are differences in structural productivity
among counties that are measurable and can be explained by some variable of the
soi |l 's Astatico p #teonp elimdtic @ustyations mave beénh e
considered.

Soil-Driven Productivity Modeling

For all three crops, the sadhly models achieved significant amounts of
explanatory power.

R? on 2022 test (de-weathered target)

0.7
model

EE RF soil+climate
B RF soil-only

0.6 4

0.51

0.4 1
&

0.3 1

0.2 A

0.1

0.0
CORN SOYBEANS WINTER WHEAT

Figure 1. Temporal validatioperformance of scilriven productivity models across crops.

Fig.1 demonstrates that the model resulted in an R2 of 0.669 and an RMSE of
23.58 for corn. For soybeans, the model explained 64.4% of the variance (R? = 0.644,
RMSE = 7.08). Overall, winter wheat showed a slightly weaker, but still strong,
correlation with R? = 0.538 and a mean RMSE of 10.75. These findings suggest that
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spatial variation in productivity is partly attributable to soil characteristics after
considering the impacts of climate.

Table 2. Performance of Random Forest-snily models on the clagvailable subset

Crop R? RMSE
CORN 0.803678 19.444433
SOYBEANS 0.777865 6.103892
WINTER WHEAT | 0.726731 11.976100

A further experiment was performed with a smaller number of data points
where the clay content was explicitly specified as a dominant structural feature, to
assess the robustness of the soil influence further. Tab.2 shows that predictive
performance improved significantly in this subset, to R2 = 0.804 for corn, 0.778 for
soybeans, and 0.727 for winter wheat.

CORN — Predicted vs True (2022) SOYBEANS — Predicted vs True (2022) WINTER WHEAT — Predicted vs True (2022)
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Figure 2. Predicted versus observedwieathered yield residuals for saihly Random
Forest models.

Fig.2 illustrates the significaminprovement which indicates a strong influence
of textural composition on the structural productivity differentiation between regions.

Feature Importance Analysis

The feature importance scores were extracted from the Random Forest models
for every crop to interpret the salliven productivity models and to evaluate the
relative contribution of each soil property. Importance values reflect the mean
decrease in prediction error for each variable over all the decision trees, and offer
information regarding the relative importance of soil properties in determining the
patterns of structural productivity.
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Soil feature importance — CORN (RF soil-only)
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Importance

Figure 3. Random Forest feature importance of soil properties for corn.

Fig.3 shows that bulk density (bdod), soil organic carbon (soc) arfchstibn
were the most important predictors for corn. Soil pH (phh20), sand fraction and
cation exchange capacity (cec) were also significant, but less influential. Bulk density
and organic carbon are the two most important factors in the physical structure and
organic matter content that may explain the potential for-teng production of
corn. This is in line with agronomic knowledge of the importance of root penetration,
aeration and nutrient retaining capacity for high biomass crops.

Soil feature importance — SOYBEANS (RF soil-only)
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Figure 4. Random Forest feature importance of soil properties for soybeans.

For soybeans, soil sand fraction was the most significant variable, followed by
soil pH and soil bulk density, as demonstrated in Fig.4. Moderate contributions were
observed for organicarbon and silt, and comparatively lower contribution was
observed for cation exchange capacity. Higher texture importance for soybeans might
be related to the sensitivity of the crop to drainage and aeration conditions that are
highly related to soil sand content. The agronomic relevance of pH is also well
established considering the sensitivity of legumes to soil pH and nutrient availability.
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Soil feature importance — WINTER WHEAT (RF soil-only)
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Figure 5. Random Forest feature importance of soil properties for winter wheat.

Soil pH was the most important predictor of winter wheat followed by bulk
density and cation exchange capacity. As indicates in Fig.5, there was a more
balanced contribution from the organic carbon, sand and silt fractions but with
reduced influence. Both pH and the NCEC are important soil properties, and their
prominence may indicate that they are especially important for the productivity of
winter wheat, possibly as related to nutrient uptake during the overwintering and
early growth phases.

The feature importance analysis indicate that the soil texture, organic matter
content and structural density are among the most important predictors across all
crops. The relative ordering varies with crop, but the general pattern suggests that the
soil physical and chemical properties contain stable spatial signals related to long
term productivity potential. Importantly, these results highlight the validity of the de
weathering framework, where soil variables can be clearly and interpretable
explained after the sheterm climatic effects.

Spatial Generation

A spatial generalization experiment was performed to evaluate the robustness
of the soilbased models, in addition to the standard ttast splits. In this
configuration, the groups of counties were not used for model training, but only for
evaluation. This procedure is more stringent in assessing the transferability of the
model across geographic regions, and assesses whether the soil productivity
relationships are consistent across new geographic locations.

CORN — Error distribution SOYBEANS — Error distribution WINTER WHEAT — Error distribution
T T T

30

Figure 6. Spatial distribution of absolute prediction errors under-eoly modeling in
2022

181



Actual problems of modern scieng@026

Fig.6 suggests that the predictive performance significantly drops in the spatial
holdout scenario. The spatial R? for corn was reduce@®.86 and the RMSE was
46.80. Spatial R? values wer®.28 and-0.17 for soybeans and winter wheat,
respectively, and the RMSEs were 11.62 and 26.02, respectively. In this context,
negative R? values suggest that the model is less effective at predicting the actual
output than a naive model using a mean baseline prediction, when applied to countys
that were not used to test the model.

This degradation in performance shows that there is significant regional
variation in soil productivity relationships. Sednly models able to describe patterns
in observed spatial domains, but these patterns do not necessarily extend to the
different agroecological zones. This reduced transferability is probably due to
variation in management, irrigation and cultivar type and to the absence of some
environmental factors that are not observed.

The spatial generalization results highlight an important caveat about soil
based modelling at large scales. Signals for meaningful structural productivity in soll
are encoded but are not necessarily regionally unique and could potentially interact
with local agronomic practices. Thus, theweathering framework allows one to
isolate soHrelated variability, but predictive models, developed in one spatial
domain, would need to be carefully applied to parts of a different domain, without re
calibration.

Discussion

Interpretation ofSoilDriven Productivity

The soitonly models showed that a significant percentage of the variability in
structural productivity is not accounted for by climdté&rzen changes, even after
these were removed. The resulting coefficients of determination (R? + 0.57 for
all, and up to 0.80 when focusing on clay data) suggest that soil characteristics
contain a stable spatial signal which is well correlated with -teng crop
performance. This result lends support to the core idea of theathering concept,
which suggest that interannual meteorological variations have been filtered out and
the remaining variability in yield is driven by more fundamental structural influences
related to the physical and chemical properties of the soill.

The explanatory power of seadnly models is especially noteworthy, as no
management variables, irrigation data, or technological inputs were used in the model
for a given crop. Even with the exclusion of these potentially influential factors, more
than 50% of the residual yield variance in the three crops is accounted for by soil
properties. This implies that soil characteristics on the county level serve as a
baseline limit to productivity potential. That is, the structural potential of agricultural
systems is closely linked to soil properties, even in different climatic zones.

This is corroborated by the feature importance analysis. Bulk density, soll
organic carbon, texture fractions (clay, sand, silt), pH and cation exchange capacity
were always among the most important predictors. These factors are directly related
to important agronomic processes such as root penetration, water holding capacity,
nutrient availability, aeration and microbial activity. Bulk density and organic carbon
were significant for corn, showing the importance of soil structure and carbon
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mediated fertility for high biomass crops. The very high importance of texture and
pH for soybeans is a result of the sensitivity of the crop to drainage and soil chemical
balance. The significance of pH and cation exchange capacity with the winter wheat
crop highlights the importance of nutrient dynamics during the overwintering and
early growth stages of the crop.

Importantly, the uniformity of soitlriven predictive performance across crops
indicates that soil properties encompass crop specific effects in addition to more
general agroecological patterns. The importance of the different variables differs
among crops, but the texture and fertility related variables are all dominant,
indicating a common structural mechanism which controls productivity. This-cross
crop coherence strengthens the argument that soil quality, when properly isolated
from climate variability, represents a measurable and statistically robust component
of agricultural performance.

Implications of the D&Veathering Framework

This study contributes both methodologically and practically by providing a
two-stage dewveathering framework. The methodology explicitly quantifies the
variability in the response to climate change and ensures that the response is not
confounded by variability in structural productivity of the soil. The framework does
not directly relate yield to soil and climate, but rather breaks down yield into a short
term meteorological part and a leteym structural part. This separation allows a
better understanding of the lotgrm productivity potential that is contained in the
soil attributes.

Climatic variability has a greater influence on yield variability from year to
year in conventional modelling approaches, makingifficult to distinguish the
effect of soil properties. Consequently, the effects of soils can be less pronounced or
less consistent in a single integrated model. The@mhering approach to tackle this
problem is to exclude the climateduced part of the yield and then model the
remaining yield variability as a function of soil predictors only. Empirically, this
separation led to good predictive accuracy of the@dy models, and no residual
correlation with climate variables, which confirmed the consistency of the
framework.

On a practical level, the framework provides an improved way of
operationalizing soil quality. Sed r i v e n producti widtjyusisd
component of yield rather than a direct measure of soil quality as yield is highly
variable across years depending on annual weather conditions. This distinction allows
soil quality to be interpreted as a structural attribute rather than a transient outcome.
Such an interpretation is particularly relevant for khegn land evaluation, strategic
planning, and regional productivity assessment.

The findings also suggest that the signals of productivity from soils are strong
in spatial domains observed so far, but transfer between regions is still difficult. This
indicates that the structure of the soil carries information that has meaning, though
regional differences in management practices and agroecological conditions affect
model generalization. Consequently, the framework is best suited for 1gugariic
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calibration or for comparative productivity analysis within defined agroecological
zones.

Limitations and Model Constraints

Although soitdriven models perform well in the traditional validation context,
there are some limitations to be recognized. The spatial generalization experiment
showed that the models' predictive accuracy suffered significantly when applied to
counties completely lacking from the training set. Spatial R2 values with negative
signs imply that the saiproductivity relationships learned in one spatial domain are
not fully transferable to the other spatial domains. This implies that portion of the
productivity signals from soil are regi@pecific and are influenced by unobserved
contextual factors.

An important constraint is the lack of managernezlated variables. In
addition to soil and climate conditions, irrigation activities, fertilization management,
crop varieties, technological inputs and local agronomic decisions have an impact on
agricultural productivity. Part of the naxplained variance around soil
characteristics could be a reflection of regional management patterns and was not
modeled in this analysis. This constraint may also account for reduced spatial
transferability given the differences in management systems between states,
agroecological zones.

One restriction is a courdgvel spatial aggregation. Courvel data offer
consistent comparisons to official agricultural statistics, but do smooth out-the in
county heterogeneity in soil composition and land use. The properties of soils derived
from the digital maps were averaged over the entire county polygons, which may be
masking sulregional variability that may be relevant to productivity modelling.
More detailed analyses at field or scdunty level may provide more accurate
estimates of soil effects.

Further, the climate filtering stage is based on a linear regression analysis of
annual indicators aggregated together. This method takes out the linear climatic
variability, but nonlinear or seasonal climate interactions can remain in the residual.
Using growing season specific climate measures or a nonlinear first stage model
could provide additional refinement in separating the weather andrseh effects.

Conclusion

The goal of this research was to hypothesize and test-astage deveathering
process to partition out shetdrm climatic variability from structural seiklated
productivity changes at the county scale in the U.S. The framework allows for a clear
methodological strategy to separate soil quality signals from transient weather
influences by first modeling yield as a function of aggregated climate indicators, and
then predicting the climate adjusted residual, given soil properties alone.

The empirical results indicate that the smily models account for a
significant amount of the a@weathered yield variability for corn, soybeans and winter
wheat. Soil texture, bulk density, organic carbon, pH and cation exchange capacity
were all found to be important features across all the years and are indicative of
differences in structural productivity. The results support the notion that static soll
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properties carry significant information about the productivity potential that is
independent of interannual climatic variations.

Simultaneously, spatial validation of the relationships between soil and
productivity shows that there are reasons for caution about the generalization of these
relationships across regions, because spatial variation in soil characteristics and/or
unobserved variation in management practices can affect the relationships. Strong
structural signals are found within the regions in the soil properties, but more broadly
transferable requires careful interpretation and may need regional calibration.
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sMtsB j dzdets © Oy des OO difigfdin ls j &3 jts dAZDR OWY L OW
LOfdm! o BOLJ.

Clsd dHjd ©OLoeadoOjls L-pez d MsOolstste’
tcORRCE EZftcOodzj dedw COydMmMsotsdd HOdzdzr = ( Dat
o Cdzs yoOs h Iz dL d&3d o dzd J Istsydetsmis d, i s dzdzts
COL" 908, yYybts odzgjHtojdadj HBHBBA = Md Ml
Mdzedy O0jIs tdmM¢ dMEOyjdd?2. [ OCOtse d It
dzr &sd M ydd ¢ dzts Bpi Ghgcligdodzc)O, (P W] 6 do OW ¢
IssWw dzdzs e 5 dBsdzd Iststed efcdin Is G @ gy figls ® O d y JjotafjL

s OMmMdesMmisd d yJ dzsMmisdesmisd H
sz dzdzd 2O (2024), lsdj yow,
d kljyds$ d dz,Otslthdzo[Q-lede
BtcOB Ols™ 9 O8 Isfw fJtemMsdOdz d
OdzdL i3 L O dIsr d OEHJdIO.
BtcOL tsd3, 9 dOkzydzr = d fwOSIsdyd
Qo dzj dzd J HOdzdz" i3d ©® CRM HBdzy dzts
duy MSkr dJdWtOmMstkzS skztckz, ftotsyJ M
s d. ssdzr S5 ftod IsOCB2 Otendlsj !
H dzw O dzQjdegin IsGg 2 3P dzlORAyl EZMists2 yd o &
tc ddzd?2 dz20 simdesea j W OCIstse .
[ dzdz@ 20 d CO¢ -mMdhtgj dgls CRM
[ dzdz@2Q MijesHdw wodzw jlsqw dzgj f tctsml
qy dtso, MistcOls j ¢ dyj-Mm§ idlezj d3i dzj ey fdds s sy
jtcodydz 2 MmBtstc HOdgdzr 7 5 o jHjdedd o
COL" 90Ot 1Ils Hal ki opoul os et al . (20620) ,
sdzdteso Odzdd L OoadMmwlils dzj Istsdzr €8 8l ©OY
Clsteso | OdzOdzd L dzts G ts @ Hy2TMlse d?2 d )
sedetsL Jietso Olst o Jtoswisdesmis! kM jh dets?2 L O
1 Oxdr 3 O j SClssdz Wodwjlsmw eodzdwddj Mmls
dzd j dzlsts o . Kal uza, Voi gt d Paet z (207°
dW sted3Oydd (citsHIse jtoy HY dze, csYyYdHOjlse)
tcsdzd totso Oded v , Ylsts HJjdzOjls HOdzdz | & MO
ZzOdzdlsdS¢d CRM. 1 &jHdyddmis?2 MmWjtej Liwu
Mitsd Lk ls &OMNddadetsy eBRkyYyJddj HAv ftsc
tcOQo JHdzdose s tOMtcj HY dzj ded W  ta G dfiy © degt2y,
Ols! ddzlsj dzdzj S sz Odz des?2 f sHMdMIs] B2 Ef toC
MW jtcj stedL 30 d cetfisdded ydesets BdL
24) d Meliboev et al . (202 4L OfH]jindztR d
BB dgw s Isfqpw  Hdzw tsyjdeCd LOctekzL Cd, ftoj HM
fsHABH' dOf W iz «zsfgt € Is@ets MEls v HP dadR M
ftesedesL s d fJjtemMsdzOdzdL Oydd oL Od d3tsH J
[IsH j dz' dats 9 dzd 3O dzd | ZHjdwv,jlsmw o tse
ros2dzdStsoa©® d Hts. (2022) fslsd3gy yosils, ylbsts «
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Hod>X 4 ded V) f sdsse O Is syd dzd 9 Ols 1 d3syd tsda
OHOf sdtetso OlIs! ddzlsjteW j2f H dmn tj OCSydd.
CRM Hdzw ftsorh jdedw COyjmlsoO oL O0OddsH | 2 Miss

v OCdo3 BB tcO®I,d Mis dzdp@zdg  Is dzj Istsdz! § 5 ISE

d 0d0dkzdlsdyd MSddz L dzsds CRM. [ dz© B jim§f j y
sls fjteodudesets BtOM j dzdw H & dofirdsLj 8RB L ditdsds
shdeseoz HdzwW ftotsedesL Jtetso Oded v,  j-fotisgOigd]ts «

O dz2OdzdIsd € O, dBOhdqdedesy tBRZYJdzedd d dMS M

dtsotcj dzj dzddNdMICIRAY f jtcjaBHWIS sl MIsOIlsdy
¢ ddzlstzdz;lelzG)dzl dzs?2 OdzOdkzdIsdSj, G6HJ d&OhJ
ddzls j dzdzj €Is ( Al ) MsOdzso W Ismw Cdzt yj o &3d d
sflsddizdL Oyd ¢ sr g indps . 456 zOMdzs Wei nzi er |
Oo IstsBOIsdL dtetso Ols! -f stfstw|Q dndgjOdffj (BPMdz) i) o ¥ W o
fiesedtsL qtetso Ols &ZOctezL S d wWOMftcj HJ dzv Is!
ftcsOCIsdodzse s kY tcOo dzj ded W .

Bhar dwaj et al . (2024) fsCOL " 90¢ Is,
OkOdzdIsd¢d ©®© CRM L &0Oydlsjdzv des s h Ojls Is
Csdsdslzdzd $ Oy d 2 f Cdzd J dzls O3] . ] sHtsB dz" | it
ts dzdzQ 20dg d i d H dzW ftiosedetsL Jqotso Odzd W ftsimihOyJ
tcOMftej H)dzj dzdVWw Mzslstse . Khan, Akter d 1 sl
Bi g Dat a d fslssCsor o OQdzOdzdIsd yj Mm< d = d
mMjttoaodmMO, YoHYY eCdoOWw 9o 0Oy dztsfls ISBtGG)Btslqu

Rdzdzso Oydsdadzr 2 oL cdzv"H Hftoj HA&ZOGCOjIs Lin
COC dmlstsyded ¢ ddzdzso @yd¥.enrR LRMsSHASEHOL d a O]
Cdzdj dzsmMSCdr HOdzdzr = s OjIs SR Oddwds BT
d ttOLttOBOIs™ 98 Ols! detser j frrj @y dMmyg. 1 |stizw o Mtf €
ML HOddd HJddOBId Ul MSda t6OMY dMOded d ddalsg

l Ists 3yJ otjJd&kw Liu et al. q’ Se
ddzlsj e tej sdtelzj dItsfsdi j dzj 2 Isd § dz
H s dzy dz' Bl Is! ftoesL tcOydz d&3d d
MtsL HO9 Ols! ftcjHOLWIStsMIsd 0740
fsHYyj s do O Is, Ylsts Emf jh detsy dzj Htcj dzd |
Z{ tcOo dzj dad W H Odzdz" d3q d ff S99 lds O Pdzts B d3Qflidls j G
CoedzdIsdo desets OdzOdzd L O.

s O0Cdd3 BBOL 53, Al d ML tc Odzm W tstc d3d to L
1 Csmdmisj d3lz, GHJ HOdzdz jJ dzJ Istsdz Cts RtOdaw
tej Ctsd3d dzH Oy d 2 d MbttOljedyj mMscdn Olj’sgj'ﬁ]g{dzo[iﬂls
(N7 ORVEONNS fJt] ~MBH tsls f OmMMmdo dztse ts B tc
MO dzOMiIstcOd o O h  dzmw mMjtce d MO, fr]q’lsfmssdz’
PHtso dzj Iso sty dzdzs s C dzd § dzlstse .

Bl d eodLEzOdc®YyIMmBa L dj M

RAzsj cgteOydw d dzistclz d3j dzls s o B u s tddndss] d3l n
fsLotsdzY jIs ftcj otcOIsdIs! H Odzdz" J ) odL z0Oc
ftesL tOydzetsmlis ftesyj Mtse d fSHHjteY Gk

2
2022)
fsCOLT
dilsr 9 Ols l]’ts
]

)

N2
=~
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fsCOL" 908 Is Gon-al vHe@s" BasticH B | Mdzg g OB 3 o W B
BiyHE OdOZdIsdEs?2 d E2§ftcOe dzj dzd j d3: 9 dL 2 0Odz
Reopen Rate) fsiscOjls f jtcOlsde dzgts lsmdzj
d HddOdSkz Cdzdj dzZsmMSCdr BtOh j dzd 2 . 1 Qo (
ftsor h Osls Me stetsmis tej OCydd zO dL d3j dzj dz
tej h j dzd 2 .

Li, Lin d Zhang (2023) slsdzy yoe Is, Ylst
EMmlsts?2 ydoe tsdilz f tcOo dzj dzd © Cdzd j dzls < d dzd tsls
ftoeddgwIsdw tojh jdad 2 dZz0 tmdztso j W fislsste iz d3 j dzls
sBj M jydoe Ot Is JHddz 2 OOz Isd yj mM< d?2 ¢
Octcjedolkze smMw d ddzlsjtcftcjlsdqelze Isipw o tj Odz
et al . (2024) fSHIse Jtey HOJ Is, Yylss Bl o d
4 tc©o dzj dzd-iff te tssydj Lirpg)Chgizd f sdizsc O ddzlsj teff toj Is
BsHjdzj 2 d or weodzwlIs! ZLCdj d@iMlsO o f{totsy, fi

1tcOCIsdyy MSd2 omf jCls fsHYyjtecdoOsls Ab
l sdzyd¢ (2024) , mMmewL ™ o Ow BI h Ctdzstetsdzj o
CRM BI By jIs tslsmdzj yde Ols+ f sdzdzts Is Iz mMsce dz
Wstcdzd telzw fs5COL Olsj dzd HisSe J tod W ¢ d dzW tstc d3C
fesL tOYRSIBBILOY OW dzf Istsdzr S8 B JteOyYd tsdzde
L Oh dlIsr HOdzdz" ~ .

] yj dzsds B ftcj otcOh OjIs CRM 9o Ekff ttOo dzv
HOdzdzr | MBBdtcOs Ismw OdzOdzd L qtelzs sfqpw  d o dL
fnd Misd &3 -Le@YdefORfidizlsBilc tOydwY foLotsdvjls lshdz
LOW o9 tsC, L Octelzy J dedets M ls ¢ dmMyf sdzdzd Isj dzj 2 d 1V
otcj d3j dzd . sO0Cdd3 tsBtOL 503, Bl MisOdztso d Is mw
shdatso 5?2 MCotsL dets?2 OdzOdzdIsd S d, tsBI jHJdaw s ]
HOdzdz" = © JHJdzlzt MistcOls jfcedssy jtifidshdisd L ©yd d E

uBote] 3 dzdz’ § Isjdenjdaydd d f§Jwhd DT

t OLoadlisdj CRM d -m@tMmehds rsaaizp lednw 8
ddzls j dzdzj C sz Odz! dgr = d ZfMmls ts2 o[ar"' 1 Csmdmk
dmeEmmlse j dadz" 2 ddalsj dzdzj €Is ( Al ) Wstcdzd tclz® Is
Nosella d Dalla Pozza (2 23) tslsd3;uOBIs,
OQolssBzOIsdL Jtetso Ols! {f tesG dz q’ so Odzd J , O dz0 dzc
SHdOCt IstejBlRZjls Ltoj dzts? :q’lscﬂ;lslzte:r H O dzdz
ddzlsJGtG@bc{V@alslsd:sOIschqu’o[ H 8 tcOEddzPls daf dz’O] Is
sfdse © ydWtesets?2 L] dzsfisd Btec OdedL Oydd.

RMMdzj Hsoa Odzdj Lin d Chen ( 2d0r2i5v)e ntc GG RM
Colstets? HOdzdz" | MlsOdegsowisimw COlsOdzdL Olststefsc
dmMfsdz LseOded] OdzOdzdlsdSd ©® CRM MmftsmseMmls
biméswjls MisteOlsd cdyd M&dJ -Lteiihdjfivgd wi.ls & ffrjafichyl
Hd dz0d3d yJ MS tsdi f zOdzd tetso Odzd d tcOMY d nOdzd 2
ftsor hOs hda EZHtseodzj lso tstoy dzdetsis! §sdz' L tso Olsj

g4 fsrdydd Efmts2ydetmisd Li, Lin d Zha
CRM, GHJ 1 WWJjCIsdoe datsfls mMd Mis j d3r dL d3j tow
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dsr dzd , s d 5 Misifjdd f(tesLtcOydatsmls
fedz L soOdedw ] Mtemtse. uvMmMbs2ydets] &t
Hsdze sMtesydzsdzgz HBo j tod b Cdzd j dzlstso  -d &
syd Mitse .
Rane et al . (2024) fssHyyYy té&do Or Is, Yls
HUBMf&Qq Hdzw MOdsfisdsglz jyB®s M g sfigstc CRM {f tc
HJ dzd J Cdzd j dzlsts o d sflsddidL ez Is i tc
toj d3d dzdzts tcOMisyisly - detisdias ¢ B dzts(CKy R alz | |
Jude O h dn ftotsL tOydets s d L O dh
d 3sH Odz! des?2 OdzZOdzdIsdSd (res2dedSCtso O
sdzOdz dzr § d tseojHJdyimMédd ~O0OtOGIS] 6o

Clsdyd MS Ow MeMmisOe dzw & h Ow sO¢C Y j M ls O dats
mMseote] d3d dzdz" = CRM. sO¢ lsd3zj yoels Samor an
OQdz0OdzdIsC O HBdzy d2ZO B' Is! Bl Widzgd BZs2, MY tcO¢
ddzdztso Oydw dsd d Blse jlsfilse j dzdesmls sftej HJ
BzHENi ) Misj d3, sB) JHdwE h dn OdzOdzd Isd ygj M€
Emlss2 ydoe tsmis’ .

vOSdd3 sBKOL A, fj thfjGylddipd MERM Ofdz" s dp
¢ MOktssB Zyos h d dizgmw , ftesLtcOyder &5 d B J L tSt
Wstedzdtelze sipw  dz0 GMhdese | HOdzdzr =, Mis@ dzs o @ I i
fJmMsdOdzdL Jteso Odzdz” d3,  Isduyds’" @3 d EZf§ tcOo dzw §
s OB dzd yo dzzyh dr ftcOCIsdeC.
ddzZOdzdL twWOMMdstslstej dzde" = dMissyded s s ¢
fpdzj Hiseo Odzd W o 5B ZOMis-ff OLCRMI d fr) thfigftdnjlsH s tstsug
| MCtsdz? SR Cdzs yjorn dzOff tcOo dzj dzd 2 : fsorh
CkmMmise j dzdese s ddzlsj dzdzj CIs©O d -efQ@zfdsdedztsizy tizlst
s
H

S EFEE S Do

o ne o

odL EzOdzd ef@yscfyd) MEo dzj i OS] B MY -
s2ydoetsmlsd yYydWtetser i tej h J dad 2 . 1 tod 4k
UjteSdo0Ojlsmw dzj sBABHJBSMIS: C s dzj S fr
dsdzsedd MBBtO, ~RtOdzgj dzdvw d OdzOdzdL © HC
[ dzw dMmlsj &OIsdL Oydd o Wo dzj dadz T L OF
d 3 ded dzssmisd dzeOkzyde" = tjLEkzdz? KOstss § Is§
SH @OV lsOBddyO® d&zyhdsi §©0Sikds. 1 daj 2
Zydz n fzedzd ¢ Oyd?2, slstcOy O h d j mMtse toj d
©Oo dzj dzgd v H Odzgdz’ 3, OdzOdzdIsd S d-id Mg g tetso t

vOB&EYG Eyh dj (wOClkd M shHa @dzg B OIsfmo v L O dzdz'
HOdzdzr 3 J O dzO elpdilindsi w0 Ra CRM

NgI= G=ENIogae

=S098

1 Of tc@o dz) RMIstsy( [ Mdzts o dzn j tdOdzt dz"| 1 .cOCIsd uy
v j BOIsd difidzj Hisg toj L zdz s § tod d3j ded st
fnlsOlsd fls Is 4 d3d
l tetsce dgtsL (Liu et al., RleSJtGlItQJLUtGiSSJdZJ [ 4 d3sdzmisted
dJ dzj v e|2022 BHtsH j|~20 %; o tsL 3tsy dzts )
S h o ws) dzdp© l]’tstsGdzISth:l]’tsJHfr]QOL(l]’tsq’d3szszq’
L Of d fnd o jtlosvWilsdsfidaj "o tsC | dstsHj dzj 2
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dzi o Cd | dztsy dzr ~ mMdMmilsj &3OA -
ftcd sdMtcOB OIsT 9 L Of d Md
LOf dMmd. ftesedetsL d te
ftsojHJjdadW
Cdzd j dzlsts o
sfisdidL Oy
Oy d fOded
sOyj MmMlsetPetr oV dzOdzd L f{lsuyyIls Expgl sHyjtSde
HOdzdzr = ¢ 2020 COyimMmboa O |% C@Bf Oddzj sBR SH J O
HOdzdz" = d |dd3d ¢ Is o dzj Htcj dad W
dn B mOdzd L B sdzdIsd € d
ftcjHslsot(Csdzlstesdzv |z tc Oo dzj dzd
H Odzdz" = ; COyj Mo s
33 % ¢ 5| (Data Governance
tedmCkzs Is ftcd
MissdzC dzz s | f tetsj SIsdtets
¢ ddz?¥ st 3OV CRM-ind Milsj &3
B3 StedL dmt tsdzdz@20dE ) ¢
LY tcOo dzj ¢ Albrecht, it OLtcOBBIsG [ §f tots A|l sHlse jto) H
COyj Mlso t Overbeek & W tc j 2 dzo Bte{C s Oded 2 ;| dzj 5B -~ BH d d3
HOdzgdz" = -¢van delzf teQo dzj dggW d S Mdtclzs Ko Mistetsj dadz"
f dzOIs W 5 tc ¢ Weerd, COyjmMsosglkze " Is¢d tlidi m Oded L di3ts
2023 (Data Quality| € OyJ Mlse O | € ts dzls tc ts dzw
Management H Odzdz" n 9 0dzdHOyYydqd
Framework). 520%e " tczy|f ted tcOL
Oterndlsi CIskz
ts dzdz@ 20dE ) ¢
{ ON d dzdzts | Weinzierl et|f ML fso"|ML-Odzé stcd s} SHHjtey do
tsB Iz yd ded J al., 2024 LWWjSIsdogHtsS OL Odzd |ddzlsj cteOY ¢
Zf tcOo dzj ¢ BPM-indMmisj d3 Mtf sise dzatsflOdzOdzd Isd € ¢
BdL dzj MsCteOh OW |Mmded y Ols! (MmdMmlsj d3"
fesyj M drHjtwysd | d SflsdddL Oy
Z dzlz yh ow Qo lstsBOId L d tcOMmy toj
ftoscdzesL ditelzlsd dzdz" j [L OW o 5€C o
ftesyd mfmr L O dmd.
Clsdyj MS ¢ Samorani e{rR L Iz yJ dzts I BdzOtclzy J g} sHyYY teC do
tedm¢ d N al., 2022 ML-Odze stcd I9lstcOH dydsgo Oy datsyls ¢
f dzO dzd tc ts ¢ ZzO0 MftcOo jML-@3BH j dzd |t OL tOB sIs €
ftody d3tso f zOdzdtetso Azfmd dzd @ O I§4 Isd ydz' n

tcOMmtse ' j
ftoj HdAztsY § G
Odze st6(d Is d3,
ZMmlstcOdzw & h

ftotsL tcOydz
OdzO dzd Is d
BisHj dzj 2

dmisj dddelzy MdMmlsj d3 -

ftcjHoLVYIsHL Of dMm(.
Bl-H O B tstg| Gongalves |Bl-H Oh BtstcH | dzj Hicj dzd j) tSHIs9 J to) H
H dzw Odetal,h 2023 |[ddzls j cted el Bl MsC |t WWJjClsdo d
LWWSIsd ¢ H QOdzdz" J Cotej BY §S|HOMNBEBStGHTEIS
ERP ted h 4 ded 2 Bsdzd Isste d di
odLEZOddL qf so " Mddzts |y d L dgj dzdats &
ftosL tOydeiL OW o ¢ d
Codzlstesdzv | CRM-ind Mls i d3¢
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1§ L s Ofq Kumari, ltod d3j daj dzd ) dztsC yj 2 dz|) SHH jtey do
L O dIsO Sarkar &|BdzsC yj2dzise M judgadmfsdz L 59
® CRM Singh, 2023| L O dIs7 d |dzj L d3j dg¥ JteOMY tcj H § dz
® CRM. H Odzdz" n Isj R detsdzts @
ftosL cOYdstt ( B dzsE yj 2

OkzHdIs O, L Oh dIsr
tedMS YsHHY JtohtsdzOdz
HOdzdz" =~ o-

L Of dMmd.
R dzls j ¢ tc O Ledro, ¢ dzOdzd L JitciHjdzig)l sBSEO]Is
® CRM Nosella &|lsj mndzsdzsegC dzé yjor J |(Wsted3dtetso ©
Dalla d Emyf jhdes?2 [MIstcOIsjecdd
Pozza, 2023 stcc Odzd L OV dzls § 6 teOYyqgoe dzj Htej dzd v
BOt! jteso |’ MsCts] OdzOdzd Isd € ¢

9 dzj Hicj dzd WH Odzdz" -, Bts H iz dz!
ljJtefnlsdzOdzCOslslsd30lsq’L
OHOf sOydWtsdzdz@20dE d ¢

ftesyd MM

vilsts?2 ydeLi, Lin & | CRM- [ BCOL Odgts,| [ BsSdesa T o
4 tcOo dzj ¢ Zhang, Emiss2ydotiodsj Hicj dad j o § dzs yj dad J
¢ dzd J dzls © ¢ 2023 tc OfMMd3OIs tc d sustainable CRM§ tcd dzyd if so
(Sustainable Cco¢ Msots|fso" hOjIs |[EMlsts?2 ydo s
CRM) MistcOIsj cdIdzsw dz! desmliz tc O dzj dzd
IS ndzsdzsa S dzd § dzlstse | OdzOdzd Isd U
ftoesyd MmMsgmded y OJ Is ¢ sdzls tots dzv -
O Bzl Oter dlsj Silskz
ts dzdz@ 20dE d ) ¢
tJGq’lsdzOcstslzLSWCRfr]fndzc;Htsaco(lsdsc;u,jdzo 1 sSHIse jtoy H
tor dats ¢ l.w., M iydW¥dedL OadMmd d3tsfiOC sz Odz! dats
(t sigipdw fsMmismso j §d B Stclsdetsq dzts S Odzd L 59
sOL 08 fls( 6" dz$ O -|dzj HisMIsOl Y CRM-te j N j dzd ]
Isj rndesdztse gtsils j Yy Milse jdzj 5B - SH J 3
tejhjdd2; OHOYIsOYd(
ydWwteseo OW | OdzOdzd Is d u d
Lo dzsflsi |d dzfiste iz d34 i
Mtej Hdzed2 HSC OL OR Mis Ods

tcj Odzd 2 .

49 SHdOVY IsOBd&ZdY0O HJ Bsdhistcdtclz | Is, Ylsts
dimMmdzj Hso Odzdw f tsHIse jtey HOE IS L dzOyd di3tsfmls ¢
COC yJ dzlstcOdzt dztsec s | dzj dfjddaisl) dg. W WiJ @Blstflerdz Lai U
d Samorani et al . (2022) fsCOL" 908 Is
ftosecdzsL Jtetso Oded W (S J szo[w fsdz L s9 Ols ] dz
OdZGtstGdlsd3ts_aOi]'t3ﬁtgiZ{OQdP r [ (2020) d Al br
9 Oy desmis! B J MY J UJ dz,q’W QOqur]lsaG) d HEtsmiIstse
Cstete] S Isdets?2 OdzOdzdIsdSd d odL EzOdzdL Oydd. R
Weinzierl et al . ( 20ddhls teizjdgzddis s tdfdita zes tdsdzw
fsor Mdls! ftosL P Nightso, L degp M d MsCteOIlsd
tej hjdzd 2.
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stesdz] IstsG s, fzedzd c Oydd Kumar.i et al
sBtOh O ls odzd BOdzed) dzO oBftesmr’ BJ LS Offdz
ydwtetse r d3 iy dfist] jdf0lsy Clstster | MisOdztseo W Is v
ftesy CSIsdeso Odzdd Mo toj d3d dzdz -1~ O YCRMM . d ] de@flssio
tcOB SIS (stekzlswCtso, 202 2; [ EmMOdzdj 9 O d
fsmismtso jIsME s Cdzlsj € Mlisy shdetso dzr d3 o " Lt
BOt! jtor d dzgj roOBCO dzsCOdzdL dttseo Odzdz" = toj N

vsOCdds tBteOL 53, ftosOdzOdzd L d tetso Odadz" |

tcjLzdz sOIsT f sSHIse j oy HOB Is dzj sSB R SH d di3gsMls -
Ef tcOo dzj dzdw H Odzdz" d@zd, o Ctlttets?2 1 IsOfr MmBt
sBJ J HJdzj dgr o JHddkzs Mmdmhlsj Bk. Clsts tsBj M
ftesL tOydzs iflae s yg dhimdzpm d oL BB dzsMmlis i tcd dg
tcj Odz! desets 1 gftzj dgidatzd IsOC Ow Ctsdzyd f ydw dzj % ¢
BOcdMmlsjtemMS 52 tOBSIS" .

1 OC dz6 yd ded J .
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flsj fj ded ddpyJ dgj tedets2 4gsmsaqu4mcsz q
TOEOClkjtedL s kMY Gldshdlsj d ds?2 Oslstsds dd
20 ftdesHd § sy mmr; ddisjdmdodzy § MmdHf
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ARTIFICIAL INTELLIGENCE IN BIOLOGY CLASSROOI
A CRITICAL EXAMINATION OF PRACTICAL CONSTRAIN
AND INSTRUCTIONAL GAINS

A.Ye. Baisalova
MSc student iBiology, Faculty of Education and Humanities,
SDU University, Kaskelen, Kazakhstan

Al-based tools have infiltrated high school and coleyel biology courses
ahead of pedagogical research on how to use them effectively. This article examines
some of the major difficulties encountered in secondary and higher education biology
courses with respect to assessment validity, hallucination of biological facts,
disparate student access, and increased time burdens on educators. In addition, the
paper highlights several positive teaching applications, including fostering data
literacy skills, individualized instruction, and swift creation of formative assessments.
Preliminary model for the incorporation of Al tools is presented. Evidence comes
from recent case studies (202B25), teacher surveys, and systematic literature
reviews.

Key words:Artificial intelligence; biology education; large language models;
pedagogical constraints; assessment integrity; Al hallucination; data literacy;
personalizedlearning; equity in education; teacher professional development;
formative assessment; inquibased instruction

Introduction.

Biology teaching is based on complex paradox. The discipline itself is relied on
computation, specifically in subfields as genomics, systems biology, ecological
modeling, protein folding prediction. At the same time, introductory courses in basic
classroom settings remain traditional with drawings of cells, physical dissections,
paperbased worksheets, and handwritten lab notebooks. Al tools sit exactly at the
center of this divide. They provide computational power, but are being introduced in
classrooms still equipped with basic microscope and markers.

By 2024, ChatGPT has showed transformative potential in educational context
[1]. Studies from multiple universities have revealed that the majority of
undergraduate students use Al tools in their coursework, but very few of them have
actually acquired knowledge of any formal instruction on how it is allowed to be used
[2.3]. This mismatch between students behavior and instructor policy is not
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acceptable. It creates a hidden system where students assume rules can be ignorec
whereas honest students may face disadvantages compared to peers who deploy thes
tools openly.

A recent systematic review of Al in biology education examined 39 articles
published between 2010 and 2024, drawing from Web of Science, SCOPUS, ERIC,
and IEEE Xplore databases. The review showed that although the use of Al
applications is growing, there is still a lack of research on crucial areas as
evolutionary biology, biodiversity, and Adupported educational games and
simulations. The review also highlighted the limited representation in other regions,
when most of the researches have been conducted in the United States, Asia, and
Europe.

This paper uses different approach. Rather than asking whether Al is good or
bad for biology education, it focuses on more specific questions. What does Al
actually disrupts when being introduced in classrooms? What unanticipatedly
improves? And what realistic steps can a regular educator take right away? The focus
is limited to secondary (grades 12) and introductory undergraduate biology
courses. It excludes gradudésel bioinformatics training or fully online
asynchronous courses, since those work differently.

Practical Constraints

Constraint 1: Assessment Integrity Erosion

The most immediate constraint is not cheating in the moral sense, but it is the
collapse of certain assignment formats. Al can now completéashky that asks for a
definition, a process description, or a short comparison instantly. Research on
Chat GPTO0s perfor mance I n answering S cC
although its responses often matched key ideas from existing research, it also tended
to present itself as an unquestionable source of knowledge, often without enough
evidence or proper limitations [1]. This creates a particular danger for fledging
learners that are not able to distinguish when agekierated answer is incomplete or
subtly wrong.

A critical evaluation of large language models in bioscience higher education
[3] have revealed several concerns, such as the risk of plagiarism, academic integrity
issues, algorithmic bias, and limited contextual understanding. The study, which
included an extended interaction with ChatGPT, found that although these models
can support personalized feedback and tutoring, they also present major challenges
for maintaining authentic assessment [3].

Constraint 2: Hallucination and Factual Instability

Biology is built on hierarchy of knowledge, so even small errors can lead to
major misconceptions. The systematic review [4] found that Al tools in biology
education vary greatly in their accuracy reliability. More specifically, research on
| arge | anguage models (LLM) in educatic
responses, hall ucinations, bi ases, pri:
common problems [5]. In a research, which conducted interview with 20 educators
and students, the remehers documented participants raising ethical concerns that

232



~o h. ™. a "~ ~ a m'A_gZO‘26h

directly impact them, including the tendency of LLMs to give convincing but
inaccurate responses [5].

Differentiating sources that are 78% and 95% reliable is almost impossible for
novice learners. The teacher becomes the only reliable source of information. This
add labor to educators, rather than reducing it, because teachers must now review
works for factual accuracy, not just for reasoning and style.

Constraint 3: Unequal Access and Hidden Costs

Not all Al tools are free, and free versions do not provide the same features as
premium versions. Students using free subscription plans of an LLM often receive
shorter, slower responses, and usually do not have possibility to upload images. On
the other hand, student that paid versions are able to upload diagrams, analyze
datasets, and receive more sophisticated outputs. This creates a digital divide, which
has been noted as a significant concern in the bioscience education literature [3].
Researchers call for a fair access to digital tools and the need to provide digital
literacy training.

Constraint 4: Instructor Training and Time Deficit

The final constraint is less about technology and more about human. Most
biology educators have not been trained to evaluatgeAkrated content, create
assignments that are less vulnerable to Al misuse, or teach how to prompt effectively.
Research on lesson planning with ChatGPT for ingoaged biology learning
identified that while LLMS show potential in being helpful as initial planning tool,

t hey Anecessitate thorough eval uati on
possessing robust pedagogi cal cont ent
replace teacher expertisét changes how that expertise is applied.

Instructional Gains

Gain 1: Data Literacy Practice, Not Data Entry

The strongest gain of implementing Al is data handling. In traditional biology
labs, students often have to manually calculate means, standard deviations, and basic
graphs. Although this tedium helps gain important skills, the repetitive work often
overwhelms the actual learning. Al that is able to clean messy datasets, identify
outliers, and suggest appropriate visualizations allow students focus on interpretation
rather than mechanical steps.

The systematic review by [4] identified several successful applications of Al in
biology education, including data analysis and pattern recognition tasks. Similarly,
research on large language models for extracting biological interactions from
unstructured data has shown that these tools can perform automated text analysis
tasks as effectively as manual human work, while also improving consistency [7].
Although this research focused on scientific applications, such as identifying gene
interactions from published studies, it also shows how Al can support classroom data
literacy by managing the technical parts of data processing and allowing students to
focus on understanding and interpretation.
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Gain 2: Personalized Scaffolding for Struggling Students

Large language models are especially useful generating analogies and
simplified explanations whenever students need them. For instance, a student who
struggles with understanding gene regulation can ask for an analogy without feeling
embarrassed to raise a hand in class. The Al may generate as many different
analogies as the student request without getting tired or impatient.

The critical evaluation of LLMs in bioscience education [3] found that these
tools can facilitate fApersonalized f ece
scientific terms, enhancing student comprehensiondseltted learning, and critical
thinkingd The researchers also noted that Al can support undergraduate bioscience
education by introducing new teaching methods and different ways of assessing
student learning [3].

Nevertheless, a study on using Chat&®rlfor inquiry-based biology lesson
planning [6] revealed considerable variation in output quality. Among 60 biology
lesson plans generated across four key topics (cell biology, genetics/evolution, human
biology, ecology), only 5 lesson plans reached 75% or higher of the maximum
possible quality score, while 22 lesson plans achieved less than 50% [6]. This
suggests that although Al can occasionally create-dpgthity educational materials,
consistency remains challenge. The stu
challenges as human teachers in planning appropriate idgirng e d | essonso

Gain 3: Rapid Generation of Formative Assessment

Teachers claim that the major benefit of Al application is not for students, but
for the teachers themselves. Generative Al is exceptionally good at producing
multiple-choice questions, sheanhswer prompts, and lestakes quizzes, given a
clear source text.

Cooper's exploratory study [1] found
for educators designing science units,
Afeducators shoul d -generdted ;esolrteyand @adapt it 1o #heire
specific teaching contexis.Additionally, the research highlighted several ethical
concerns related to Al, including its environmental impact, challenges in content
moderation, and risks of copyright infringement [1].

Mollick and Mollick [8] proposed seven approaches for utilizing Al in
classrooms: Atutor, Al-coach, Atmentor, Aiteammate, Akool, Al-simulator, and
Al-st udent . Their framewor Kk underl i nes
pedagogi cal benefits and risks, o0 and t
| o oipactively overseeing and critically assessing Al outputs [8]. This framework
offers a practical guide for educators navigating the integration edssisted
learning.

A Provisional Framework for Classroom Al Integratian

Based on the previously mentioned constrains and gains, There is no single Al
policy that will fit every biology classroom. However, research and the experiences
of early-adopting teachers suggest three important guiding principles.
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Principle 1: Separate Lovbtakes Practice from HigBtakes Demonstration

Al should be permitted, even encouraged, during-dtakes formative work,
but clearly should be restricted during major assessment works. The framework
proposed by [8] draws a line between the cases when Al is used in classrooms,
varying from tutoring (higher scaffolding) to tool (minimal scaffolding). Instructors
mi ght 1 mplement a Atraffic | ighto syste

- Green light (Al fully permitted): Brainstorming, data cleaning, generating
initial drafts, practice quizzes

- Yellow light (Al permitted with disclosure): Final written assignments
where students must attach their chat log

- Red light (Al prohibited): Irclass handwritten summaries, oral exams,
practical lab skills checks

Principle 2: Explicitly Teach Al Verification as a Core Skill

Students must learn how to evaluate Al responses. This is now a biology skill,
similar to learning to check the reliability of sources. The stakeholder ethics study [5]
emphasized fHAthe necessity of gui dance
education, including teaching digital literacy, rethinking education, and having
cautious and contextual polictes

A brief instructional module on how Al can give confident but wrong answers
should teacHearners to improve their critical thinking skills when it comes to Al

out put s. Students need to |l earn to ask
come from?0 nDoes it mat ch what I | e al
| ogi cal sense given what | know about t

Principle 3: Assume Nothing About Home Access

Any assignments that permit or require Al use should also have options to
complete without implementing Al. The critical evaluation by [3] specifically called
for attention to Nnequitable access andc
setting® Teachers should give alternatives toraguiring tasks, or give Ahccess
to students who do not obtain it at home or for students who prefer to complete task
without it.

Future Research Directions

The systematic review [4] identified several gaps on current research on Al
application in biology education. First, there is limited research on using Al to teach
topics related to biodiversity, evolution, and evolutionary processes. Second, there is
insufficient research on Adupported educational games and simulations in biology
learning. The review suggests expanding research to include educational games that
motivates students to learn and simulations that support learning across many areas of
biology [4].

Additionally, research is in demand in several important areas, including: (1)
longitudinal effects of Al use on conceptual retention, (2) development of biology
specific Al literacy standards, (3) comparative effectiveness of different Al tools
(generative vs. image recognition vs. predictive modeling), and (4) the role of Al in
laboratory skill acquisition [3,4,6].
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Conclusion

Al tools are entering biology classrooms, regardless of how ready schools are.
Teachers face with this challenges lacking formal training, without clear agreements
within their departments, and with limited practical guidance that addresses everyday
classroom challenges rather than theoretical possibilities.

The advantages of Al are real, but narrow. Al offer automating routine
calculations that significantly improve data literacy instruction. Students receive
better scaffolding from Al tutors. Teachers are able to reduce their workload by
generating routine teaching materials [1,8]. On the other hand, constrains are also
real, and broader. Nowadays, assessment requires more attention when it comes to
detecting incorrect Agenerated information. The inequality arises when premium
plans outperform free ones. Additionally, teachers are required to acquire new skills
without proper professional training [3,5,6].

The most honest conclusion is also the most difficult to accept: there is no
single solution. Some biology topics (ddweavy labs, evolutionary modeling,
ecological simulations) integrate Al productively. Others (anatomical identification,
pathway memorization, foundational terminology) may not benefit as much [4,6].
What is clear is that entirely banning Al is impossible, but hoping that Al solves
pedagogical issues without creating new ones is naive.

The work ahead is incremental, subjspecific, and will require strong
teaching expertise [6]. It involves revising assignment individually. Checking Al
generated outputs for subtle errors. Designinglaiss assessments that cannot be
outsourced. Having department meetings about where to draw the line. That is not a
dramatic transformation, it is a part of ongoing teaching.
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This paper examines the pedagogical challenges associated with integrating
artificial intelligence (Al) and digital technologies into primary language education.
While Al offers significant opportunities for personalized learning, increased student
engagement, and improved access to educational resources, its implementation in
early education remains complex and uneven across different educational contexts.

The study adopts a combined analytical approach, integrating a review of
contemporary literature with empirical insights from a parental survey conducted in
an urban context. The findings reveal a persistent gap between awareness and actua
use of digital tools, as well as a strong relationship between institutional support and
Al adoption in educational practice.

Keywords:artificial intelligence, digital technologies, language skills, primary
education, institutional support, parental attitudes, pedagadiedienges.

Introduction.

Contemporary education is undergoing a profound transformation driven by
the rapid development of digital technologies and artificial intelligence (Al). This
transformation is particularly significant in primary education, where the foundations
of language developmémeading, writing, speaking, and vocabulaye established.

The integration of Al and digital tools offers new opportunities for personalized
learning, increased student engagement, and access to diverse educational resources
At the same time, it raises complex pedagogical, methodological, and social
challenges.

Globally, the use of Al in education has expanded rapidly, with applications
ranging from adaptive learning platforms to automated assessment and intelligent
tutoring systems. These technologies have the potential to enhance learning outcomes
and support differentiated instruction. However, their implementation in early
education remains uneven and often lacks clear pedagogical frameworks. As a result,
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teachers and parents frequently face uncertainty regarding how to effectively and
responsibly integrate Al into the learning process.

Existing research highlights both the opportunities and risks associated with
digitalization in education. On the one hand, Al enables personalized learning
trajectories, immediate feedback, and improved access to educational content (Leal
Filho et al., 2025). On the other hand, studies raise concerns about reduced critical
thinking, overreliance on technology,
social and emotional development (Carr, 2011; Nwosu et al., 2021). These challenges
are especially critical in primary school, where children not only acquire academic
skills but also develop cognitive and social competencies.

At the same time, the integration of digital technologies in language education
varies significantly across regions. In many Asian and emerging educational contexts,
rapid digitalization is often accompanied by structural challenges, including unequal
access to technology, insufficient teacher training, and limited methodological
support. Similar patterns can be observed in Turkiye, where language education
reforms have been actively promoted at the policy level but face implementation
challenges.

Research on Turkish primary education demonstrates that language policy
innovationg particularly in English language teachirge shaped by both maero
level planning and micrb e v e | classroom realities (I
reforms emphasize early language learning and modernization, their effectiveness
depends on teacher readiness, resource availability, and local adaptation. More recent
studies indicate that research in applied linguistics and language education in Turkiye
is dynamic and evolving, with increasing attention to instructional technologies,
mul ticultural education, and socially |
2023). However, challenges remain, including a tendency toward pragtcded
research and limited engagement with broader theoretical frameworks.

Further mor e, contemporary anal yses
policies reflect a complex and shifting international orientation, balancing between
Western and Eastern influences. This has implications for early language education,
where internationalization efforts are often inconsistent and influenced by broader
sociopolitical dynamics (Unal, 2025). As a result, the implementation of innovative
approachdsncluding digital and Adbased toolsmay vary across institutional
contexts and lack systemic coherence.

Another key issue widely discussed in the literature is teachers' readiness to
integrate digital technologies into their practice. Research shows that insufficient
digital competence, lack of methodological guidance, and limited institutional
support significantly hinder the effective use of Al tools in education
(Peciuliauskiene et al., 2022; Barrot & Acomular, 2022). Even when technologies are
available, their pedagogical value depends largely on how they are implemented and
supported within the educational system.

In addition, digital inequality remains a persistent global challenge. Unequal
access to devices, internet connectivity, and Joighlity digital resources can
exacerbate existing educational disparities (Ertmer & Otterbeévich, 2010).
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This issue is particularly relevant in emerging educational contexts, including parts of
Central Asia and Turkiye, where Al integration is still developing and institutional
support mechanisms are not yet fully established.

Despite the growing body of international research on Al in education, there is
still limited empirical evidence from underrepresented regions, including Central
Asia. Understanding how Al is perceived and used in these cdnidiis also
considering comparable systems, such as Turksm inform the development of
more inclusive and contesensitive educational strategies.

This paper aims to examine the pedagogical challenges associated with the use
of artificial intelligence and digitalechnologies in developing language skills among
primary school students. The study combines theoretical analysis with empirical
insights from a parental survey, providing a contextual perspective on the factors that
influence the adoption of Al in education. Particular attention is paid to institutional
support, methodological guidance, and parental attitudes as key elements shaping the
effectiveness of digital learning tools.

The study is based on the assumption that insufficient institutional and
methodological support significantly limits the effective integration of Al into
primary language education, thereby intensifying existing pedagogical challenges.

Materials and Methods

This study adopts a mixed analytical approach that combines a review of
contemporary research on artificial intelligence in education with empirical insights
obtained from a parental survey. The empirical component serves as an illustrative
and supportive element, providing context for how Al and digital technologies are
perceived and applied in primary education. The survey involved 113 parents of
primary school students (gradet4) in an urban area of Kazakhstan. Participants
were selected on a voluntary basis, and data were collected anonymously through an
online questionnaire. The instrument was a bilingual questionnaire (Kdzagsian)
consisting of three main sections: (1) demographic characteristics and access to
digital resour ces, (2) use of di gital
parental perceptions of their effectiveness and practical application. The
guestionnaire included a combination of clogeded, Likerscale (fivepoint), and
openended questions, allowing for both quantitative and qualitative analysis.

The survey addressed several key dimensions, including:

- access to digital infrastructure (devices and internet quality),

- parental awareness of educational technologies,

- frequency and types of Al and digital tool usage (e.g., educational
applications, chatbots, adaptive platforms),

-perceived I mpact on childrends mo t
development,

- parental concerns and expectations regarding the use of Al in education.

Data collection was conducted via an online platform (Google Forms),
ensuring accessibility and ease of participation. The data analysis was carried out
using both quantitative and qualitative methods. Descriptive statistics (means,
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standard deviations, and frequency distributions) were used to identify general trends
in the use of digital technologies and parental perceptions. In addition, Pearson
correlation analysis was applied to explore relationships between key variables,
particularly the association between institutional support and the use of digital tools.

Qualitative data from opeanded responses were analyzed using content
analysis to identify recurring themes in parental attitudes. The most prominent
concerns included potential dependence on digital devices, reduced development of
critical thinking, and a possible decline in social interaction. It should be noted that
the empirical component of the study is exploratory and intended to provide
contextual insights rather than generalizable conclusions. The findings are therefore
interpreted as indicative of broader trends and challenges related to the integration of
Al in primary education.

Results

The empirical observations provide several important insights into the use of
artificial intelligence and digital technologies in primary language education.

First, the findings indicate that digital devicparticularly smartphonéare
the primary tools used for educational purposes in the home environment. At the
same time, a notable proportion of children continue to rely on traditional learning
materials, such as books and notebooks, suggesting a hybrid learning context in
which digital and conventional approaches coexist.

Despite generally adequate access to internet infrastructure, the actual use of
digital tools for language learning remains limited. While many parents demonstrate
awareness of educational applications and digital resources, this awareness does not
consistently translate into regular use. This gap between awareness and practice
represents a key barrier to the effective integration of digital technologies in early
education.

A particularly significant finding concerns the role of institutional support. The
data suggest that schools provide limited systematic guidance regarding the use of
digital tools for language development. As a result, parents are often required to
independently select and evaluate educational applications, leading to fragmented and
inconsistent use of digital resources.

In terms of educational priorities, parents tend to emphasize the development
of oral communication skills as the most important aspect of language learning. Other
components, such as reading, writing, and vocabulary development, are also valued
but are perceived as secondary. This highlights the socially oriented nature of
language education at the primary level.

Qualitative analysis of opeended responses reveals a complex and
ambivalent parental attitude toward the use of Al in education. On the one hand,
parents recognize the potential of digital technologies to enhance motivation to learn
and provide access to diverse educational content. On the other hand, they express
significant concerns regarding possible negative consequences.

The most frequently identified concerns include:

- reduced student independence and critical thinking,
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- increased dependence on digital devices,

- potential decline in cognitive and language development,

- reduced fac#o-face interaction between teachers and students,

- lack of trust in the accuracy and reliability of-génerated content.

At the same time, parents highlight several conditions necessary for the
effective use of digital technologies in language learning. These include access to
high-quality educational applications, reliable digital infrastructure, methodological
support from schools, and the integration of digital tools with traditional teaching
approaches. Particular emphasis is placed on maintaining live communication and
supporting studentsod6 cognitive developr

Overall, the findings demonstrate that parental attitudes toward Al in education
are characterized by a combination of optimism and concern. While digital tools are
perceived as potentially beneficial, their implementation requires careful pedagogical
guidance and institutional support.

Descriptive statistical analysis indicates a moderate level of digital and Al tool
usage, alongside a slightly more positive perception of their effectiveness.
Furthermore, correlation analysis reveals a strong positive relationship between
institutional support and the use of digital technologies (r = 0.639, p < 0.001). This
suggests that structured guidance and recommendations from educational institutions
significantly influence the extent to which digital tools are integrated into the learning
process.

Taken together, these findings support the assumption that institutional and
methodological factors play a decisive role in shaping the effective use of artificial
intelligence in primary language education.

Discussion

The findings of this study contribute to the growing body of research on the
integration of artificial intelligence and digital technologies in primary education,
highlighting both their potential and the complexity of their implementation. The
results confirm that while digitalization is increasingly recognized as an essential
component of modern education, its practical realization remains uneven and
dependent on a range of contextual factors.

One of the key insights of this study is the discrepancy between awareness and
actual use of digital tools. Although parents demonstrate a relatively high level of
familiarity with educational technologies, this awareness does not consistently
translate into regular practice. This gap suggests that access to information alone is
insufficient for meaningful integration of Al in education. Instead, structured support
mechanisms are required to guide both teachers and families in the effective use of
digital resources.

A central finding of the study is the significant role of institutional support. The
identified positive relationship between school support and the use of digital
technologies indicates that methodological guidance, clear recommendations, and
pedagogical coordination substantially influence the adoption of Al tools in
educational practice. This result aligns with previous research emphasizing that
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teacher readiness, institutional frameworks, and professional development are critical
determinants of successful digital transformation in education (Barrot & Acomular,
2022; Peciuliauskiene et al., 2022).

At the same time, the study reveals important spsichological dimensions
of Al integration. Parental concerns extend beyond technical or methodological
| ssues and refl ect deeper anxieties r
development. Fears of reduced independence, diminished critical thinking, and
increased dependence on digital devices suggest that Al is perceived not as a neutral
tool but as a factor that may fundamentally reshape the learning process. These
concerns highlight the need to consider parents not only as observers but as active
stakeholders in the educational ecosystem.

The findings also suggest that language education at the primary level is
strongly oriented toward developing oral communication skills. This emphasizes the
importance of balancing digital tools with pedagogical approaches that support
comprehensive language development, including reading, writing, and vocabulary
acquisition. In this context, Al should be viewed not as a replacement for traditional
methods but as a complementary tool that enhances, rather than substitutes for,
human interaction and teacher guidance.

More broadly, the results reflect a dual perspective on the role of Al in
education. On the one hand, digital technologies offer significant opportunities to
improve learning outcomes, personalize instruction, and increase student motivation.
On the other hand, their implementation introduces new pedagogical,
methodological, and ethical challenges. This duality underscores the need for a
balanced and contesgensitive approach to digitalization.

From an international perspective, the study reinforces the idea that the
successful integration of Al in education is not solely a technological issue, but a
systemic one. It requires coordinated efforts at multiple levels, including institutional
policy, teacher training, methodological development, and family engagement. In
emerging educational contexts, where digital transformation is still evolving, these
factors become particularly critical.

Overall, the findings highlight that the effectiveness of Al in primary education
depends less on the availability of technology and more on the quality of its
pedagogical integration. This underscores the importance of developing
comprehensive strategies that address not only technological adoption but also the
human, methodological, and institutional dimensions of educational change.

Conclusion

This study confirms that insufficient institutional and methodological support
remains a key barrier to the effective integration of artificial intelligence and digital
technologies in primary language education. The identified relationship between
institutional support and the use of digital tools highlights the central role of
educational systems in shaping the conditions for meaningful technology adoption.

The findings reveal a consistent gap between awareness and practical use of
digital resources. While parents are generally familiar with educational technologies,
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their application in everyday learning remains limited due to the lack of structured
guidance, methodological support, and established pedagogical practices.

The study demonstrates that the challenges of Al integration are
multidimensional and operate at several interconnected levels: technological (digital
inequality and access), methodological (lack of instructional frameworks), human
(insufficient teacher preparedness), and spsiychological (parental concerns about
dependency, critical thinking, and the role of teachers). This complexity indicates that
integrating Al into education cannot be addressed through technological solutions
alone.

At the same time, the results reflect an ambivalent parental perspective. Digital
tools are recognized apotentially beneficial for increasing motivation and
supporting learning, yet they also pose risks that require careful pedagogical
regulation. This dual perception reinforces the need for a balanced and responsible
approach to the use of Al in primary education.

From a broader perspective, the study underscores the importance of
developing comprehensive strategies for Al integration that include teacher
professional development, systematic methodological support, improved access to
digital infrastructure, and active family involvement in the educational process. The
empirical component of the study is exploratory and corgpgtific, which limits
the generalizability of the findings. Future research should expand the sample,
include multiple stakeholders (teachers, students, and policymakers), and employ
experimental designs to better understand causal relationships and effective models
of Al integration in primary education.

Overall, the study contributes to the international discussion on Al in education
by emphasizing that the success of digital transformation depends not only on
technological availability but also on the quality of its pedagogical and institutional
implementation.
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Projectbased learning (PBL) offers a productive framework dexeloping
critical thinking in English language classrooms because it requires students to use
language to explore, compare, justify, and communicate publicly, rather than simply
reproduce rules in isolation. In Grade 7, where students already have basic language
resources but still need visible support, PBL can connect reading, speaking, writing,
vocabulary, grammar, and collaborative decigimeking around meaningful
problems.

This article examines the theoretical relationship between PBL and critical
thinking in English language teaching and proposes a set of teaching resources
suitable for Grade 7 students. The focus is on pedagogical design: how tasks,
guestions, group roles, assessment criteria, and reflection questions can be organizec
so that students learn to interpret information, analyze alternatives, evaluate evidence,
draw conclusions about consequences, and explain their choices in English.

The article argues that the effectiveness of software in language education
depends on a clearly formulated focus question, anappgepriate, authentic
context, structured inquiry, teacher support, and clear criteria for critical thinking.
Practical examples include project assignments on school ecology, digital safety,
healthy lifestyles, local culture, and moral dilemmas arising from reading, with
adaptable prompts for classes of varying ability levels and language support strategies
for both regular school lessons and extracurricular project weeks.

Keywords: ProjectBased Learning, critical thinking, English Language
Teaching, Grade 7, project tasks.

Introduction.

Critical thinking in school English lessons should not be reduced to occasional
guestions after a text. It develops when learners understand information, compare
alternatives, use evidence, and express a reasoned position in the target language
Controlled exercises remain necessary for accuracy, yet they do not automatically
teach learners to judge, justify, and revise ideas. PfBjgetd Learning offers a
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different instructional logic: a lesson cycle begins with a question or problem,
continues through inquiry and collaboration, and ends with a product prepared for an
audience. In English Language Teaching, this means that grammar and vocabulary
become tools for asking, explaining, persuading, evaluating, and reflecting [1].

The relevance of PBL for Grade 7 is connected with the transitional character
of this age group. Learners can already compare, classify, predict, and argue at a
basic level, but they still require visible models and concrete contexts. A project on
digital safety, for example, does not only practise should, must, and must not.
Students analyze risk, decide which rules are essential, justify the order of advice,
and revise their language for clarity. The same principle can be applied to school
ecology, healthy choices, local culture, and reathaged moral dilemmas.

The purpose of this article is methodological: to explain how prohblased
learning can foster critical thinking in severgtade English lessons and to present
adaptable project materials.

Main Part.

ProjectBased Learning is an instructional approach in which learning is
organized around a complex question, problem, or challenge requiring students to
investigate, create, and present a meaningful product. It differs from a simple poster
assignment because the project is not an addition after a topic. It is the structure
through which the topic is learned. Thomas defines PBL through challenging
guestions and student decisioraking [2], while Blumenfeld and colleagues stress
inquiry, motivation, and support for learning [3].

For English lessons, these elements must be interpreted through language. A
driving question must be understandable at the learners' level. Inquiry must include
reading short texts, asking classmates questions, listening to brief inputs, and
recording evidence in accessible English. Student voice does not mean uncontrolled
freedom. It means that pupils choose examples, arguments, product format, and roles
while the teacher provides vocabulary banks, sentence starters, and checkpoints.

Question
Interpret

/ B uiry
Revise Ask
) PBL & CT (
Grade 7 ELT

Evidence
Evaluate

\ /

Decision

Infer

Figure 1. Projectbased critical thinking cycle in Grade 7 English lessons
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Critical thinking in Grade 7 can be operationalized through concrete classroom
actions: identifying the main idea, distinguishing fact from opinion, comparing two
options, selecting the strongest reason, predicting a consequence, and explaining a
choice. These actions match the cognitive skills described by Facione and the
reflective orientation emphasized by Ennis. In ELT, every project should ask learners
to move from information to a justified choice, not simply from instruction to
decoration [4].

Table 1. PBL stages and critical thinking operations in Grade 7.ELT

PBL stage Critical thinking English language Teacher prompt
focus focus

Problem and drivind Clarifying what the Topicvocabulary, What exactly is the

question problem means and | modal verbs, simple | problem?Vho is
what information is causeeffect sentences affected?
needed.

Inquiry Collecting evidence | Reading for gist, Which information is a
from short texts, scanning, asking fact? Which answer is

pictures, class surveyg questions, notéaking. | only an opinion?
or teachesselected

sources.
Analysis and Grouping information | Comparatives, Which option is
comparison and comparing because, however, on| stronger, safer, or
possible solutions. the one hand, on the | cleareraVhy?
other hand.
Decision and Choosing a solution | Persuasive phrases, | What should our final
product and preparing a instructions, advice include first?
product for an descriptive language.
audience.
Reflection and Checking the logic an( Peer feedback, self | Is our evidence strong
revision English of the product| assessment, correctio| enough3s our English
before presentation. | of grammar and clear?
clarity.

A Grade 7 project must be cognitively serious but linguistically attainable. If
the language demand is too high, pupils concentrate only on translation and lose
inquiry. If the thinking demand is too low, the product becomes attractive but
intellectually weak. The teacher needs double alignment. The first line connects the
project with language objectives, for example modal verbs for advice, comparatives
for evaluation, imperatives for instructions, and topic vocabulary. The second line
connects the same project with critical thinking objectives, for example interpreting
information, ranking alternatives, supporting a claim, and reflecting on consequences

[5].

Scaffolding does not replace thinking. It makes thinking visible. A vocabulary
bank helps pupils name the problem. A source sheet gives them evidence to discuss.
A decision grid prevents random voting
shows thatébo, OWe chose this option be
thanéed help | earners express reasoni ng
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reader, vocabulary manager, evidence checker, designer, speaker, and timekeepel
also prevent one strong student from doing all the intellectual work.

The following task models can be used during ordinary thematic units or as
short project weeks. Each task contains a driving question, a language focus, and a
final product. The teacher may simplify the sources for laereel learners or
expand the inquiry for stronger groups. The central requirement is that students must
justify their product with evidence, not only decorate it.

Product

poster

Choice
compare

Evidence
facts
examples
survey

Questions
what?
why?
so what?

Input

texts
pictures
prompts

rank
defend

guide
debate

Peer feedback Reflection card

Vocabulary bank]

bentence sta rter%

Figure 2.Language and thinking flow in a Grade 7 project task

Each assignment contains a main question, a language focus, and a final result.
The teacher can simplify the sources for students with lower levels of knowledge or
expand the research for more advanced groups. The main requirement is that students

must substantiate their results with evidence, not simply embellish them.

Table 2. Project task bank for Grade 7 English lessons

Project title

Driving question

Language
material

Critical thinking
task

Final product

The Greener
Classroom

How can our
class reduce
waste during one
school week?

Should, must,
countable and
uncountable

nouns, school

Students inspect
habits, read eco
tips, rank actions,
and create an

Eco-code poster
and tweminute
oral explanation.

ecology English ececode.
vocabulary.
Digital Safety What should Modal verbs, Students analyze| Leaflet or slide
Guide Grade 5 pupils | imperatives, risky situations, | guide for younger
know before online safety separate safe ang pupils.
using social vocabulary, unsafe behavior,
networks? because and so. | and write rules

with reasons.

Smart School
Snack

Which snack is
the best choice
for a long school
day?

Comparatives,
food vocabulary,
quantifiers,
expressing
preference.

Students compars
snack cards by
price, energy,
sugar, and

practicality.

Menu proposal
with a persuasive
paragraph.
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Project title Driving question Language Critical thinking Final product
material task
My City for What should an | Descriptive Students select | Mini travel guide
Visitors Englishspeaking | adjectives, there | places, justify the| or map

visitor see in our | is or there are, route, and check | presentation.
city or region in | directions, can | time and budget.

one day? and should.
Story Dilemma | What should the | If clauses, should| Students identify | Group debate
Project character do and| would, opinion a moral problem, | card and oral
why? phrases, evidencg¢ compare choices, defense.
from a text. and prepare a

debate card.

A sample task card for the Digital Safety Guide may begin with four short
situations: a pupil shares a password, opens a strange link, posts another person's
photo, or blocks a rude message. Groups mark each situation as safe, risky, or
dangerous. Then they write a rule and a reason using the frames '"You must not...
because...’, "You should... so that...", and 'lt is safer to... than...". The thinking prompts
are concrete: What can happen next? Who can be harmed? Which rule is the most
urgent? [6].

In the Greener Classroom project, pupils observe classroom habits and record
simple evidence: paper waste, plastic bottles, lights left on, and reusable items. They
compare three possible actions by four criteria: easy to do, useful, low cost, and
possible for everyone. The strongest rule is placed first in theaa® and the group
must explain why. A readinbgased project may use a short moral dilemma. If a
character sees cheating in a competition, groups compare choices, predict
consequences, and defend one decision with a sentence from the text.

Assessment in PBL should not be limited to the visual beauty of the product or
the fluency of thestrongest speaker. A balanced rubric must evaluate the thinking
process and the quality of English. For Grade 7, criteria should be few, clear, and
observable. The teacher can assess whether the group understands the problem, use
evidence, compares alternatives, explains a decision, collaborates responsibly, and
presents language clearly [7].

Reflection gives the project its educational closure. A short reflection card may
contain four prompts: 'The strongest evidence in our project was...", 'We changed our
idea because...", 'One English phrase that helped us explain our opinion was...", and
'‘Next time our group should...". Peer feedback can follow the simple formula 'one
clear idea, one strong reason, one question'. This formula teaches pupils to listen
critically without attacking classmates [8].

PBL can fail if it becomes uncontrolled creative work. The most common risks
are mechanical division of roles, copying from the internet, and focusing on design
instead of argument. These risks can be reduced through limited tsetdwted
sources, evidence cards, individual exit tickets, antdass checkpoints. The teacher
remains a guide of inquiry, not a supplier of reatlyde answers.
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Table 3. Rubric for assessing projdxsed critical thinking in Grade 7 ELT

Criterion Focus Basic level Good level Advanced level
Understanding | Restates the Needs help to Explains the Shows why the
the problem driving question | understand the | problem clearly | problem matters.

and identifies problem. and links it to the
who is affected. audience.
Use of evidence| Uses facts, Gives mostly Uses at least two| Selects evidence

examples, or
short source
information.

opinions without
support.

relevant facts or
examples.

and explains
relevance.

Comparison and
decision

Compares options
and chooses a

Chooses quickly
without

Compares option
with reasons.

Evaluates optiong
by criteria and

justified solution. | comparison. defends the
choice.

English clarity | Uses topic Message is Message is Language is clea
vocabulary, difficult to mostly clear with | and appropriate
grammar focus, | understand. minor errors. for the audience.
and
understandable
sentences.

Reflection and | Uses feedback to| Makes little Corrects languag( Improves logic,

revision improve content | revision. and improves ong evidence, and
or language. idea. language after

critique.
Conclusion

ProjectBased Learning is a strong means of fostering critical thinking in
school English lessons when it is planned as structured inquiry rather than decorative
creativity. For Grade 7, productive projects connect a clear driving question,
accessible English input, guided evidence collection, group comparison, public
product, and reflective revision. Through this sequence, learners practise
interpretation, analysis, evaluation, inference, explanation, andeggifation in a
language they are still acquiring.

The proposed materials show that ordinary school topics can become critical
thinking tasks if the teacher requires evidence, comparison, justification, and
reflection. Ecology, digital safety, food choices, local culture, and story dilemmas are
suitable because they are understandable for adolescents and naturally invite opinion,
choice, and consequence. PBL does not replace systematic vocabulary, grammar, or
reading work. It gives them a communicative and cognitive purpose, helping students
see English as a language for reasoning, cooperation, and responsible -decision
making.
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This paper examines the importance and effectiveness of establishing
interdisciplinary connections in teaching English. The article analyzes the role of
integration in the educational process, ways of implementing interdisciplinary
connections, and their Il mpact on the d
and cultural competencies. Particular attention is also paid to the relationship between
language and culture. The research results show that the interdisciplinary approach
enhances studentso thinking skills and
with realtlife situations.
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Introduction.

The modern education system must continuously develop and meet global
standards due to the rapid progress of science, technology, and information
technologies. This process requires improving educational content and methodology,
as well as applying new approaches and strategies.

One of these approaches is interdisciplinary connection, which is a method of
improving the quality of education through interaction between different subjects.
Interdisciplinary connections allow students to apply knowledge gained from one
subject in another field and develop their logical, critical, and creative thinking skills.

This method is especially important in teaching English because English has
become the main tool of international communication today. Integrating English with
ot her subjects expands not only studei
historical, and social understanding. Thus, interdisciplinary connections contribute to
the formation of welrounded individuals who meet modern educational
requirements.
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Chapter 1. The Concept of Interdisciplinary Connections in Teaching
English.

The Concept of Interdisciplinary Connections and Their Pedagogical
Significance

Interdisciplinary connection is th@rocess of integrating knowledge and skills
through interaction between different academic subjects. It enables students to apply
their knowledge in real life and understand relationships between various fields.

Advantages:

| t devel ops student so thinking abi
broadens their worldview.

Example of application:

Connecting English lessons with history and culture classes by asking students
to analyze historical events in English and interpret literary works within a cultural
context.

Methodology of Interdisciplinary Connections in Teaching English

This methodology allows students to gain comprehensive knowledge by
integrating language skills with the content of other subjects. It is based on the CLIL
(Content and Language Integrated Learning) approach, which focuses on learning
language and subject content simultaneously.

Advantages:

| t devel ops student so research, an
connects the learning process with real life.

Example of application:

Including geography topics in English lessons by describing natural
phenomena in English or working with scientific texts to develop both language and
subject knowledge.

The I nfluence of Interdisciplinary C

| nterdisciplinary connections develc
and writing skills in an integrated way. It enables students to use language in a real
context and communicate freely in rdiéé situations.

Advantages:

It enriches vocabulary, develops analytical and critical thinking, and teaches
students to use language skills in academic and professional contexts.

Example of application:

Teaching literature and history in English helps students analyze texts and
express opinions, while integrating biology or mathematics teaches them to explain
scientific terms in English.

Research Methodology and Practice

The research was conducted during the PQ@234 academic year among Bth
9th grade students at Secondary School No. 44 in KyzylordaDeityng the lessons,
communicative and projetitased methods based on interdisciplinary connections
were applied. Students actively participated in group work, discussions, and role
playing activities while discussing subjeeiated topics in English.
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Observation, questionnaires, and testing methods were used during the
research.

Results and Analysis

I Speaking skills increased from 36% to 70%.

I Vocabulary knowledge improved from 40% to 75%.

I Interest in learning almost doubled.

The results demonstrated that interdisciplinary teaching methods positively
i nfluence studentsd motivation and | ang

Conclusion and Recommendations

The interdisciplinary approach provides effective results in teaching English. It
devel ops studentsd | anguage and subjec
their interest in learning. Teachers are recommended to combine communicative,
projectbased, and digital methods in the teaching process.

The use of interdisciplinary connections helps students better understand the
practical value of English and apply it effectively in everyday life and future
professional activities.
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OtcOdzOMiIsr lz. 10dzO B t6 MEYIdzj B3 "M dgvyg 4 C°
MELH' B ' tc Is'" d&zHjdz SOBO OdzdizODOdz Y ODHO2HO
YOlsOtc MEL ISOWHOEZHODT C'H ' Misjte d3j dz Y
BO2Y OdzOH T . [ J GJ ded3j dz 3" dzH ©2 CEte" dg' Misj toH
BOODOMdZzOEZ H"tr M JdjfMm, E2I¢CJ dz sdzOtc Is' dzH
sz dzH ©O2Is" dz sOBdOd y"B" dz MlsOte Btsdzr f IsOBT

1 OdzO (' B 'todzjhj I8" dzh* € GCBHIST Y OlOts
BJdzec &z B 't 8" dzH' € €' H 6 MisjtoH' W BtsdzlzT
Is' dzh " € Y N2jdzjtc Ik"tcOyYIlsOdz {, BO&zO b»bDt Is'
Mp2¢CJifMm YySdHOdEHT &jwWwejtejH' .

[ S ' Is" dzH ' dz' S Is' W BRBOWT LH' 1T O bydisy B0tk

DMmj ' . [ "dzH O2 BOd&ZzOA&zOtH O L J 2 dedz W h 50
OYff OtcOlIslisT EWVHJ Iz ' dzH OdgH "™ D Y BOOtr tcOY

mMOdzr Misr ez Oty " dz Y Odzf r dzOEz sSOd&zH Ok 3 D &
HO®R IsOH" . 1" "dz Yk ftsyjMm' dzj BJ 2 d3H j dzzH

SEfls" &zH' BGKlSOHO ME2dzj &z B"L'™" dz MIsOter dz
[ DMlsll tcdz HJOGdesMisdC Odzr' y bpDH' Misjte CEB' dzj
BOzOdzr W Istsdzr' vy Is' dzhH' € BI BS " dgh ' ¢ dz CE oy
Is* dzH § IseE d3j dz dzDIsd % J CeteMmy s J dz2' d3j dz, B O
HJWGEJ2H] ME2dzjEZ" BIHBE d. wtsdH' YIsOdz B ODC
Ispy " tedBjifm" CjhjdzH' IlteH] JMSjte' dze®™ y O J

[Mr "D HO HJZOBJS Oz ¥ BODOXZOEZ IspMm’

DH'ff BO&Odz W Isj ¢ QD" d3dH OO HjWej22' dz J ¢
Y OB ' dzj Is* dz, YBEdZHOEZDO t6j OSydwmr dz X b dzj H
BjtjH . 1 Dbd)yiMmM ddHj BOXZOdz W hr dzO2r Bl d&3S
Ismr &3h ©. B Mdz' a3
SEfIs' dzH StclSOHO BORZOLZOtedZj dz YN tee ' L d
h jClsj dzdzg 2, HfIjHJOE SclHICLOdBE Y Y tsdzH OzHT HO Y
BOd&zOdzr W Is' dzH' €& tstlsOMm" dz H"ter i "2 dgH OMlsT
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Actual problems of modern scieng@026

B SJBIM" dgH ] Is' dzH jteH W Y tsdzH Odzr dze Isptgls® B
H"ter mf O tcOISO Od&zOHT .

siiL JlIsk X" B3CpL J WdgJLdew 1l L § GJ omr e dzlzr
CJLJWYWH] BORZOdZ W OdO Is' d dzj &i3J i B OMr o3
Cd 2" dedgj dz § & ° dgh’ Is* dz B " tels’" dzH J  J dzG " L ' dzJ
Y n2jd HORBZDO Y ODHO2 YOMO2HT.

l dL EzOdzH T Y BdzH Ok Y "tcOdzH Ote’ (Mkzted Isilsj to
HOMREZ dz Y J W' dzHjIsj H " . [ dzO0te OYff OtcOlIslsT Y
BOO" d&zOM"r &z BJ & Iskejy CEWRI SCIsjMmiH’

[27 dz Isjrdzsdzsce VW dzOte " HO dOW" L HT tcE dz (
J s dz MmMeE2dzj ¢, Is' dzn * € B4 dzfnj dzH * dz' G ° Otels
Y OODHO2HO HO®R sDO &N ABE dzH" € B Jjt6d H .

OlsOdzOdzj dz HBWE Miskz NHHj' ' d W dGOWr L HT
Is* dzH " ¢ Btls® BO&OdZ W ME?2dzj 2 H OdEZAZOZR0 tdO G
Is' dzH JtcH' H"ter i YBdzHOdEZz BtS2'" dZ" © BOODr s B

4 sdzf o34 dz Y OOt ydw tedzr y IsJ rdzsdztse d W o
Yy dizh OdzOts, dqdzls j cOCIsdols® f dzOIsW tstc BBO dzO 1)
Isd' di3H' Y "tOdz tjls' dzH] Y OtOMmIsr to dzOH " .

vstLjlsk yudi" mlsOter

1. v &L SOBIE@E HOWB skz

v odzH Bt EZOYr kO Istsdzry Bd Wejtelskz §
BOW" LHT . (dzH" g dz YOO ©O2r d3 Y "' dz@ dgH Ote

2. 1l dLEOdzHT SutcOdzH OtcHT StsdzH Odzlz

SEfdz] €' d&z2' € BOZOdzr W s’ dzz* dz 3y jJw' dzn j Is

3. [12dzjdelzj dzlsls jtc' dz j dz¢ ' L Iz

27 dz Oty r dzf BO&ZzZO IsOBdOd I[IsiiteH] fmEe 2 d
Y sdzH OdzOH T .

4. PEOEZOtH' 3" sk

[sBOMr dzr' v " d&zh" € MbstcOlsjcecdw H"ter i "2
HO®REZ" Is"tOyYIsr B&A&OHT .

Sster IS .dzgH T
[C'Is' dzH' d2' € Y ODHO2" dzHOD' ME2d&Zj & HOKE

Btsdz" f IsOB'" dzOHT . 1 OdzO B tedzgj hj Is" dzh ' € y 1
5" d&zH' § Ispy ' tedBj YOdr §flkOMmisr tOHT . [T IlH
QOdOMEr, MEL kKOWHOERZHODN C'H't' Misjt daj

BN BEE dz. ¢dZzO2HO dB"dHO2 jtoj Chjdz ClsjteH’ M
HORZHT W IsOBdOd CjLjVWw' tjls'dH] YOtOMmlsr tok
Hisdzr d3j dz YOOt JC'Is" dzH " dz' ¢ B OdzOdzr W €k
142" dedlz’ W Is"tcOYIsr dzr or 5220z dCjdH" dz' ¢
Otclslzr Yk ftosyjMm' dHj &EBOWr LHT Otglsr yhr dzr y
SEfIls' dzn' StclsOHO ME2dzjz B"LT dzf MisOte" dz
dIsiH" . 1" tels' dzn® HJOG dsMisdC O DH' MiIsj tc*
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MsdzH YIsOdz BOtdzr v Is" &z € Ispy ' tedB i m<J
spf' dzH j ' BOWZOdzZr W HOMBZz bpDdZjZjls' dz Odz" Yy IsOL
r Odzff r OQdzoOdzH O, JEC " Is" dzH BOX&ZOA&ZOtH "™ W
nh* dg €jhjdgn', dEJjdBBH" Ypdgj NJSJ BODrM IskO
pdzjzjls' dz ssdzr' y O EZzDO &BIABS dH' € BJjtejH'

1 O2HOWZOdz" zDOdz DHJBdJIslsj to

196 Onr i3] IsojH Ge. 6. d € G ¢pdgiz@iIlsr v j ®B'OL 11 v, 2

24Dt dzBOjJ 90O . cC. ¢ tcdzO2 T f JHOGBGEdCC
¢ &zdzOIsr , 2015.

3[ "2 OB jIstsoa © | . [. 1 OdzOdzOtcH i vp dddsOdz™ dz
dplsOdE"tc©O, 2012.

ARMOj 90O 1.95. RAS A& LJolpMisOda: d3 A bs fizd 1© dailz,

S5elldz] 2B detso © z.2z. wE2dzjlz Is' d2 d22 W B"L
i zBOIsT , 20009.

6r " 3ZOBOj 90O ¢.v. [JjSIjifdCi HJ2 dzc° B Od
i zBOIsT , 2016 .

71 "0oOkZzdj 90 | .s5. ¢tedzO2" HJjHOYEBPEOHC
2020.

8 cBH DOdzdjo 0O d. [. [ e jHdW dzj ¢ ° L H
DH' MisijeBgdkOIsr , 2007.

9[tcOLBOj OO A. Z. vt dzH " € Y OlsT dapdgdzAslg 'site ¢
2005.

101 O2 B"tcOIstsoa © 1. 1. 1 OdzO Is' dz'idp dzaez@dg" Is Iz
2003.

ll1seEdzj zBOJj 9 O

1. 9. SEfIs® dzH ' B' dz' d3 B j G
HOW®E § dzdzOIsr , 2021.
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Actual problems of modern scieng@026

1 v ¢ 14.29.01

] 1 <7 ] X s , s, s ]

D. 9.02" ©B O2
wlskHjdsfmjdeso Olsr dgn Odr sOMT 2 Isj R desdzse W

bdzde jtemdlsjls*, ¢3kOk 3.

1"z d3OY<<ptdzJD(I-|fG)4 B' dz' d3 BJjtlzH" YO 4l Jl
Is* d&z" dzH j G ° Okz" Y ZdzOteH " Ddd fylsd@izm ) D YA tc Ashighis
1 Jtelslsj EH " whzsiOwinOHsdw dzr v Isj §Mj tokz BOtGrfr]fdz
BOODOkOE Cwdlsjted2dzjtc’ dz 112 jdzjlz. Milsj o3
MmMOdzr mMisr ez YbpDdzgy BOY'" dzZOkz DH' MiIsj t6° Y'{SdZH@d:
Is" dz' dz' ¥ HO®E HJWGEJ2" dz dzOY s Odzr YIsO2Is
Odz" YIsOdzH" . DOtster IsT dgHr HO Jtej €N j B OdzOWOt d3]

OedzOZzDOdz B ODOXOL " C OkOMr BE2T dg" O " fr dzr f
vt 2 dz MiMejuSjhtg; B OkZO&OE, ME2djlk Is' &' «
HgOcdzgsfMisdS O, ddS L dol' B' & &5 Bj Lk, ISIL

s ..My J

[tej CSB] dz' o3 BjtokzH"' YO 4 Is JIsdIs’ dz2 B O
Y"L" o] s@Glcidsctcdz d3p mj dzj M YOL "  tg' L O d30 dz
fmdrtsdzcedwdzr w jJw ELJCIS MistcOIlsj e W dz' ¥ E
1 "dz BODTM IslsOQODT L j tolsls jidpej2tan’ W 8" Qifff lsdzH j d3 QoYL
BOd&zOdzOtH ' pdzj Ed3j Isls* € stcls @D O Istsdzr Yy Y Odz
DH' Misjpd@iLdd Sy Odzr f IsOMmlisr tolz . slltcH j dz Y "tor dzf
J Y &BOWUr LHT YOHOdR tjls'dH] MmMe2djkz Is' dz' d
fjHOGedSC Odzr Y N dgH O cCdzddd@dEd® dpr v Is" tc D' H Ok
Is Odzr dzOH T . IJMmr twiblsjy HdWWjtoj dydOdzHT HdO
IsOdzr d3gH " Y YOos' dzj Is' 3 dz ME22dzj Iz HJWGEJ 2" «
BNdiEE dzH' ¢° IszOHT |

1 QD O0&ZzZOEZHT VW CJgnhgjdan' Ctedlsj ted?2 dzj te- dzj

Wisdzj &30Isd € Odzr vy Y @ B0 gz Oz g © Yy " tor dzf
ftcOG BOIsSd S Odzr Y O YfQiYdsls * dzjlsd ddr Ol Odg * 6 H " .
1 O jteddzj dalsls® € Y " 3" MlsOte B Ot M dzgH © D tcB
jtj Chjdz Clsj tc" dzj BOMr dsHr vy B Jjto' dzlz* Isd* .
(dbua) BOXZOzOtcHO® MmME2dzjzH' W d3j - Oded ¢ Odzr y
B3¢ dzH ' Clsj 6 MOY IsOdz0D Odz" d3j dz, ts dz' Ctsd
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HOOH' M d" W Ised3j dzH ' G BO2Y Od&zOH T . [ "dzH O2
N i30dzlsd ¢ Odzr v § &3d i, M de'cdizgddz dw G5 Qtc W ozdigS jdf
LOY" BHOXZOOdzr dz CeEtemjlsinH’ . [Mr o0Odz B O2 dzOdz

Olsls’ tk BOY MOl &zHO® Odz' IsjtedzOlsdols’ 3 b dzj
(PECS COlstylOo®Ouy 2 ) sSYk fwtsyjn daj

1 ORBOd&ZOE g Csesy jHdwWdr Yy &ts dzd Is 5 t6  dz¢
Bl dBS " dzv' Slsjte' dagj Bj2 BHjdEjdz o0LdOlsdols

CELHJ2H" . Il "dz BODHOtedzOBO®zOte B OdzZOdz" W H J
YOdZHBIYRBE " dgH ' Clsjte' dz HOMR sZDO BOD' IslsOdzD O
dzj 6" LHJjdzj H" . 17 dzr d&zd LJtelslsj zdzj te d3lz dz

Otelsd S zdzv ydw dzr y ftcOC MdMm 4 de Is Odz" d3H " )
dzj 2tesWdLdsdzscedwdzr v B O2 dzOdzr MisOtcHT dzf DO2 I
3 D dzj sOCIsddz' H® ML d3H j toH Y Ols Ot Y ts dzH
CtcOBBOIsdS Odzr v BSHjdz HjteH" W IsjL Y Odz ffIsOf
Ot dzO2 T BOBOdzH Otc 3] dz tslsB Ofr OQteOM" dzH OO
ftoesyjMmM" dz W NLH CSM' LH" 6" d& YORBSOBOM"r t | Is,
OQdz0dzOteH" W fYMmMdrbdzcedwdz v MOEZOIIsr dzr or d3j
BOdkZOdzr W I12HjG' SCod@3d3zdzd $Olsdoals’® ¢ BtlsOmMr dz

sllLgsleisBd] YY" B MisOte” dzr w B Oter M" dzgH O H
sykz ytsmfoOter dzO Hjte CjL dgHj IsliLjlskzdzjte J
BODOd&zOEZ CEteMmjlsC ' hisjtc' Bj dz HdOG desMisd ¢ Oz
DB OZOdZ W 3jSCJ HOBEZ bttOj Clstedw mr Mmr L dzO|
DOdgaiky n, Mdz d3j dz B  t6cj IsWHZWGds Y ) OyEdifd joi
I BsydtsdzOdzH " ¥ Is"tcOYIs" dzf YIsT HOM IskH™ HO
O" dzr dgf ¢ LHjdzejdz DH'  Mlsjte d3jdz ddadatso Oydw
Y sdzH ©@elzOdzr W pdzjzd3jlsls' € Bj2' d3BHjdzz® dzj €
spfMm" &z DOdEO® jtejSChj B ' dZ &g B tolzH ' YO 4ls
Otelsls™ te" f, tdzOH'™ W YSO0OMde W Bj dzlj dgH® g h

Li€ L&' BMd &
1T i jBdjlslsjeH W kjstdWd Y kOdHOk
‘s | B OO EOKGHT W  mME2djbk ' & &
i LH' S fsyjMmm tjls dHj Mgy Ol
HgOC dzsMisd S OOk B O M dzH O  Is
' dz DOdO j&jfM, ' dH'C 32
jhjdn' LjttklsjkzH' OKkDO kOlsC
Y OB ', dzj de] HigPEEHGOI S Ocdzr Y Yy"ter & 5 ypdaj BO:
Odr Y HjWGEj2djt' HJOCdshIsdS Odr
02 ZOXOH " .  HicREdsEEoL Yy L jlslsjbdjte fle 2

HOdF dzOLz* (vdurr) BOte BOXZzOZOttHO Otlsd S kzdzv
dzj 3 My WEkdeCydsdzgOdznr v B" LT dzr MlsOter 3 dz M
sOfhr dzn or dz ©O2yr"r dz CeEtemjIsjH" .

[ "dzH O2 f Olstsdzse dw dz' y ¥ ODHO2HO B OdzOd
HdWW jtoj dzydOydwmrdz ynorjej OmMrwcd® OzdzO2HT
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Actual problems of modern scieng@026

Bste W 5 dzsMdwar O md mis® ¢ OCtlOBRBBOISL d@GH j oG

dzolsdy jdizj #f' j HOE SFHE Odzr ¥ ftesyjMm' dz w fptcd3y
B' tor wDO2 ) D dad 9 O0dzdHIS' Ctodlsjtced?2dzj to' dzg'
HDdzj dzH j 2 H ' . $E|SJ'£G d&zé § dz d3p M dzj dz’ Y12 d
h OtcOdzOtGH T’ fmMdrdzcedw dz v, fJHOGtsedS Odz
s" tcD" H Odz Jqdzsj cteOYydw dzO Iz YO jIsls' dz' ¢

gdzlsj oo jdzydwdzr vy " B MisOtcHT MistcOIsj ¢ W dzr

d Y

Cedzdlsdoals" € tjL jtcolsj te B3 dz dzj 2tesW dL dsdz
snteHj JMECjtokz h Otcls.

fykH' MIsjdzsj dz" ¢ BsdzgdIststeddzc M jwe jte' dzH
BOL d@3" dzH" ¥V ISOdzH Okzd3j dz "N IsOMmiIsr ez B OdZOdz" W
HDdH' S jdz O2yY" dzH OEZD O a3l &3¢ © dzH * € BJjtjH
B"L'M dz@ mMisOte" dz IsliL jlskH] Bzdzt sdHdMmyd{ dzd dz
h OtcOdzOte" dzf W Isd' d3H' dz' ¢' dz Y OWO MOY Odzr y
BOMdzOdz W Codigzz dzd S OIsdols’® ¢ BJ dzlj dzH * dz' 6 ' dz
HJHOCIsdSC Odz" Y Stecls Odzr v YOdzr f IsOMmEr BOWT
dzj ' LHjd&Zzejdz DH' Misj d3j dzj toH ' Y sSdzH Odzz B Odz
OtlslsT e f yYOdzO yYyts2 BO2, sdz" W oy Odzff T d dzls §
BJtd H' .

vubDY  tedBjdz' & " di MISOH' W yYBBter Isr dzH ' Mmr
JM &z jdzc" Lk ME2dzj k2 Is' dz' dghj OEkr Isykr
HjbkZH' W BOMIsT IsjIs' ¢ Btsdzr ff IsOB " dz
IzZse W dzOtc -Isogy dacd®B ) dzt €3 OBOdzZH OtGH " W >
M dzHj ©"wOyYIsT ypbdzj "LOY djteL " dBBH'
d
d
f

j " dgH § NI2jd s toH j yItee " L' dz@ j dz
i BOXOd W bk"®&oOd ¥ YOd& flsOfkr dz0
Of O &zO ' Cjdzj2 bpMjt jlsjH'

Shq_.r—'u:t.(ﬁcu_\c
§ 90 §g+9%+
S0 @7 111010

Itste’ Isr.dzH T

1Jtellsjlkz Y"d® M dzr w BOtr Mr dzgHh © Jjtoj Ch
OzOEZOGH" W ME2dzijlkz Is' dZ' dz W HOBE HJjWeE]?2
tcdlsjtcd2dzj - PN B M MOBLORISOBOHORZ EISE' L ' dzH
OdzH Ok dzbIsdy j ' dzH § LOBZOdZOEZd dtsetsf jHdW
rprm O02Iskz OYOkz&Otr d j d&3j M, s dzn "' w B G
ORRlsleed " iy J & J dzgH ' G Of dzf &3 dzj G' L HJ dzH " . ]
BOdzOdzr v Ctdizdskdzd S OIsdoals’® ¢ Y"LMtejbsls® dz' ¢ d
Oty r dzr sBl JCIsdoels BODOd&zOEZODO 31l &3¢ © dzH * !
O2YyY " dzH OdzH ' . fteg Shy YO bl dz CIsj to' B Ot
DB ®Istsdzsecdwdzr' Y YOOHO2H'VWYW Isdftsdztsedw dz Y
BODO&zOE h COzO&zOte" dz Y BdzH Odzz H " W MisteOIs §
HDdzj dzH J dzH * .

17" dzn dgf 6 LHj dz6 j dz X D dzj H"ter f ISOWH-OdzD O
fJHOEGEdCOdzr Yy YY" d3 MisOte" dzr w BOM"r d3 B OD' |
ftosyj M dg W HJdZOBJE OMr dz OdzH"™ dz OdzO B dzy

B
¢
s
H
Y
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""vh."\\._/a""“ a m'((’\_ng(j‘\z‘ﬁh
dzsmisd ¢ Odz" Y ) D dz IsQozQ dsrtc  CdgjLde W H
J dzH ° IsOtls Iz Oty " dzf Bzdz sdHdmyd
LHT dzr@ OF Isj sted W dzr y s"tcD" HOdz O2Y
ter d3H Ote’ d3d dz l]’tsOQIsq’QOdsz "y odzr mis
‘“Mmils® ¢ dzH § YrLad3d s dIsd s’ dz dzses |
Okzdzr' v tojls' dzHj yYtsdzHOdz" dzO Od&zOH' . ¢ dzH
HJOGdzsmisd € Odz" Y BODHOtdzOBZOdzOtGH ' i O:
BOSISOdzH " oz Y Ddzj BWYWISO2 &zOdzH'™ tolz  d3p M
o] H'

= Q%+ O

%“%I&%0%3““~ﬁ5&35f§§8

~OQXFENTHOT

o5
R

BODOdzOEZ Ctdlsjtcd2dzjtc’ dz Ispy ' tod
BpissOEO Bj2 BHjd&ZE MO OM" dz Otclsls™ o
PEZ®BO ' Cjdzj?2 r"TyYy{fOdz jlsjH'. sliL jIsk
ofyr HJOGdetsisd S Odzr W HDdAzH® @ dzgj X D daj
d3dfj ¢ LH' dz' ¢ dzj splzj dzn' d ¢4 dzg L g
dzsMisdC Odzr v dsdegdIststcddzcls™ W L H" €M L
IsOdzr d3H " Y HOMREZ" dzHn OO Oz sy ZdzOtcH T

"deH" € BJjtej H' . [ &zOG2h O, nfyrodg” dzr
EsedC O MOdzOM' dzH OO Hd OG detsfilsd € Odzr Y
MOH T . Dister Ist dzgH ™ dz@2 € j dzj , CJghjdau'

| i) JtdChj BOZzOAzOtGH' sWUOdzlszH™ W Gz di3C
Y yllLjcegj OfMmrtkzooO Cjf "  dzn' ¢ Bjtoj H'

TONN_©erd <

0P a

m‘:ﬁ_L-:gg*oﬁ_ﬁ_ © 9% -
%

O =X :q&xﬂowoo

= Qe

1 O2HO®ZOdz" zDOdz DHJBdJjIslsj to

11 1 dzH " toh ' fesae @Y Jj HE W T ¢ R@IsZr .Y . dlsOB" tc O, -

2r "B Odeso Pto g S fhj B Otfzfh zP t5 elzfsiwgd iy I$n® dzO : [ dzts
2001.

Sl sz soOosfsihijHdW: vyjigded ¢ |HzH oz L 0.0

AN d dzd U ofOndas.our. dztsidtstf j Hdedsfme jh jdadj, 200C

500L OViinjsipfiize dzd ¢ Ofr dz" W ¢ ¢ tedzO2 T D dzj Iz d3j
1OwWr , 2004.

6] JoddQ fdetye.r eBbkYyjddw d otmi didadzdw
] jHOEBEdSC O, 2003.

702kB0Oj gQ W Cissdztsc dip dagOds L H ftg'Clsjtf, 20
20048I OzOj o POBERjdd] tiud d dA ¢ st jdOuds
2005990'3‘ eB JX. OGS jHW d' Yy X" &BipROE" Misj &

10y qeC ddzPj sttt B mdj HSo Ofdzd:w dtetg Sus[d ,H j2sQ

267



Actual problems of modern scieng@026

1 v ¢ f 15.41.21

J N\ J V{4 S i I - X v J AN " q

] . 2 2COdztso O
[ 0c dMis tn@ dsldn dsn & Gl iS00 U ¢ IsT 6Ok kdedo j tefydlsj |
r.1. u80Bdtse O

W s j Sh M, §f. 9. SC., 30k’ aEH Orfifish dgn HOIdRids
O’ &zH Odr ¢’ 6Ok kdzdo jteMmdljl' , ¢l toC

I1"dz BOYOOHO Y j Sy s dzD Odz" W mMkzei j €L
Ddzj b G3jDlsBE EOIST dz7 W EL OO BO2EOA M yOtsC
B toziN® Odz" dzder W &sp dz' sdzf W y"dzH' dz' Y SOt
sdeo Oydw dzPolz, EMSdeBA@O OdZOLZ d3j dz B O2 dzOdz" M
sOtdzj zd3j IsBE KOstz OHOMAzr W E X a6 j Hj G
f OlslsOdzOH T . [ OYOdzZOHO {§tsLdlsdoals Ed3 todz
j dzfpj dzH ' d&2' ¢ dzgj, twkrOdzd HOBET 2O XY bDdzj E d
tefj Is' dze j da. r OfMmlsOteHr W H"ter i ER tdz ¢ v
dz s00dz tslsBOM", BjSIsjf Ypdzagj YBOOMdE W T
vt 2 dz fiffNeBH jjt€:ls o s Eds' todz' ¢ -OlArylsGslz d3y j
ZzOO, Y "degH' dzr YIsOte Y12 Jj-ml' BBGA&O@RJWY ST
@E, ER" te MOy OMm" .

IUT SGrewIF<gm
—me—o o

@ =

Cc dzj z 3jOg Isdzr CdlzH OtcH © OHOd3dzr v Mkl jCIsdoals’
sdz" W Ddzj BB BISC OWOM" dzH OO ' BO2 dzOdzr i J
"MsOLOORdz W Y " "dzH' dzf YIsOter , My d2' d&3H j &' ,
CELYOtcOMISOter dz@é W y d' dzlsOoyilds 9 @z @) 'z 35 s diz” S
Y Olsm dzOMilsOtcr , d3OIsjtedOdzH"™ ¥ Y OODHO2" Y bDdgj t
Edzh jdzjIs'" dz CEtemy s h . DOL " teg" Y BOOMBHO (
sdzr W pdzj zdgj Isls' € Y OODHO2" ELOtO IsTr D" L BO:
tstels O dz EL&zEZ® I H'YOBEL EN to' dgf BODO Bttt
" fils Odz" 3 YG)dzfljlsOfr]lsfteOHr. 1 oydr dzy MidzOdzr dy Of
Y Ols"™ dzOMm" dzO, JjwBjSeCy HjGJdz " dzsOmr dzO 3 D
dsdzr d&3j dz Y Ol Otc-OlzgzPls BHIGIW'cY 2D dzH ] OH Oe3dz
cn22° dzj , Ed3 tce] YOdOODOIIsOdzzr dzO vy {f Odz |
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"MisOdgjdg D dzj Z BEYIOISES Oocd®M'™ dzH OO’ BO2 zOdz" Ml
BpbMmJ dzj dzj teH' W B ' tc' Bdzr f IsOB" dzOH T .

skl JjCIsdoals® Md3 tedzi € umlsOdzr dzdzr 6 d3p dz

IUdeH " dzryetls2Qjentcs 't Is" &ZzZDO EL E R o' dz B dz
mMunlajdzy Blsrter f yY"wOHT .

[ ©2mOls fJd dpedsdeddydw " mlsOdz" o3 OH Od3dz
BOOD'M SIsOdzDOdz BOY MOIIsOter dz O2Y " dzH O2 H " .

CL -Mdz"’ B OYdiOkzIs" d&zDOdz" W EL " dz YOB' dzH Ok
Y SOOdpt®OPT jIslsjte’ dzgJj DMjte JjlIsgH" .

Pdzj £ 3jplsdBl EOIslsr 6 SnutcOdBBH OM B Mdz" CIsj tc°

[ O jdOdH" & "@YHO22 IsOB "M §Jjdz Is"td3" i) H

Pdzj 3] BIO®2WOdz sO@B®BM" |, HisMIs Ots, Dic' {f Is
Y Olsr.dzO M

I Mdrtsdzsedw dzf SwkitcOBB izfzh2dz, 1 B3y d tsdzO dz

ISYOBROB" iz . OBOISIsT Yy B4 dzg dzn * dz" €, d3D H
EdR ©epPdzOmiz.

kBl jCIdoals' ER td & "MlsOdz dzdzr W d3p dz'
DU dgH" dzf YIsOte | [ Oy MOIs f j dz d PL'EdZ" BODOQ(
cteB' tc Is"dzoO E|pdB tedz' € "MlsOlr J CJ Is " dzD O dz'
B'tc Y"dzgH'" dz YLB 5dZOh OY Y O BY OB'" dzH Okz" d3j dz
Sls’ e’ f Y"LOH'|BOYMOKISOk' dz |y SOOdH OD' Dtgj ¢
slsB GHigs s vy, B4 j dzg ' dz B 't |jJIsJH'. DL'dz )5
OHOdzH T YV, JBCIOHOMX Ndzj d@3 |OHOd EL ' dgj mJd
Y"deHT dz" YIsOte dZyjls' Mmls® €Cj OHOM®BH Otd3] dz J e
OdzOH T . [ mr V" BIsT ZOH T . |y Ols' dzOfy 3 OMmo
tsdzf v Ed tcHj G OHOMRAz W pDtej S/ OOy C jteh dz' Cls
Odzr vyIsOf , YOddBjtejH' YDdzj |yt Y O2HT. b
YOB'™ dzH ©O2Is™ dzr dgy J wkae CE|BODOAZOL d
Du g dzr YIsOter |} sLdlsdels' EdysStyr drhyo

EL &GOy MOIsr dz H/ OH Od3dz" v Bjdzmjdzh ' dz' Cls' w
Edg toH j fj dg (B a5C " dgH ' Slsjte|DC j dziz Bl BS " d;
¥ OMO2HT . 3 D dzj Odzo O H"ter Y Odzr ff €@
rYfOdz jIsjH' . |BODOMZOE Is'" dzD O
Ed to Mtk dz
h OQtelslsOter dz" W B
sOB " dzOH T .

ZzOdz" i d3j.m Odzed L d3H j o

d &3d mils * € 1 pntiis @ted zdp @ds

fdsj dlsdols® CELYOtOMm! BOt OHOWMHOt )
FslsOL0O BJjdzZMjdzH® BBERZOHT . 1 " dz B&ZOGH'
tc OH

(N OR

ddzdmis® €p dRiglg OtglseZBY .IseE d3j dzH j 2

€jjtc' i CELY OO, BOY MOIsM" LHT Y dzJ
2 dzr MlsOteH™ DAz " tojls' f, dBOILjtedOdzH™ ¥ NI
' s &3¢ da.
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Actual problems of modern scieng@026

IUGHT ZIGEHPBEUIOd SOROf SO dF 6 +2dzj i)' o

[Citc OHOMR W Mkei jClkdalk' "MsOdy & Y
Ddzj Ly stizh O DO dj BS&OHT . sjt' @' dhj, YO
Yh O zOdkzDOdz MjL " dgz' ' ylsd BO

l1tcOCIsdS Oz 8 BO6GT LT

1tz 3 Bjtek[ MOy E R ttd ¢ " ilksOd
sSdzOtcH'™ W DRijZ'dREjsdziE' d2j ryYy{fOdz jIlsjH' .

c dzj z d3jfisy" ifOIs Is O: [jdiBdzj CSjIs OL OBRRBBEGHS
imSjte' §f, fMdrsdscdwd vV yYtsdHOkzZ BODHOE&OC

rdsd HOMBEZ Is"tcdDr M dzOdz: cte OHOM3 EL " dz' v
YOd flsOfmistsdg™ fodzj Eaj sls' § ®EISOHO ylLjcEj G

i jSIkdeals’ M®B tedz' ¢ uUumMlsOdzr &3 ndr 3"
i jSIsdals’ E@Oea®@didz whls@xlztcdj] HJ G J dz
j dz2'° 3" Y"dgHT" dzf YIsOter g &z M C° BOODHOts
OB zHOBH M j zdzjtc Ydr dzgH"™ YIsT BHBE dzH' € HJ
JHJ WG tcJ Is® dzH j§ YOB'" dzH O2 H " . pd3" tcdz' € "
tclsOfmr dzO, B' dz' &3 deJ Y pdzaj E B tedz' & Ispy ‘" tedE
1 sLdlsdoels’ E®RR tedz" € " MlsOdz d3" BOt OH O
dgr dzH ' Yy PwEE ] IsT tef MOHT Y Ddzgj EL 3l B3¢ " dzH
&z dzj cOIsdols’ CELYOtOMmMIsODT OHOMHOHO M
Yh OzdzOdzz B O2 Yy Odzlzr 3l d&3€ * dz.

Pdzj z 3jplsBl EOIs st " dz2' ¢°

C dzj & dzjplssl WIOBH Od3dz" W Y SDOAH OO BOIsj ted O
Ddzj A3y ®OBHDO2 dzf W HjWGE]2' . [ 00Odz IsOBT™ M d3
Hj dzlh Oz dzr y mMoylsOkz MmMOfOMmr , s"tcOr dz Il 2 )
Ddzj g szH O Y OISOHT OkzyDjskEz BPICDO' s D DH Od3 E
Y SOOdsdsde Y YOdgH™ gl jMm' tjls'dHy MmjL ' daj H'

c dzj z dzjolstB OIs Isj & BOIjtedOdzHT ¥ Y ODHO2
BOIs jtedOdzH ¥ Bl B dzH® ¢ Y BOOtGT OH Od3dz" W
bdz YOO O2" d3 Ed3 tc Mitcjls' dz OHOA EL "' dz B
OHOMdzr W MkBi jSCIsdoels®™ yYOBr dzH Oz Jtoj §h j toE

[ €° "Dr dgdz' ¥ EL OO B O2 &zOdzr M

skl jCIsdoals" Edg tedz’ € " MBOWD I " g tdz] D ozff
JIsils" d "D BHOW. 1 BLdIsdols’ ER tedz" € "MlsO
Otelsls™ o7 f , sOB" My O yibk'dgj SCed3dd SIsjmjH".
"M ke jd@3 BEOWA * CIsj toH ' "LHJjEZagj rodzls O dz B
sdzOtcH"™ W pDdzj Zd3j Isls* € Y ODHO2T OyMmMOte® Isll M

sJte’' ' dzh j, WdzyOdJsklw Usepizdz B tsdzkz' OH O
mMidg' d@3' dz Dz o sz a3 o3¢ da. r"d3” MMmr L Hr Yy
Ddzj By BIZH OZHT W B tsdzd@zOZzT OHOBHO CuN2L jdz M
"MisOdz IsfgrtelzGn pMJte JIsdH' .
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stsdz” d5j dz Y OlsOte YySOOdBHOD" Is"tcOYIs" dz' v,
Midg &8 Hjwe] 2 Hy M4 Sd Ik"dkzoOdzr w " h Q¢ H
Y BOOW®Qj Is pte' BODOdZ MmjL ' dfmi, tdr v E & to

I ster Isr.dzH T

DiSte’ Isr dzHe'jddf) 2, Nd S J s" zoOder w MMkl jCIs
OHOMRAzr ¥ E ' teH j G-y " PO thizls yde,dzj d3'y dayjottisds dgigQifr) r ik
Q2Y" dzH O2Is™ dz2 BORWNHd HES dz=wxf~vQEzdy Y "B'M dz i) B B
OHOMdZ" ¥ E X t.aej HjGjdz CELYOtOMm sdzf v
Y Bteh @Goddsd@ r dzO ypdzy " HhE¢' Mmjdg o3 dzaij B O22 dzOd
Ed todh)l$Odzr d3 Is" d&zDOdzr w BtsdzOh OYYO HJjGjdz M
Ndlskzagj HiGJjJdz ' dzZlsOmr dz Otelsls™ tOH T . pd3' tcG
Ydr dzH' Y¥PWEE] Isrter MOHT, EL &IAS dH' Clsjt
Y SOOeERgH®Bj dzH ' BB dZEZEDO IsOdzff ¥ dzOH T .

DM dgH T dzZ'yVILQtdn OHOMRAzr ¥ EWR tdz' ¢ ISOWHOE
WOCItstcdzOteH™ W B to' Bisdz' §f MOEHAO@AOH . H B fipls sy
jwBj ¢, OHOdzH T YV, OO Cjteh " dz ¢ Mmdwylsr ‘
[ M dzH O2 Y"dgH" dzr YIsOte OHOMRdz W 3" dgj L dz Y

stodzr dz O2YyY'" dzH ©O2 H T . dtsdz’ dzj dz Y OlsOte OH Od3de’
Bslsdo Oydwvmr d'w Ed3" H] IsOB"' My O Y Jlsk' dzj
OHOd Il dzj d3 “LHJjd ), EL '  df LHOdW 'Istz'ofp B @0
OHOMRAzr wW EL " dzg HJjGjdz Mjdzg &3 dz Otelslsr tor ff
BJtdH .

skl JCIsdols’ Ed3 tedz" & " Pk QQ @isds scdsjdilp do dzjr L
BO2 dzOdz" fMmisr . cdzjzdzjIsls* € Y OODHO2" Yy OYMmr,
YOtOfB sdzOh Oy YO 1 Isf jdz Yy OtcO2H' . ddz € jte’

Y ODHO2HO OHOMAE W Ed tedz' ¢ BjdzMj dgh ' dz' ¢ d
sEHT tolzT a3l d3G ° dz. HiSdzH ' YIsOdz YSSODOMH O OH
Oy MOtlskzdzj dz Y OlsOtc, tdzOttH'™ W tokns Odzd X D dzj
BE Mz &OW" LHT .

116" dzG ° SOWUWHO Y OMkOteH"™ W H"tr M E & tdz

BZOWwr LODO dJ . Hi jjsdzB' W YBOEdB@MtcO D T . [ &zOtcH T W
YOEZOfIsr pte" BOYMOIhr dz Btsdzr f EfME' Y 50 Od3«
slsB OMr , B3d SIsj ff ) D dad Y 50 Od30 daOA jwdz IsteHeM «

B"DOd B3dz W yYsdzHOk' ypdzj YSOOdHOWYIsH OD
HOBET dzO " Yy Odz jlsjhH' .

utsdy ogj dz, Mkei jClkdels' Ed td ¢ "hMksodr d
Y Odpas 2 802, tdF v -Okiyj@sjdsds,’ Cy WO dH OO B j
kR Odd HOKBE' &0 bpfjte jljl' dz BOWr LHT WO
Ed Ly @ OfCjteh' & Sfjdz YyOwof, fsLdkdols’
Y SO OO dzr , B dzljdzH' Y pdaj BOY' Islsr Isn dzo O
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Actual problems of modern scieng@026

) O2 HOkOdr ZOOdz pHjBdjIslsjte

1 cBH DO BOLBYOOOdZdj 90 w. ¢. 1T 9ezd&gDO" A fr
DOLOdd 9 j ted Isij2I6'6, B2018.

2 rOter YBOj o 5. 1 MdLisdds@le('w: daj icdzlLeg,jstecZ Q1

3 02 BOEZ" stso r . TOHEROBEZScdB2Rdz, B2016.

4 4OsrBOdZHdjOo O | . 4. ciiz) Pt ¢ At dGxd O dz
1198 B.

5 0" dzOdag O] DOtc O ¢ipedg@ilgj’'tc. ¢ IsO'7t€O,8.2020 .
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s. blsjfBjtccj dztso O
1jHoOfdmmisjdls, ~37®jCljf r11ff, [t

I "dz BOYOdZOHO ddzS dzs L Jols" B'dz' &3 B j ok
i JHO@shpd Misj dzlsls ' w EL Otc O r dzls T eg@1Y ISRl oz
dzj ¢ Y@ MIsr o' ¢lzOdet dzt L do Is* B' dz' &3 B jtclze ™
BOL d3" dz B Ssjf fjdz tslsBOM  d' W MmMjte'-ClIlsjfr
OmMmdmisy dzlsls* w e dz' d3j dz Istsdzf YIsr teridke®e OMr ) .
fJHOGEMIEd MIsj dzls Y 112ifMm" dzH j ¢° ELOtO bDtej CJls
Odzr Y sOdz' fH#)dmOdtse d ¢ @dzy v h Otclsls Ote T dzJ
Ols Oty " to’ edgQigHAg"YdzH ' ¥ dBtsH jdz2 DL " tedzj dzg' §, ¢
CMf jteddzj delsls* ¢ " d&3" i) Oty ' dz HDdzj dzH j dzH °
‘'dz2' i3 BjtkzH' HOM szHO CjhjdeH' Mmjte' Clsj Ml
st 2 dz dMaCuzp mdols' B ' di'tdls BEOjME 2,7 dalg ) SOy s
fjHOEXMpd Misj dzls, §jHOESedCOdzr Y pdzjlzjls, dd

W — =<

DOL YOB'OdzH Odzz 4 ODHO2T dzZHO B ' dz' &3 B j tolz |
OQ20tcdz" YIsO2 ELCGjtlzH ] . stsdzr w " hdzH ] ] to,
BOXZO®ZOGH' (rJ4D5) ©Y'kk ®&dMmjdjm' ELjS
RAzC dzs L dols® iBIS JO0E i3 pH ®BEScdS Odzr v J d&3j M, D C
dzj ' LHjdzgjdz y"BT dzf fny.

DOL OVvimisipfdiz B dzd € O dzgh © ddzS &z L dols' B ' dz' «
MOwMmOIsls" w BOMr dd BODM IslsOter dzf ¥ B t6° tojIs'
Bjtolz "2 BH Oter dzO Y OWO " dzH jIslsjtc M1 ClIsj dzj +

iDteBB QakzOdz" W B ' dz' ds Odzz y"yr Oor dz Y Od3ls ©OdzC

iDdzj 5§ JsBH SC YODJdHOI' dz MOY SOk ;

iB'd& & Bjtek MOY OMr dz Otelsls’ tok .

O zZO2HO Ispy "  tedBj Cetemi IsC jdaH § 2, d dz€ dzv
Hjwej?2 deHy 0D0dzO Isd' &BH' yNHLjej OMyO2R2HT.
Y s dfOBOdzH OteH ™ v, ©Ofidnigy dlslsy ®eits@w Yy Ols'
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Actual problems of modern scieng@026

dB5dzH " Y IsOdz L j wWlisdg Sis j |gOY fpdsls O O ) M ¢ fgdg § dlg s
ELO®] CjlslsjMmls' ¢ dzi ¢ "L " dgHj ddzS dzt L dols® E
yopdgj dzj 6 LHJ E.

RAzC dz6 L dols' B dz'-l3j Bigdpzae” & @& ezr dzaf j to°

RS dzs LdJols' B ' dz d©s Bjtk "Or d3 fjHOGBGE(
[dz' W ®wB@Icdzr Y BOZzOZOtGH' W Isjw yY"YrylksoO B
SdzOtecH"™ W jtoj ¢hjdz' CIsjtc’ dzgj YOttORBOMIsOdz tstelsC

1 Jelslsj Iz BOtr M’ dzH O cddzS dze L Jo s B' dz
Istsdz" YIs' tof d&zZDOdz Qo lststcdzr.y Odzr YIsOd@ZO " Mmr dzr dzC

RdzC dzs L Jols' B'dz' d3 BjtekzH ' W L OBBOdzZOEZd Is
fJHOMhpd Misj delsls® W toE dzf

DOL 'figiegH O e dC O OrF dzf d3fr dgH ©® ddzS dz¢6 L doIs*

C

sjodtsdsedwir dzj Bjfpj "2 BHOM ol ¥ ste
W s dgwdr Y ypdsj spHjded WJdzgsdkj dz toj s dz
OHOd Ym"yror, Ikjww'C, opdjbdjlls' ¢ bpH' dj

Y O0 d H Ojls@slO tdd .

RAzC dz6 L Jols® B'dzZ' &3 BjtekzH' W IsjBtedw dz Y
O" &z 0" slsOteH"™ BEdZ §f GCEtGmMijlskze] BBBEOH' :
CodzmistczC IsdolHOtf -~ gspla jiHaAddw Y pDdey Y1224 dz° & s

| 2d3OdzdmIs® € fiHOEBEdEO Is"tcDyY BR 80 dz0O @A

Is " dzD ©. 1" dz BOD" Isls" v EC" dzH J t6° B ' dz' &3
JtojChjdz Clsj to' dg, Y' L0 EE " dzHy € Bigtcdzdzy g dg§ J
OsO0f CEetemjlsjH" . RAdzC dz6 L Jols® B'dz' d3 BJ tolz

BO&zOZzOte 1nh' dz YBdzO2 dr stcls©® y"tolzHT CELH,
YO Jsls' BEO€ Isp ®@zOdzOtoH T ¢cBJ2 dBHjk Bl JCIs'
Odzzhr Mkl jCIs tjls' dzHj] Y OtOMmIsr oz BOW"™ L HT

chdzj zdzj EeizRIstczCIsdo dL d3 Isj stedwfr B' dz' ¢
Y Odz' ff Is O MmHodsdzjdztzidg 2 H . [ M s" D" HOdz OidzD O dzt
B"dz Dtlsll tcdz BOZzOZzOtH" W B' tc BSiIISOHO EL Ots !
sykz Isj¢ d3"oo0Odz d3dzsz sykzhroO Bjt' dzjIls' dz

Dtcj tegpllsdy 4 M’ tcjIs" dzHj Y OtOMmIs’ to" dzOH T . [ nd
B' dz' &5 Odzr f Y OdzO yts2d302, EL Y"tHOMIsOtr 3,
SdzOteH'™ W Ddzj EdgjIslsjdzz’ dzgg tsW bpMjte jilsjH' .
[DHJEOtedrd Isjtstedw ([ . &. l T elsmMCd2H"
B'dzZ &3 BjtelzH' W HEBOW" LHT Isj stedwdzr' y dzj G L
sj stedvw0oO MmMbp2¢CjMm, BOkzOdzr ¥ HO®BLE' D dzj &z d3j
¢XO0

lrTetslsmCd? Yrdz HOBEz O2d300r e "O' d3F dz
d3||d3<;‘dzH‘lec1 ‘dz OhEHO JtijMmMiCljte d&j d Y "'t
RdzC dz¢ L dols’ B'dz' d3 Bjttlz Y OODHO2" d&zgHO -B " dz
OmMmdmisyj dzs Isj Oy OtOH' .

1 jHO@fpfigd filsydzl " dz2" W Y OY'" dz HOEZ 0O2 OO dz
Is" d&zD O. Jd&z BOOdz v yk IsOfMmMr tcdz3OdzOte" dz tst
tsdzf v IsOdzr dgH " Y Bd &zl dzH " dz' ¢ dz Otglslsr tcOH
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[f)r ZO2h O, -OfffjfifPsjsdls JreslMSd2u' ¥ )t
(3 HdOIstste) YrLABJIS" dz Olsy OtcOH T .

rN2jd ¢ koM &z dqdSdzsLdol’ B' & &5 B tlkH

Y Ot OfisckitcE®'OdzH * € BjtejH' . J1"d yN2jc¢j B' &
¥Ddzfj YBM' BB" O BOBROdH Ot ¢ -Qdyfmd M s j [adlpr el X J
OkOH', MmjeBjB' Gd BOWAE Yy Mkei jCI' djt Ot

R dzs Ldols" B' dz' d&3 Bjtelz Isj stedwfmr dzn © &3O
Tt Ctsdzsedwdzr vy Ispfy' dz 1"dz Ispfm' &z BOdzOdz W
s Or L BO2 &zOdzr Mls® Yy OtcOMisr tcOH T . C O dzd , B
YOB' dzj BO§zO gzgizi i, Msdzr dsj dz Y OlsOte sdzf Y stc!
IsS"tcD" HOdz OdzD OdzH O, gdzC dz¢ L do s’ B' dz' d§ B j fc
yopdzaj -PmBHEMEEj dzls B ' tcls"IsOf YBdzH Ok StclsOMr o

1 jHO@fIgd MiIsj dalsls' W yYr L dgjls' dz Isj tsted W dzr y
B 'tocdzgj hj dgjcd' LG WEZdeCS ydw dzOter dz BEdz" f € E |

ftesyj M dz HOLOLOdH' tk0O SE®jSISjfjH' . (O
Mp2CjifMm kOYIM tdkOd&OE Bj2' dHjdjH' . [ &' dh"
Oy OwiO®BY hr  d&3jdz Mmr drr §, sSykhr gjdz "0
DtejCj sy dBlglsjn’' . Nh' dh ' Hjdy & + Bsyd

pM' Gl hj BORZOEZOt 1M ' dz ElSj BOWr LHT .

DOL "te@Ftolsls j zdzj @ mifdjfHsQedidsds* w Yy Olsr fizr d
BjtezH' W Isd' &3 dz' ¢ dz Otclsls’ tcOIs' dz' dz CEtefyj
syYyYkz YJb' Ml Clsj te° D0dzO | d&34 M, Medzr d3j dz Y C
Y OY MOtOHT . o dy 3P e f Bls Pdzls ;') b @dzsdgdz” v X |
sYkE ftwsyjMm d d  &gH' "2 BHOMIS" DO i KBS °

[JSjif fjdz ®©lsBOM d' W r dzls™ 3Oy IsOMmis’ D
BOW' LHT Ctoditf sdzj dzals B sdzB PdzB @B W dzOHO Oh ¥ IsB O
stelsOfr . 4 5dBdz O " @IsOCEL Y OteOMm" Y tsdzH O]
BOXZOdz W B' dz' &5 Ozz" dz©@ ' € jdzj2 DbDMjte JlsjH
Ols@®@iZzZOzOte Isj S BOY'r dzOkhr jdgjfm, BJjdMmjdH"' Y

] jHO@fsigdMisj dzls B" dz sy Misj B O2 &zOdz fls
OlsY OOH' -OzQdiZOtEUs@ B OdkzOdzr W Yk yjlk' Mls' § s
YOy jSsjlowj Misjte "Mmr dzOH' Ypdzj tSdkzOtH'™ W § jHOG

rYyYfOdz jlIsgH" . [ fiyts 820Q) '@ , & fitshlgfj ifldsjidflse nhIls' ¢
Mdt' Clsimls'™ € Yn22im' d yOodz f sOMmIsr cOH T .
RAzC dzé L dols® B'dz d§3 BJjtekzH ' VW Isj stedWw dz' Y

Isd" &3dH " d&z' ¢' B ' tdzi "N j WOCIBtedzOtcDO B O2 &zOdz f
iB' &2 &3 Btk BGlsOMr dz" W ytsdjls® dgH " d&z' ¢
iIf JHOGSGISOWGH" W CbpMmM"Bd HO2T" dZH " D'

I Ols@dzO &zOteH ™ W B j dzffj dzH " dz' ¢ * ;

T J HEDMhgd MIsy dzlsls™ w Yy OIsr mizr
ipdzj Ry sdkrn ®O Y 1N2 M d2 W HORBE' .

Ivdz WOCIktstocdzOte EL Otc®O Ist 88 ‘Lic' BZzO 2lsicudy yid

Sls’ OH T .
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DiSter Is" dzirj dif) 3 dqdzC dz¢6 L dols’ B' dz' d3 B J tolzH
sdzr w Cjh jdzH ", CEfy"r todzr Yy "srdzr fn jS-jdzg az
(Dfr]fr]cffr]ISszlsls v tedz Jtj¢hj, MmMisBjiB sdz sy
B' dz &3 Byl fwsSyjm d ¥ Isd’ dsH' dz-Odyindiinls p figl
ddzhmisdiskzls dz HOd sk ddzC dzt L Jols® B' dz' d3 B Jjt
Bsdz''f IsOB'" dzOH ' .

RAzZC dzt L Jols' TB™MdZ dfsj & Jstglff , ts Is B-@fiyif) d frylo jdzzls Is
B'tedzj MG jdz Dtej CjIs’ Otoy r dzr YNLjceyg OmMOlsr
J M¢ JtGJ slsr ter f , sjw B' dZ d3 Odzlz b AR Iz’
BJ2 d®BH]j dzkej B OOD' slsO&zDOdz Is"IsOfm § jHOGEEGE(E

I1"dz Odzr YSOBOHO 11h dzgje" L6’ Mmkel j&Is CE
1. [d¢bidq
2. [IlsBOMmr
3. 1 j-@fydsigls j dzls
[ nhils" ¢ Yyl j ddfdzrLrdels' B' &' &3 BJ L
BB nOdzdL d@3' BB ISsOBT ZOHT .
RAzZC dz6 L Jols' B' dz' &3 Bj.tezH' 6 HOMBE 1 9tsdzs y
RS dz¢6 LJols' B' dz2 &3 Bjtelz dHjwfmr IsOttdrd
1 4 Jj Gtc] cOYEJE "Cjj LRI AWEZOZOteHT Yh Ok &zOE;
2. ROZIS] coDEd®tcllj Ly @&fr ttlsODO jdc¢' L E
3. RS dz¢ LIggYW d€ 3 BV 8O d2OI02 jui'Yddy J sIs' dz' 6 °
I "dz L otsdzs ydw B‘dz‘d3 BJtGIZ WddzsheWw dw mr d
Cl1OdzO o3 SIsi Sy Bj2' BHjWkz'c[ §iBjfe BP
BJ2 B@BHjdE® Cjttjte yYOODdHOMr dzO CEh Iz.
1 JHOEMBdMIs] dzlsls™ 6 ddzS dz¢ L dols® B dz' d3 B J
RAzC dzs L Jo s B'dz &3 BjtelzH" Is O'mdyH] ‘M Is } dzls |
stedzr Jted €hJ.
1 j HO@pIgd fiylsjrdds jtej $Mj B d &3 Btz Y O3
syk ftesyjm dzgnjy N4 64 yYyBBdZHOEZ CEeEtMmjlsjls’ dz c
[der W dzgje L' WEdS ydw dzOter
isYyk IsOf mr tdzOdzOter dz B 2" dBH ] Iz;
isykhro0O 3¢ yYBdzHOEZ CEtefmj Islkz;
BB" OO0z BFOWPRZOBIO® '™ dzH OD" B O2 ZOdz" Misr dz

i
iBOd&ZOdz" W pDdzjzd3gjIsls" € BJ2"  dgHj dzz' dzj € E O3,
1 j HO@sflgd Mis j dzls :

TdB"00Odz" dgH® OdzdzOMIsr LdrBO2 H " ;

isykzhrdgr IspkzjdzH® jlstfj2H";

iCjte"mM dzhj, B W HjtBjMIs' ¢ dz HOM" IskzD
],jtelslscllz BOtr -HMmigd @lstf jeis ®6 ®Wc Yy Olsr Mizr
isykhrdzr w tsyk d31slsq’a®uq’ mr dz Otelsils™ OIsT
ipdzj g JsB" &H j dzkz ' dz xOanGtGIsOlsrer;

i Ols@zOdzr W Mmjdz g dz2 Snhjlisjls’" dz Odz YIsOd
4S8 0N HEEBMEE] MIsJ dzls ™ dzls'. 3OS ISsOMIsr qr
1Jlslsjkz BOtGr Mr dzh ©. Y OWO "O" &3 Jj dz6 ' L ' dzH
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¢cf J Cissistg Qffn'H Ghhpd Mis j dzls r dzlsT |:.'1I3(D(:1zls.'l‘r]l.‘iizr dgf 4
ftesyy ' dz' w B Otcdz' y YOIsr mkhrr dzOter dg" W B ' tc
Dtej € 1Is’

I "dz rdzlst BOY IsOMmiIsr yIstw jtejChjdz SIsjte’
isjw Mjt' Clsj mls® ¢ ;

istclsOYy YOO Cjteh " dz' €;

iohry CodsdBzded € Oydw ;

inLHCCid'L BO22 dzOdzr M.

PH'® MdzOlz®©dz 8 dzO te

1dtlslsjkz €jdzim'" IS"D" tedzOtcDO dzgj G° L HJ dzH

IGO0 dzd Mis*® €

ils" dz0O B ROWH Ote dz'

(' Qsz ¢

Ingdzj eedlsqg& odzy

" Mmtej S’ €

1" dz Is"DrtgdzOts ddzC dz¢ L dols’ B'dz' &3 BJtolkzH
BJtejH'

1 md - tsdztstfs W @z5 8 ch &ty GRte

sd' d@gH " " dzlsT BOYIsOMmIsr Yy nh' dz Cjdzjfm' hOte

iIYn2jd ysmf OtedkzOkz;

iIf JHOGSGEISOtcHT W CpDMmM"Bd HOMBE' ;

I Ols@dzO zOtecH" YT’ Iskz;

T JHODMhgd MiIsj dzlsls® w Y OIsr Mz

THJOGdzsMIsd S Odzr v dsdzd Iststecd dz6 ;

iB  tedzj MSJdz BODOAZOE.

snte dzr -BOL &BudzH 2 s H J dz!

N fr dz" dgs@dzdzr 4 Ctsdi3f tsdzj delslsj dz Is" tcOH ™

1 v Odz” dgH T Y

2. [tslsdeOydwdz y
3.0 jlsls’ ¢

4 1 O0D0OdzOk

1 O2HO®ZOdZ" zDOdz pHiBdJjIslsj to

1 1resbMSd2 [ .. 1 Md-sdgedy oLl g2

512 fy.
2 ¢z 2z daf dzk L Jo dzts] tSBOLtSo Odzd J T s
[.: J1twtsme jhiBddj M.2016.

3 [ OdzsWjjo 1.1 . gt Jydodz! desj BitdOL:59 O
l etsfme j M j d4d3j6,8 2fp.1 4 .

4 wlzdzj 2 3] detso O [ . ¢ . R dz€ dz¥ LiddededzO s ': dz" o L
Zdzdo j tehd Isij21'0, B2015.
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5 [s9CjBOjo0O 1.6¢. RAdSELdols' B' d' o5 B
O ZkOIsT : G iP5, 82016 .

6 102k dzco ©® ¢. ¢. todzORd ZBABOdEEYST
198 B.

7 ubisBREddnNSd2 1. ¢. @jtHyl eshe Qi) dzg k!
383 fn.
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A
(_
S=¢"’"‘ "Sq" ¢ S"S,," SZ
] ’ ¢

77
— — L (S —_ L

181 zdz! BAAESpOLYEZES
Addzd Odz ¢ | ROdzIDjlezdjj Bls 2 Odz! dzOv O @3Oisiylalii finl€ gsic d
ZOf tcQodzj dzgdw ¢. sOLPOBEEO&EZHOP[ [ 1 rRZ, ¢

J MisOls! j tcOMMdBzOIstcd & O Is fyw o sL d3ts
dmimdzj Hs9 Olsj dz MSdr LOHOY 6 Isjd3dj vydmdztso
Oted W d3j Isd yj M¢ 2 d cjtdjlstedyj M2 ftotsG tc
zOo " Ctso ©OBOBAf &Y d fJtc) dzE3mLE Ote Ouddisdz! IsyOd
dgmimdzj Hse Olsj dz ME e R OWOSIjtO® M smtsB Miso l
Wistedzd tetso Odzd zOo " C 89 setsBh jded v, 9T H®
fodzzyjdgdzr = tojLEzdz sOlsse dzO dseo "™ | Mdlskz O
sted j dzlsd totso Odzdz = dzO or W o dzj dzd j L OC sdats 3
ftesctcj MMd2 d EMmlsOdatse dzj dzd j MewL j2 d3j Y H
f csfmdzj His9 Olsj dz' desflsj 2 .

sdzé yjor g diftpdzt©a O W fsmdzj Hise Ols j dz' dats |
ftesctej Mdw, citRibedyd MEOw f(wosctej mMindw,
sBBN jdadd, §Jjte desfy tjL zdz sOIsso .

l1iJtjH Mbotej d3j dede’ d@g BOIj BOIdyj MECddz tsB to
LOHOY. [BEYyjddj dBOIj BOISdSd HEBSdds BT Is!
Eyohdeafmw dzj btsdz ¢ ftojHdjlsder 7 L dzOdzad 2,
Zyd B dzr ~ z o34 dzd 2 d Ctsd3tf j Isd dzyd 2, sB j M
MOMBsMistswIsj dz! detsaslz d3r h dzj dzd ¥ , Utsq’d34dzc1dzq’*‘ |
[ Hdzts 2 dL Cdzs yjor nm sO¢ dn ¢ ts Bz bz dzyf B o C
sBtsBh Ol d fjtejdesmdls! tjLlzdz IsOIsT Eyj B dzt
Hso Olsj dz! «

1 OH Oyd dz0 yqmazse r j f smdzj
dimMmdzj Hs9 Olsj dz' MSddz  tsilsj dzyd Odzts oz, sO¢ ¢CO¢
Yyofmisdz n Mz 4O, o, or wodzj dzd J§ L OC tsdats d3j tc dz
feso jC Ol [ flesydBhd dLrlzudddy Isjsteiilsdudm
L OH Oy Zyoh dj mw tcOMMdzOIstcd o Ot Is tcOL dz
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fsmdzj His9 Ols j dz! dzesilsj 2, EMmilsOdzOe dzd & O¢ Is me
sftcjHjdzvwsls "0ttOCIsjtedmlsdyj MSdy MmMos2Mmilse O,
OdzOdzHr ®©B M j dzedw d f Jj tej desmO.

{[Bl jCIstsdz dOMIstswh jets dmMmdzj Hise Odad W )
BOlIsj OISy EZyohdeamw 9 CdazOmmtse, 9 1tOdBE (
MsOdztso d Ismw tcOL o dIsdJ mMf sMtsB 59 zud B dats
Momkshissw s j dz' detsfyls tcOMMEzy Hj dad 2 d sMsL o
Edztse dw A tsB dats 9 dzj dzd W MisH J oy Oded W d Istc j E
Emddzde ©4 Ismw f slstcj B detsfyls o sO¢Cdn o dHO:
Wstcdiddtelze Is Iz hCtsdz dzd € ts9 mMf smtse dats M ls
Otcezdzj dzglsdtetseo OlIs! or oatsH" d f jtoj desdls: d&zO
L OHOYy(d.

ltejHd3d s dimmdz Hso OdzgdW™w Moaw L Odz M W sted3d"
BtsBh Ols! d 4t dzsmdIs- tcjLEzdz IsOIsT ftod t
fr]dztsafj fsmdzj Hse Ols j dz' detsflis ( . ¢ dzO dzd L

JMlse jdedzr = 1 dzj d@3j dzlstse EkMmdztse dvw (i Ss@Cdatsh
mJnBH sls yOfmlsdze 7 dzOBdzE Hjdzd?2 ¢ Wistod3kz dz
J desihoC i tod d3d dzd dzd J i sdzlz yJ dedzts 2 L OC 5(
mMzyHjdedw o dLd3j dzy dgder = EMmdzsedwr ( dzOf
O dzd W fsmdzj His9 Ols j dz' detsfls ¢ Hiclze 52,
MEdesaCts2e dqLojMmlsdets?2 dHJd Y BSH detseolzs
A j dz dMmMmdzj Hiso Odad W L OC dzg yO  Isfmw ) tc O
dzj Hse Olsj dz2 MSC d~ L OH Oy i ts ydmdztse r oz
dzls cifdz'dgfgie d Is j dz' dzf = dBOILjtdOdzstes HAY tsyj dz
tcOLoadIlsd] kdzjded?2 OdzOdzdL ©, BB jdodWw d
Hj dzOj Isfyw &ZO dqLd3j dzgj dzdd COyJ mlse O Izuc;deIr
Cilstso G 1S Odze stedIsdz©@ ¢ Momktsmissw Is j dz! dzts 3z
cditslsjL, tBthdco Odzdt o' a SHESO .

rdzv  Htsmisdyj ddvY yj dzdf jfee) Y s dddig @gzd > ,
RBslsdeo Oyd s yJ ted L 9 Cdz¢ yJ dzd | L OH Oy, HiY L
tejhjdzadw d IstejBlzehda ddzlsj dzdzj SIskzOdzy dztsa ts
fsmdzj His9 Ols j dz' dztslis fsdmMC O Jdzo Oted Odzls O,
olstster n, tBiMYjudls! MmdMmisj BOBdU)MEts] ©OL
Zyoh dj mw H s dzy dz' Euydls! mw tcOMMdzOIstcd 8 Ols

OIS‘E{

no, O rgaaso
=

73 GOOTCNA

fsolsstews hdjmw MistekClskir , Ystdkddtess Ols!
fted i tOR, oCd» yow SE&asE]isd d3jde®yd &3l o5 d
flsOdzso s ©OLodlsdj ¢ tsikdsadakdailygaddy = ¢ dt
OQucbkdj dsOydy, StdkdyujmMScow syjdlo wjh e
fsor hOsls Mijfjdd GhsL Odkdshlsd kyjs ds?
[ 2], [ 4] . lted ftetsj SClsqdqetseo Odedd MdMmlsj o3
stse j dedetsisd HjowlsdS dzOMmMMmded Ctso d dzj sSH datste
LOHOddY MO Odzd ! §shdd doF &g, dets §ted
dmmdzj Hse Odzgdwv e, O dgf HdAdvW d&Jr-Oddyj MEBCEts ¢
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~ + ~

lGjHf sEZOC O kv, vyt Mdflkj BOIsduj NS 6]

stcd j dzZlsdtetso Odzdzr = dz0@ OdzOdzdL yYyOMmilsdzr = Mmdzlz v
fJtcd dats tejLlzdz sOIstse 9 dzisafJ Mdlskz 0O
f smdzj Hs9 Ols j dz! dzetsflsj 2 fr]IjtsfntSBfr]lsa Jjls fsor't
¢ OL Odzdzr R z d3d dzd 2 Zyoh d- mw [ 2] , [ 3],
ftojHY Sdztsy j dad W WadZW;Isan dHjw Isisd3 Yls t
tcOLodo O Ismw dzgy 1 fJLsHdudimMed, O o tjL kzd
HyJWIisj dzt desmils: §sdms O, l]’tetsa;tegq’ d tBtmdatse

v J st j-dgH IS tisH 5 dzts 6
HyWlisj dz/ desfylsdzr 2 H
L dzOdzd] kMo Odo Oj s Btsdzj j + WWJ ClIlsd o dats
d fsdmMisets? HJWIsjdzo desflsd EkEyoh jetsmw [ 1
sctOdzd ydo 04 Ismw Istc Odzm dzw yd J 2 CGielstsor A tcj !
MOoOmBsmMisswIsj dz' dztsce 5 clsCter Isqwe L OC tsdzts d3j
fsmistetsj ded¥ d klstsydzjdedY cdftslsjL, ofBitC
sBtsmdzso Odzd W . vsOCOVW SttcOdzdL Oydw tOBBIsT
' dzj ded v TlzjuiOdzjdSind'd 2 yOlsmY Mtk dshdls!
fsmr dzC Odzd , syd dzd 9 Ols Ctotej CIsdztsls
3 dzd dB3tsfilsd  dzO2 H | dedetse s MY stse O.

Lzdz: sOlIsT dmMmdzj Hise Odzd 2 ) sB &zOMisd

LT 9 Q¢t s, Yylsts LOHOYd M dmMmdzj Hise Olsj dz
HO btejBlzjlsmMY MOBsMIstswIsj dz@ dzOw d dzls j fe
HE, s jttCO tjhjddy d By O JjGets

odw H dzw tcOLodIsdw Odz0OdzdIsd yj ME s@ ts

dictseo OdzedWw EZd3j ded?2  jtoj desdls! M tsmse"
sfdzj Hse Olsj dz! degsisd GMtsB j dzdets 9" 1Oy j dz
J Hs9 Odzd j sls fwtsmis™ 7 dzOB dz¥ H § dzd 2 ( C
sd $dr ftedijtetse) ¢ Isjstejlsdyd fptefd -
, kmMlsOdzso dzj dzdj toj S ktotcj dzlsdzts? ififow L (.
ftoeddsj dzj ded ¥ tojL Ezdz' sOlstse o dL d3j dzy dadz" = Lk Mfmc

CRfdted yd mM¢ OW  yoOMmlis! dmmdzy Hise Oded W  Mlis:

]
fn
du4m sMmdese O d ff

d mnmdz 4 s Olsjdz? MSd2  BH
fyw dzg

-

58

ggagENoa aag

I-FOFS "0 F

. == 8’%@6“,_,@‘3_3
”R‘qc%ww“@q_&I

&
Q

dzOB dz¥ H j dzd W , OdzC j Isdtotseo Odad W d ddzlsj tco ' b,
Zyoh dasmw, fsMmdzj Hizs h jets OdzOdzd L O d fndd
fsLosdzv jls WdSMdesea O, COC EZyohdjmw or
MistcOIlsj ¢ dd 9" BdtcOs Is, ZOmME sdz' € s sMtsL dz

0dzC jlsdeso Odzdj d ddzsjtea’ s dmitsd Likskshw
Bslsdo Oydd d sldtsh jddw ¢ dfMimdjHse Olsj d f
sqfduder 7 LOklkHdzg dzd?2 o Wstehdzddess O

CjLbd Okto. wwOoddlsjdz dgr 2 Odz@OkzdL 1§ g’ ¢
gL dBj daj dzd?2 o MbtkzClklkztej twjh jded2 (§tsvwodzj
S Mdzd ded™¥ cOdedy Gtedd3j ded BsMmisd) . o d dzls
MH j dzOIs 9r 9aftsHT tsB Ztcts o dzj cOLodIsdw I
Wstcdidz dzd tetso OdzdWw wBtsBh jdzd?2 d  jtoj desMO toj L
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t OLtcOBOIsT 9 O BBOW mMd mis j KO dMmMmdzj Hiso Ols
Mz Hs9 Ols j dz' detslsw d3 tSted j dzlsJtetso OdzO dzO@ Is
Ofr, rOtOSIsjtedz j Hdzv BkylsBdtsets dMmMmdzj H
Misdzr - Mz yoO 4 o, fsdm¢ L OC tsdetsdzj todzetsmyls j
s jteClz dzO detseo ' - H Odzdz" ~ d ®eBBMmdtso Odz
dzd ydlilsj dz¢ des?2 s j dzdzsMls' & sOCdnma L OHOY
OdzH Otclsdzsects OdzetstedIlsd3O d dzj sB - tsH d d3sMis
d {13 LOHOdY yjdj hMtssBtcOLds o MistcO
dzsy dzgj dzgd W : tsIs L OHOY, CGHJ L OC dasd3j tcdatsml
L OH Oy Od3, stecjBEZEh dd3 HBC OL OIsj dz Mlse ©, M
Jtoj dzMO tjLEzdz OO dzO detser § § dzOMmMmr L OF
lticddzj o6 ddmlsj 3O GJdzj edtolzj s cCtsHE |
sfdz] Hse Ols)) @ das MO w Odzg e tcg p. 1 sL dzd C O
s tetsm: Btsy dets  dzd  f to jord M € O Dftgls o diisj hdzf dzts 9 ¢
smdzj Hs9 Ols j dz' detsfisd J Mmls! Emists2 ydoeo Ow L OC
dzjdz@ BjL ftshOcectsotsets ftodd3j dzgj dzgdwV f tcOo d dzC
IJthZdJ [dzv  f jteoadydesets OdzOdzdpL @, dzO?
O ¢ PP OoPYw YT LYJ d2O 1 Issdz 1 IsOfJ 9oc
Plso jtey H]dedd asMIsGitfQloeztinisido 52 € d dal o ¢ teflzts:
Hi dzd Isdnw 1.dzCe dzj H i858 Ols j dz! dzts, L OC tsdesd3j tcdzts s
ltoj BBOLEZ]J A3 toj CStotcfodzls dgd ¢fyts ®Ilodesy jodslzdigt
f sfdzj Hiso Ol§j dzt. datstntsd H O, tcOL HJ dzd o  tf Geadglzdrfiply
&) W — [bMsHO fdzj HE s pf B v-n@G O da) daf Is
¢ p B —.
bz BBdBO — EZftsh Oj kM e s, o 500 5 dRgz—.
VdBdztsy O, daPtsdizz yOj o3 wo daze W tstc yizddzzotdf smdzj H
ce pa8
vsO0¢dds BBEEOL 5, ntslsw lse j teg dzji iz t§ dzts ts
]
)

s
Is
o]
(%
Is
Is
te
)

o Y o e k=R

)

dzj Htso Ols j dz' detsfyls ¢ Hy2Mlsedlsj dz dzts ¢t to]
Oy OJbsmw ydjtwjLr Mjfjde Hot2¢d d dzd dzj ?
tcd 3 fe RCBdz dgs?2 RBOMIsjteMEts?2 dL ectslsOo dzc
O, SCtltter j ®ldzdyoslsmw Istsd ¢ ttOL d&3j tof
Hr HEzZh j2 dgO@ tsHdz d Ik xj o j dzdyddk,

J tow dzd i+ . [OfMmMisjte WdSMdttse Odz dzd h ¢ ts
slstsodzj dzgdw § jteor n h; Isd tOdtsC : 14 Mmd3
BlzjlsmMw otMimisOdztse dIs- H dzd dz tc OB C , ts
dz' L 2w dzO2H j dgdzz L OC sSdzts B tdad@iffla , d otSe
sH ftotso sdzst d IIISfI’]dZJ dLeBIlsso dzj degdw 12
tdhddedyd . 1 smMesdzy €k ftodojHY dadz" j L daC
Ctstf dzj dedzr 2 tOMABH ftososdtsSd, jMmlsjMmlse j
tcOMrtBH Htd HBBOodzjddd Byjtd Hds?2 ©GONRSEJ
LdZ2Oyjdzd?2 COLTr 908Ils tOMmnatsH dzO opLpesIstso

¢
fr
C

117

§ Ssocoo=agm
O oOoF3s "
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PX UPOP GHM XTUP GG PUTAXT G PCWPTNC W
ddzj Hiso Olsj dz' s ,.c Ozt dz’'tc O dz'¥ 17 M5, 20 M3
Mtsslse jIsise j dedzs, O HA&zddzO f jtcots?2 ORI toC

[Odzj j orwodzwjlbfmw LOSBdsi) edtsimls! @ ©OI
Hdzd dzOdsd teOBEE nifptxMds &6 dzdz' 0, { @ (0 0, ¢ W CQ
o). Cbt Ld&OYOjls, Yt Hodd tOBsS BiC

tcOL detsfls ¥ 3 Mmd3, O seO®AERd sdity drgrddd®d  HOls
P. UBSGHO-2HdedOdY d1 2c 0o dzO 14 +3 L 11=47 mag.

rdzv  or ydmdzj degdv MmMEzBBOtcdzsets twWOMRSHO {1
tcORsC dMfsd Likzjlsmw dzdets HtsMisteOdo Oded j
Wistedzz dzO Mz dzd3r OtedW 3 Isdyd MEts?2 Jtetseted mMind
ydzj dz" , Miz-eBdgor wPo @ p o ¢ iy .

l tjLikzdz O] LOHOYyd EMlsOdzOe dzd o ©Oj Ismw
L OHOY dmmdzj Hs9 Olsj dz' ME BGE 1S ~nOtOCIs ] tcO:
ZOSC s dzj dzdz" = o j dzZdyddz (tsBh d2 t©OMABH, tsB
stcj Bz j Isfpw o smMMmMisOdztse d Is! f smdzj Hise Ols j dz' d
HisMIsOlstsydets tcOMMdsslstecjIs! tOL detsisd Mtsj H dac

ltoddzdlte ISJ.f dzdyd Jd A JdHdzlj odets S tsdzstctsdzd tclz & |
LO MmBtw ftcdetstc dzj fsCOLr 90]jIs MO tOMm
dL d3j dzj dedJ Yt MteOodzj dzd® M YtejH" HEN Jd3 H d2
dHizhdj dL d3j dgj dedv tOo de” 6 dz, 12 d 24 &z
H J dz tcOfmMrtsH MtsMisOaddz 18 . stejBlzjIlsmw
ot d3ds?2 H j dz' O sO¢ Y] EmlsOdztse d Is sBh j
cOMrsHO d MO L dzOyj dedwvw t6OMaBSHO 5 HdAWC

tdnddedy. 4 d&20yodzO otmMmlsOdtsoddy ttOMnA SH
Hjdz B"dzs 18 dz, O dqLBjdgjdedjy dBBjyHE fjtcor
H J dz Mstslse j Isfisp @ jpls p qudrzO y g @edzy j dL ) [z to da
o smMMmisOdztse d Is! mMdzj Hize b d§ L dz20y 4 dzd v , i s dz
gL g dzj dedw: o Istej Isd@RyY pg demz, tc Odn - 1§ §ilsaeiOte I rd2
CT vtdz, o TIfuomlisT P p mdz.

10 MdzjHkzeh jd3 hOE] orvwedzw jlsfqpw L OC tsdztsd
8 BtOLEZsIs ¢ jtdjlstcedy MGz ftotsc tej
JIs ecdftlsjL O, ysts d HOd dzgj 2h dJd dL
dzz, Ikt JjMmis: ftshdz Hso Olsj dz' dzs Ik H o9 O( ¢
hjMmists?2 Hpjrzg'w @ tpQwdr,dz o  Mij o Pps¢ 0 w iz, 9
s idg@mo YT X X az.

szt yJ ots? teJ L zdzt SOIs 1 Ists? L OH Oyd W st
mMos2MmMlsets, MmMkh jMmlse jdzdet] HdEZW dhidzj HisS9 Olsj
JmMdzd drLoe jMmlsdz® fsMmdzj Hise Olsj dz¢ dztsfls ¢ ftedtcO
sBtOL 28 Is Gt stcdyj MC z¥ ftotscgtej Mg ,
omMMisOdzOe dzd 9 O Ismw CO¢ f smdzj Hiso Ols j dz' dzOW
ftcj HMSOoadzv jIs MtsBB2 ¢cdROStsfdzidzdjé 643 Is
By dets dzy Istsdzr €5 o sMMmMisOdatse d Is- slsH j dz' dz" j
sBhd2 odH. 1 Ofdetd@3y jeded Vj M@y dfdaO® Ismw f dz
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dZszq’W d HOdzj | Edgdesy O Isfqpw dzO f sMists
yddzr o' Oy 0OsIsMmY ydtejL Mezddlz §jtee’"
Oh j dzd? (fdzgfnp dqrLoj Misdesy MisOtelstse 5§
syj S d HddZOBISCd twOLoadlsdw Ekd3j dzd
I IsOIstso B dzO tOL OB s5ls OdzO HdOG dz
Oyd dzd § mMsmistsd Is ) s s d3, YlstsB T
Bdtctso Odzdetsisd Cdzt yjor n o Mdzdlsj dz' dz
dls
dqo

5‘Q—|—
5%

PE NI o _agg
3
=

N

Wstcdsdteclze h jes 1 IsOf O d M tsMmlsOs
J a3r dmmdzj HB9 OIsj dzz MSder L OHOY. r
Ylstsp' ftoso j oW ls! dzj Itsdz! ¢ ts UdeIqudZ»
' 9" Hj dzwW Is ! L OC sdesdzj tedatsls ! Otc @
Jdadzze dHJj¥® 9o dL A3 dey dedzets?2 MdlskzOydd.
HdOGdzetsisdyyd M ¥ twOBSIsk 9o ¢ dz¢ yOdzd My
sdets d3j tedats s d d Wistedilz dzd tets 9 O dzd | f tcOo
OLOIsjdz Mlsaets dqdzd tsBtsMmMdzso Odzdj Mo 2 Milse
Hjdedetsets tojLbizdz sOISO dzO@ dL d&3j dav dadz | t
CdesmMisdyj MEsets L OHOdzd W .

c{d34te HJOGdesmisd yj MmS s ts L OH Odzd W .
Htso Olsj dz! dztsmlisd : 3; 7 ; 13; 21 ; 31;
dlsj g-dstie 3l didg dz0 q’dzc{ tcj Cztotcj dzls dzts § 1
dedzs ] ftcOoddets (ftetso jteCts2 dz® dzse ' R
dz
G’

gNGTINIgs =00
- O
Q_

O-gr =
QWO OFBFENAITO FHO0OF 220FHO O0FGO2T =0

CFO~ TINOF THNSI QaNas, QP nn

IQ.I'_

2

dlsy dzO2Hjdzdzr 2 Mismtse € dL d3j dzy dzdzt
dydzz¥ L OHOYk, 9o Ctltstes?2 fjto" j HE
j dzd o Odzdj] kM j Milseo dzvw dzts iy z0 sfMdeso j
d2, 0O0dzOdzdL O tjh jded?2 dMmMmdzj His9 Olsj dz! f
ILtso0Odzdj d3 L OteOdz] 4 tcOL tc OB 5ls O dzdats 2

tseo Odzd iy dzOB dz¢ HOj B | f ¢ 0L Olsj dzd

Jdgdzr = MmoewerL j2 o tmwssqq, Cstetej CIs
d, tsB sdzts o Odzdzts s ¢ 9" 9 tSH O, O IsO¢
sdzls j € Mis. dtcOQodzgj dzdj omtsHdzs?2 d (s
COL Olsj dzw d3: (1) Mt Hdzd 2 MERBOG dz
d s Mmeddi LOHOd]?2); (2) HEB
| Mej Hdzd 2/ dedL S 2 e (s QO>|Htsd3Iz z d3.
sfis Htsdzq’ Zyoh dnr mw, Mt jhdats o'
mdzs ) dzr 2 Qtsd3q’13dszzls). RIssed ¢t
stso CtsdmisOlsdiclze h jets d Ctdzlstetsdzl ©
Yd dzj o' n kZd3j ded¥ yjdde OdzdMm' -t
s COYHBRE C-&6dBPzdse M BB MHd ) .
jdedzr | MmoewirLd o EfmMzseadd dzj o Hj dzj
r tslsH j dz' dz" § mMowrd d HOdzdz ], dzt
dg"  Cdz¢ ydorg tdzj3jdelst d Mmewid, ¢
(0-2):01 L OS sz 3] tedzsMmist dzy MV BBz dzdtetso OdzO &
i L OC detsd3j tedets s ! W stc i3z dzd tots 9 O dzO yo
Eidztse 2/ sEtcOdzif U§ tetf2 € Is dzt W stc Bz dzd tetso Odz

R—&I"ﬂﬁ-

Fg o0 geIEar
S0& " °9+~3 70O

vCoIFw

I I jﬁ.
3 0

RE3OD
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(fcOoddzs/ Mots2flsots) M bkSOLOddj d5-2k Gyikso d 2
My smMise daj Ytoddsd dzvjIlsmvw & §(d tegsgatphdzdzts A tsided
shdBC OB dqdd Itd St §tof dzddaj ) daz?2?2 f it 66
sl dzOdzedets §ted dj dgv j sfyw € degsoats2 L OHOYJ dC
10 StsdmsOkdieksh jd {Ofj Br ds fse jH
C OMmMmses. 16 tjLbd sOOdE Isjhsss ¢ ¢ dzOddls
AStedBO e (ofw. ¢) d &Olj B3Odud M&dn Od
Mlsjfjde s HeMste jwdshisd d GtwjHjdvshdn
Gjhjdds LOHOY, (dvisdldsects d §teisilstsO ds

bigdesodz’ j ctkdffr High, Middle d Low I
Meslse j sflse j dedzats) .

v OB d&ZdJYyoO 1. tOMmMftejHjdzjdedj Eyohdeamw 9 ¢ dzOMmMm
¢1u.%0§;®®bqq4mgdn OdkzOzts G d 2

Victse | [ 5 dzw 1 JHOGEBGdyd f INdHOJ BB § M
(mds{zyoh dd ddsi tef i lsOydw Eyjsdats?2 HJWIsj d
Ctolzt % Ctsdzlsj $Misj tjh OBl ) dMmimdzj ¢
L OH OyOdzd
High level | 32 viss2 ydo s MW 1" Misted 4 or weo dzw
0dzOdzd sd ud MSdj |[2mdztse W ; yoh j
orhj Colstsodzed tslsj LT d i tq
MomksMisswIsj d dzsi iy smise dz ¢ 4t
mMf shtsB tso tcjldzsea ™ §J L OHOY(d
sBtsMmdzso Odzd
Middle 57 1 OLBsOr j Odzg I rwoegdzwe s L OF sdat
level Hj2fMlsadw MW tste] dzOdzd yd d d4
stcj BkEIs BYfB' osftesMso/ BBGOL Y
2O kmdzsydwes hdishdeSd o tsBtsfdst
9" fsdzdgv ¥ Is yOMmilsd
Low level |11 17 60Oy j dedz" § LOutelzH detsfiyls d fy
OOdzd Isd yj MS sz Mizh jMise j dedz" = Mg
Istcj Bz Isfmw Wistedzgz dzd telz ¥ Is fpw
fsSHH]jtYCO dzj 5B - SH J BBO
stec OdzdL Oydw f s

[ S sdzdzd Isj dz' dgts B dzO ff tetseo j H j dzO fnlsOtclsBa
L OH Odzd W fn 1 dzj d3d dzls © o3d dMmmdzj Hiso Odzad v :
CdzOmmdW dS Oyds d etBN jdzd g, dzO u’th’d34dz
ftcOCIkdyj MSd MdskzOoydwsa. o¢&OddL ©OBGI
Eyoh dofmw dmirisr a0jls IstekHdesMmlsd fted o' ft
nOLOCIls .O: 4% L OltezHdzws siw fted tejh j dzq
Bisdzj j 31% My isr 905l Mmsydshlsd §td
MHJj )y Odzed j d3;, L OHOdzdWwW dzO o' Wodzjdady L OC 5«
37% Eyohdamw,; 7% EyjddStse dzj 1]’ dimiszf O &

d
g
3
d
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sOBd&GYO 2. (jLbkd O’ MkOksas?2 HGOEdsMlsdS
9 CkOMMmEs

 JOGdetsMmisgl teswodzjdedj L |rdzv Eyol sdf dyds 2 H
z d34 ded 4 (usts WdEmMdtet L Olstclz H dzj (CtcOIlsS 5)
L OH Odz( ] tcOB BISOR) %
17 f sdzdzd dzq 4 9" Hoa G OB Ig 34 1 JHsMIsOls tsya
fn L dzj BJHJ 2 Mlsokze Is MW stcdidd tetso O(
dmimdzj Hse (f jtoj BSIGO B J dmimdzj His0 Ols §
skfmMizlsmisozjls O dzG ts teH] jlsXHiPls o
ftotso j o O/ SB 1S
1 ted d3d dzd dequ tclz H dzts M Is >31 4 dzOB " 2 f
BOIj BOIsd{EzmMdzsa v o &O L d&z0ded 2 dzO ¢
ftcOCIsdyd idsHJ dz' ; L OH OYyd
MdlszOydwddadzlsj ef toj IsOy(d ¢
I rmweoodzj dzd 41 4 odHwIls o 37 rivwduydls O (
LOCtsdetsd3j iMlstczC Iskztclz sBtsB M O8 h Qo
9" HJ dzw Is ! mkz Hy2Mmlse d?2
ftedL dzOC d s N
sBtsBn jded d
gt Oissmistsw g1 § ftedmiskzy ~7 [ slsd e Oud tsdzg
MisOtels tojNor f sdzdzj dad ¥ L ( otsdzj o 52 B
sisfmizlsmise dJ
fMistcOIsj cdd

Clsd tjLEZW@OOBOs s dzO dzj sBARtsHddisMIs! fd
stsdzr €ts i Htoj HA3j Isder disd L dzOded W &i3( , dzts
oMMy Hijdd2, M bdBiddid fijtti-tHdI! i
ftedd3j daj dzgd ¥ tjLbdz! sSOlsse o dgtsor o bfydztse dwrF

stso dBj Misdzs ) Eyuydljdvdd COW jHE' &Olj &C
Mz dizdzOIsdo dzsets syjdzdo Odzdw L O Yj-B50J Lilse BQH

2024 bkyjBdr j CGGBH'. utOosdzdlsj dz dzr 2 OdzO dzc
o' fsdzdzgj dzdz" 7 L OHOdzd?2 5 tOLHjdzEZ ¢9. 3¢ 1
20 Odw B3 sdud Mskz¥, Gjd3jIstedud MEkzs  f tot

BOdStsomMCd] fHttsyjdalsr) dzO 23 % dedy 4 Mt H
LOHOdzd?2 6 ttOBtSl] © yYyjdsd. Clsts fBHIs j
stcjBlzjls dzgj Isdz ¢t BltcOBBISCd Wstedikzdz, dats
Odz0OdzdL © L OoadMmddsmisd, fsMmistctsj dzd W d ¢ttt
mMfsmsese tojh jdadWw.

10 Wistedzdtoclzs h jds 1 IsOfj © =S"tH] § OtcOdzdzj
tcOLHjdzz ¢9. 3¢ 1 tMmdzjHSe Olsj dz desfisde o { to

Zyy Istsdi 9" wWo dzj dzdz" m HiWdydlstse . vbydlsj dz
tcOL tcOBBIsOdzdzr | MMdzj Hso O j dz2 MEdj L OHOYJ
MOBtsMIssWIs j dz dzr n tcOB IsOR, Hd3ON dzj d3 L OH
syJ dzd @ Odzd v . ¢ ¢ yd dzls HJ dzO dzfmw dzO tstc ¢ O da

fsiMsOdsoCj otftsmMO, OdOdkdL ) yOfmksdr 7 fdt
sBtsdatseo Oded d, d2O BBMEZYHjdedd MlsteOlsjcd?2 to]
tojLEzdz sOlsOd] .
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10 Ctdzlstesdz detsdz 1 sOf jJ B"™ dzO ftetse j HJ dzO
o Cdzg YyOeh OV L OHOdzd W , mMsf smMisQoaddzr § 5 Isc
Btsdzj j or MsC @ ts z tc 5 0 dzW mMdztsy detsmis d . Clts
MW stcdsdtetso Odzdze" § MY sMtse " Hy2MlsadwY MtsatcOd
Istcj BIz® Is dzd zZyohdj mw o dzj N dzd 2 f BHHJ Y S
MoOmksmMisswIsj dz' dzts. dtcOQo dzgd Is j dz' dzr 2 O dzO dzd L
HdOG dztsmisd € d dmf sdz' L s9 Odzinw H dzw WS moyd
or ftsdzdzj dzgdv, 1OSC d o COyJj mbae jEzdgpddhdy o) Hz
L OC sdetsdzj tedatsmis d, WstcdBz dzd tetso Ols ! sBtBN jd
tcjLEkzdz IsOIstse .

It tejLbizdz OISO Cdzlstetsdz! dzsegts L ISsOf © BT

Hd &z20d3d € © fts Cdzt yjord3 HIJOcGdsMmMisdtolz j &' d3
dgdmfrilsr o s h QA L OlstclzH dzj dzd v i tcd 9" f tsdzdzj
LOSBdesd3 edetsisy 2, MmMdedL JdzOM+: M 37% HES 22
fted twjhjddd LOHOY M { @)K &BOBE di9ijez] Het
Hsdzw EZyohdeafmw, dMmfrilsr e 08 h dn Mmdztsy dshisd
MsH j oy Odzed j d3: fn Btsdzj J Yydd@d 31% HTS 18
ftedmlskzyf O h d A ¢ o' f tsdzdzj dzd © L OH Odzd 2, z
ECOLT 90jIs dzO fMmdedy jdedj BOt! jtose o ¢ dzs yvy dz
o' fsdzdzsj dzdd L OHOdd2 dMMmdzj Hise Olsj dz MSBE -

vtcOQodzj dzdj onmBHdE?2 d dhtetsoat?2 HJOG dts
OL Odzts tetsfls COyd Mse O tcOMmMizy HJj dzd 2 :
Cdetsmisduyy MS k¥ tOBSIE EZ9j dzd yd dzmhw m 7,
| J o7 Oy jdedzr J] dL d3j dzj dzgdwWw dzOB dzé H Oz
hdrmw, Cstote Clsdets ftedd3g dgws h dr  dzO2 H J d
mMEyHjddw o dLd3dd dgv dedzts? mMdlskzOydd, o t
Zdz' sOIsr fYsHIse jtley HOE IS, vyl t6j ¢lkzdvtdats,
ydmazser d3 §tsmdzj Hiso Olsj dz' desilsw dz MY sMs
o Hj2Mmlsadw, fMmewL Odedzr = ) 0OdzOdzdL
3 tcjLlzdz sOIstse o detseor | Ekfmdztse dvw.
' tcOB SIsT B' dzs EMmlsOdztse dzj dzts, Y e
LOHOY ¢t ydmazse r o3
okzjls wOLoadIlsde & Eyoh d
sfdls tcjLizdz sOIsT . t OL OB 5ls Odzdz'
ow RBsH J dz! sy dzd o Odzed W fsL o
W HOdzdzr n dzOer Cse d f sdzzyOls!
JHBo Odzgdw, ybt fftserhoOjls tBI j§
Ols! &jlssHduy Mk OBtk M 1

= F- 0L 02
"3 020"
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1 SantosTrigo M. Problem solving in mathematics education: tracing its

foundations and current reseajmtactice trends / ZDM Mathematics Education.
2024. Vol. 56. P. 211222. DOI: 10.1007/s1185824-015788.
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¢ . Obr MisOkzB OJ 9 O

[ OcdMmistCdEse 3’ Is OO Olsr dgh OUr g7 L' dZotH O Ik dzd
[ . 4. s0OddzBOJj 90

W' dz yBEls § $h B0k dBH OfisT tor dzd Oezts th BB Q MB)stedzn G U
I L B0 tids s’ &ZsttHO 3.

1"z d30YOdZOHG 52" dz sjrdetsdzsedw dzOter  dzj @
\JJG'J'[GISIZH W DH Misjdigjdz' ¢ JtejChjdz' CIsjte’
Zhr &zOtHTr W Yk f(tesyj m' daj BJ dzfnj dzH ° Y O
HOGBSEdSEOdZ Y Y"tOdz tejiIs' dzghy MYy OllsOdzOH T
ter M dzZH O 27 dz L dzj By dzlslsj 6’ dz Y sSdzH Odzlz

B' dmjCi3 ds OH " . Htsdz" d3j dz Y OlsOte, s2'" dzH Ote
HJjGJjdz YY" LTOEkhMr dzf OF Otls™ B' dz' d&3H ' 3 W
52" dz IsjrdzsdzsedWw dzOter dz MOBOYISO Y tdzH Odzlz H
&3r MOdzH Oter " M dzf &zOH T .

st 2 dz MU wlg s - desdzse dw iyr $k0Ilsj 3OIsd € O,
EZsedCOdzr v B2 dzOE

< W@ g

JoXolinde:

s ' MY 4.

DOL ‘Btsak' d3 Bjtelz yn2jMm dHj yYykhr &zOteH'™ W
sOdz" dcsH" ¥ BjdzZMjdgH ' dz' 6" dz HOM sz Yy pdzj D
BOMIsT d3' dzH j IslsjtcH W B t&° Bsdz' f BIs' t¢. cfm
CNtH j dz' , OB MistcOC Is’ dz' "Dr BHOWDO Istsdz B
H' MBisdm Odzz Y Oy 4 Is.

ssdz DH' MISIjEH" dz 8] Acdzts dzts[c2TWdkOls ] - dzts dzts 6
ftesydfm d Y "L"ylsr, BjdMjdH" XDdj dzplsdy J
CJVw dzidz YBBdzH Odz" dzzH ©O. [27 &z Oty ' dzf sykhr
ZsedS Odzr v 2 d&zOEz, IsOdzH O Iz, mMoOodzr misr iz, h
HO3r ISOHT .
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(27 &z B~ gz W dzOte" dgr .6 Isj stedwdzr 2 dzj G
[ 27 dz Isj mn dzsizts sy w igif ctsyj " dz s2'" dz W s
n2Qr BHOMIST QPO E ¢ Odz" Y DH' M. [ dz" v
[ .. lretslMEd2H" W ¢ OY" dz2 HO®BE 02 iZOODT e,
Csedzdlsdols' HOMBE Isjtstedw &zOte"™ d3j dz Isr D" L B OF
lreslsmMéd2H" w " ¢ o' dgh §, B OdzO HOd3szdZH
OlsyYy OtcOH "i.MBHR 'pddzj 23] Isls’™ & DtGJQJISIS W daj G L
CdL " dgH] BYEhT™ EL &BIBE dgH' ' 6" dz Cjwj2l" 1,
[2T &z B~z W Mr dz W dzi 6° L G JtGJCthz
- sykhr BjdihjdH' Mkl jCIs BSA&ZOHT ;
- B 'z @3 HO27r dz SNAH] BJt" dzd3gj 2H' , " LHJC
- L BsyqsdzOdzH v tstels® yYyOdzr f sOMOH T
- BDMj SddzijMmls™ € XYpdzj " dzlst dZOY sOMmIsr ¥y HOC

[Olj BOIdCOdzr @ udUr BHOLH' .d&j 6CjlekH | 2
[ O] BOdSOd ¥ "O' GH Ot ( NMOdz, BEWD jC,
OBMistcOCls' & Mdy Olsls ® &z® tsEzO H 'Is 1 ) ' dziaizH &ty ds P dz
fcOCIkdSOdr Y DtejSjl ElSj BOW' LHT .
[27 dz jrdegsdzsedw dzOter sf)r vy Gy jfijddzrdz’ Cls*
- 4 OdzH OtcH' B@®OPez 8Drdgr dz Bj S IsjH' ;
AdCbktcOdkOE j tedkj dgtcef W dzr Y Isify' dg Cl' HO
S
J

- s T QI lej £ H OODHT dzOter dz N J Ist dzH ' te
- Edzh j ¢ iBBGELAtgrCelsj tcH' MOdzr Misr cz0DO 112
[27 dz2 BOtr fr dzh © Y ENM T dzOY IsT Dtej Cjls

iMmsi MOYlsOEZDO BN BE" dzH' & BJjtejH" .

¢
¢
¢
¢

[T sEHT 2" BHOMIS clz pH' MiIsj d&3j " .

[27dz bjrdzsdzsedw mr dz MOBOYISO Y sdzH Odzlz
YHLjcejg OMOHT

1. 1 Q27 dzHr 3. [P POIO'd3 27 d2 BOY MOIsT dz 0Odz
s fp' dzH " toj H

2. [ 27 dz Q:JO[Lchlzﬁh'f dz0 te B J dzfmj dzH ° Y Olst iyr
Ste’ dzgH O2 H T .
3. gtste’ IsT Gz L ) OIsd X J s OdzH O dzOH " Y Ols j dzj tc

YHte' L' dzjH" .
I "dz Y'Y Zh tsdzOtcHT W Y112 jdz2 2dzOEZ"™ dz HOM

[27 dz sTtdzjte' Ypdaj SEOGHT 6 StdH Ody dzlkz'

sdfmilsy 1. [27rdz Isttedzjte®™ Y pdaf BOSMOIST .

[27 dz s’ |[[ Oy MOIsT [r MOdz 527 dzf
rq’HOleq’COdJ‘dz‘ dB3H' BJ S Ik |[ OljB30Isds Odzr v ¢
t EdzH ' € Z"' 0OOted3Oh r dz v H(QIEdZ jC HUC ] dZ

r Otc" (T ZHOBH"' Y fJidz Es" d3 X' dzH Od3?
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[56dSOd ¥ [[2OkE yYOB ' dzjls' uOdgH O s LB jG"
StsBEOdzH Odz' Y3 dzls' 30y sOMmIsr vy Yusflsry jMmjf hrd

4R i BP1ldz bjndesdzscdwimr d2 6 Suter dzr

UEO3] dzH J G e j &3O OB OY IsODT s271 dz Is
Y"tor dz’CB'tedpj Isj H "

gdnJ BO:

[ Oy MmMOls y s

Z

{27 de Jteiqif dze sufy’ dzH’ bz

Z

[27dz DtejCjls' dz e’ dzv Ok

Z

1 DIsdy J dz. IsOdzH Ok

Z

] Q00O Y bpdzj tej Wdzj € mdw

lcOCIsdC Odzr 8. 3" MO dzH Ote

1-d&3" MOdz: c¢ci1 Mdzh j €. BOL Oter € 5271 dzf

[ykhr d&zOtce MOIEzhr ybDdzj @R jtk s@Pdzir" r MiDEL
I1"dz s27dz BEdZzMN j € "O" d3r dz dzOyY st Isiuf" dzzegj ¢

2-d3F MOdz: ¢s' ' d3 Y '.dzHOB? e 21 dz

[ykehr zOcDO® OkZrLPO Mjflsjtc Bjte' dzj H'
NJd W B OL BSBSAEZOHT .

3@ MOdz: cAdebktcOdzy IsOfe 27 dzf

] J B3 stcff ez g OdzOtcHr W Y OMdjblsjte' dz Odz
dZtedC Odzr v 82 &zOkz"™ dz HOM ISOHT .

[27dz jrdzgsdzsedwimr dg 6 Isd" dB3H' &z ¢ .
o(ierz Isj mdesdzsc W dzOte” dz YsdzH OdzzH "™ W Otels’
sYk ®Bslsdes Oydwm" dz Otelsls” cOH T ;
- MOBOYYO yYrLrokhrdz visr Cuh j2IlsjH’
- e S Odzr Y 52 d&zOEZHT HOM ISOHT
- Istsflsty Y"di¥ f HOOH'™ dzOter dz YOdzr f sOMmlisr t
- L dsydqsdzOdzH" Y Y ODHO2H"™ Y OYMOtISOHT .
[2T7dz €JL dgH] ®YERMNT 2Ot jt6C ' dz D] S il |
SdzOtcH™ W h T DOtedZEON T &z v YOB ' dzjIs' dz HOWMZ ISOHT
fndOdz" dzgdz' 6 tMdz
[27 &z Sl ~dzsdzBe W M dzH GOds" @z dzdz' W tcE dz'
- ||2rd3H®fr]|$rtQ|2hr
- BOODM IslsOlzhr ;
- BOY'" dzOlzh r ;
BOODOWOERZh T yYyr L d3jIs' dz Olsy OtcOH T .
"oOdzZ &3 27 dagder W BOY MOIsT dz dzOY st Yy 2T f

Y—
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Actual problems of modern scieng@026

Ismr i3 © e eO® B j dZlfj dzH." dz' ¢ " dz HOR" sk

[27dz Y o9rLrokhr dzry Y 1 jdzlmjdent dzf € Y
DU LT tgj.lsls’ dz' €

Dste’ IsT dzH ' .

[27 dz Isj n dets dztycOLW de@tér B ' dzf
syYrilskzgur v J v Isd ' d3H ' DH' Misj :
YrLrokzhr@s@lsrdder f yYyOdzO Y2 BO2, sSdzZOtH ' W
hr OOtd3sOmBjazy dzH " dz' ¢ dz Y pDdzy Ctsd3Blzdzd C Olsd ol

dtsdzH " YIsOdz dBBOIj] ©ZOISdSE O MOBOYIsOter dzH O ¢
IsinteH] YVYB&ZIEOAEE MOYf OM" dz2 Olslsr czH"™ W BOWr' L HT

3 Btz U2
tc' dz' v B' to
2
s

] ©2 H OdzO dp HIOBOdE Is Is | to

1 Ireslmed2 [ . u. [ifdoG@iS jybo, dzjl OfBe22. dzj Lz .
2 1dOYj . 10kOd v HiDBEdfiMdI8@BcdY mr .
3 Jtkdzite 1. [VU'sEsEGsY] 966.

4 D0OL Oythjlsifdz B dzd € O dzr W 1 *idh fids CelgQg Iz 2fPILE
5 [ Olj B3O COdy Yk ipuZe®ls dsj B0 2Ly
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r.fbpkdzj sy o7

[ OcedMmMistcOdzls, &. ¢ BOdy sdztse Olsr dzH Odr 2z 3
l ypkzdzjlsyr ot

[ OcdMmisteOdzls, wOls QMO Sdzov, CMS j di3j dz 3

t. 8. 1jJ2Mj BBOJ 9 O
1. 9.¢, fesYyBassdss Ols' dHodr zsu, Cf

[ OY OzOH O Y OWUOEKIlsr zZDOdz B dz' d3 B J Loz -B ODH
M d YO OttdzOdkzDOdz ¢DOL OY fls Ofid dzm HSE O df v dz
BOL d¢3" dzf d&z0 IsOdzH Ok Y OMOd&zOH ' . 1Jtwelslsjlz BCG
BOY MOKISOWLr dzr W Il 2j dzj dzlz® GjtsecteOWdwdz Y
jJtejChjdz Clsjte" , COtclstsgtcOW dWw dzr y 3 D dzd
Y tsSdzH Odgy @z ©Ofls™ tor dzOH ™ . [YEdz v &OL d@3" dz' dz' v
sOdzOf s Ot dz@ Mp2¢ jMis' ¢ Odz" YIsOdz 1, tsdzr v
B' dz' &3 dz YOdzr f IsOfilsr eeHOD" BOWr LT O2Y" dgH C
fopdg dz syYrlsk pH MisjdBiMm" dz 3 jlIs" dzhn' tclzcj M D
BJtd H'

ut 2 ML HBBERE A VYV, sykzhr, 3" 0 @dz" dp,ls j dylsdz
CjhjdgHjte, YOWD" tclskz, IOYMrtrm, § OtOHJGAG d3C

1t dz" &3 Bjtwelz YNy JjgMm dHy GcJscwOWdWw -f D de
Y SOOM®HO"ydz" dsH OtcH " W CeEtflsjcy dz O iy 1] jsSoldetdd jdte
sykzhr dz=OteH O C jh jdzH' GjBGEtOWdwdz vy, mMow fm
NYNAJiM dz2 YyOodz f sOMmiIsr o sybkhrdzr w y»jtcyj
BOD'Is BjtejH' . DHDOL "t &iBjSIjf cjtsctcOW dwH
Ytk dHjwMmr &gjdz IsrorL BO2&Od fMmisr . C O dac
" BHOMB] BECOWdWY fpodzg dzgHj 6" IsOdgr dgH"™ Y Y " |
Dtej CjIslsjtc’ dz YWOdzdgf Ok @Az f IsOB" dzOH " .
DH' Misj digj &z ¢ BOIj tcd OdzH OtcH ™ W, Yysfmr &sh 0 0O)

dzeJ G' LHJdzGjdz " d3r iy Islitedzj tef Bj &z DH' MiIsj tc°
BOWT L HT fMyr B"tel dzD" HO2 Y kzdz' y-tspisuZr fifls jyd§) def
Cjhjdadz' w dgje' " L' Blzrdzgr. 1 ODHOtdzOBZOM] dz
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Actual problems of modern scieng@026

StelsOdzr v Bt dz OdzOH"™ Yy bpdzj BOtdz vy Y " tecOd3H O
B' g ssdz" YIsT cOH " .

[YEdi YOk OkIsT B OWMGHO®RZOOd &GOl ttdod,
YOB' dMeYr dr OYfOLOls 3jIsC' LEH'W dgje&' L g’
5OMm" BOd&H Okhr pig' ®Y'lkk Y"twOd BGd {

dSJ\UG'J'[GIZG;p,Y fiptpdztt OMWOtcH" W EL Bjls" dghj hr oo
dzj 'L’ B'dzZ ¢ fjdz HOODH' dzOter dz HO IszDO

1Sy B d2' df dz Y OVWOD'" tglsk Yk YYO XD
IsOde)lesG)tG Y B2HT . c riCwytz sdgO Isigets ydz ddz o 30O |

Milsj digi"dy 'Cte’ dzH OBOM' dz Y"teOMmIsr czH O L O
IIJHOGISG‘q’QOdzrY-Dubchgjdﬁf%c{dzjc‘LHJtGH‘ Sl
dtj Chjdzjdzgdls' &z sykz €' IsOB"' . Jykdz YO B
sykhrdzr vw 20k YOB '  dZjIs'" dz HOM Ist B J dzf
rdzls©@ Y Odzr fIsOfmilsr tolz Isd " fm. uBsdz” d3j dz Y Ols O

CGjJBotcOWdwdzr Yy &BbHJjdedj Isls’ YOdzr f sOfmIsT tolzr
tc E dz' Otcls' sdzr W WhkdS ydqw dzOter CltH j dzj dzj
BiwWwejtelskzdzg dz " jCIsj dzagj 2, tybkhr d&zOtH"™ W EL
Y "toQ@2od@O dzlzr Isd' . [ykdzr Yy Otyr dzr tykzhr ¢
EL-EdZ B' dz" BHjdzgH " tcz Yy Ddzj hr DOtdRON T dzr v ts%

sOdzHOEZ dgjce' ' L"''dzgj H0OLOYyMlsOdz t j M ke dzd M
"IsCjdz colsOB"tcOe BOMY OMr dzgOGdz 2019 %'
Cso, ¢.)] [ceBtddzO, ¢. ¢. vind € &p ,dz" 4f .Y JIO.
OdzoOdz ¢HOOLOYMISOdz 6 BetcOWdwmr e Ykd
OHT 3 D dzj G jBotOWdw f D dz' BS2 " dzh O
r'toj BOgtclszDO B ODM IslsOdzDOdz. [ dz [rf14a Ist
dzr ylsr v J & BEM dd@ dz HJ Is©OdzH OHY VY,
dets 3deC O tyOW dwW dz" ¥ BEdZ 36y OkzHOter dzur .
dzh ° BEdZ dgHJ 32, Odz j &' dgh BE dZ' d3H §
rdzOdz Okzyr d3Hr, MOY Odz' ¥ cteOWdE Odzr Y YD
H' Y Is OdzD O dz.

f OL d3" dzH OO’ sOYy " tor fIsOts d3j dzdzj € jIsls' €
Y"tcOMiIsT tyodi Odalzj CIsj GJBcteOWdwmr Cktemr
d3p M dzj dzj tcH YOXRISdHT . 1. 1. vind ¢ tse, o . 1.
OQolststcdz” OF d3j dz DOy | KR OdzO&DOdz ¢ HDOL OY f
syYkzdz or hr dzO@2 CitscteOWdwdz Y B' dz dsdzj dz
Hj 2" ' dz¢' B' tor wDO2 BODM Isls® y"tr dzO0 Odzg, B "
HJ?2 d@' B ' tcr WDODO2 BODMISIsO yY"tr dzDOdz, B" dz
YOdzr f sOfgs™dsgezo®* € BjtedH [ 3].

[YEkd YIsT W dzjicB 'LdE ' dzH] HEJ Vi@ tc OH ¢ id3Og O ckGD fny
B' dzlz' Cdted e, DOy j'cde'L 66 J t©F wwjdsv dzr y Is ™
sOBJODOIs LOWHOt" dz, {1 CtsdesizddS Odz' Y B O2 dzOdz"
LOUH' dz" YIsOt" dz Isnfm" dzgkejy n2tcjlskz. [Ykzdz vV
MisOdzH OtclsIs Ote Bts2 ' dzh O dzbIsdy J dzj .G | Y 52
Y OdzZODOIIsOdzH " tcOH" . [YEdzr vy jdz " dgr i 4 OMOL

53+

TN =

XX W -F<XHQEOCw
COFAN"T GO

(ONO)
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a m '( (A_gm\ZUGh

B3j IsOf bzt QO HE ‘dDteH T BwBjWejtejn' ; MOdr fMisr te
BO2 dzOdz" MisOte d3jdz IsplzjdzH' dz' Slsjten' Odz Ylsc
BEd § Cetthmjlk, nQr BHOMIsT elzh ' dzr vV, ¢ 5 a3
Y OB ' dzjHSOsdi'tdsill Oty dz G jBcEteOWdwd v Hilded jls

Omr dzr f YO OtedzOdzDOdz ¢HOLOYMISOdz 6 5GLLOW
sjtstedWdz Y HJjWEJ2 dBjdz ypdaj G jHOEBSEdS Odz
Of f Ot OIsr dgj dz jtej Sh jozjdaj H' . [ dzgiwsyyzhis dazr o
SYEZDO N2tjlskzH' YlNLjGej OMrckzDo® BODI IO
GiBetOWdwadzr ¥ B' d dgBH j toH ' DOL Oy fls Odzdz’ W

Ddzj zd3j GtstzB dzd ¢ Odz' Y ¥ ODHO2 dzOte" d3j dz B O2 dzO
JYykdzr Y{f jdz OdzDOh -GYOdas inlizh 'CgrQtg wr wizH zOL Otcr dz
" d3r "My k6 ( BOL d3" dz" dz IsOdzH Oz, J v d3
stcdzOIskz) , sOf Mr e dBOdzOtd3j dz D dzJj d dzdzt Milstc O
OzHOtlkzODO BBAEOH' .

s to' M jHJ Qo lststc dzO e sykhr d&zOtEH"Otc BI®O H (

BJ dz¢ ' dzJ to, CEteMi S hIsjtc, O2HOttdzOtG, Y Otc’ {f Is
Oty " dzf sykhr dzOte CGJSetcOW vodg” dzHGYdHH © Py
BOOD' ISIsOQdzOH " . Jykda vyfjdz y"dk3" i OMOk ts
HiWwe]2dzjte' dzg dz swWwO2 N12dzimiun" . J[Jykd v{4dz
BS2r dzh © ptejSCjls Jjbkujdz BOMISOY, IsOf M ted
HOMBdH' .

] J BeteOW W O dzf &3 ted Is' dzH | Ddzj aqgdz" W Is |
sntedz" &z" 6" dz YOdz f sOfMmisr clzH O BOW" L HT tc E

St dzO Ok, SO d0d > O0DHO2 &OE®] &z tj Mzl O
02 BOY sOKGHOD' CjsctOl dw dd § s ds®d e dz' Yo daj H |
5OdzH O DO Hj2' d¢' S jwhr @y Yy Gh'OkdzOdzb Pz .

CjscLOVdwimreé ®©SYbkd Dr wHbDmltd sy’
" st dBOllsO YsdzHOdZEDOHO TWDO2d . 1 nd e
GOl jtedOdzr Bj dz  WDO2 dz EOY'™ IsSls @Y 3y "d v

Isj mndesdzse W dzOteH"™ B ' dz' @3 Bjtelz HNHJjte" M' dgj Jo©

Cdzj SIstetsdzHr v 6 MEteMmMIsOtcH " Isd " dzH " f O2H
HOd Ist f D dzG j HjGcjJdz Y LTOEhr dzn OF dz2 Ofe
Bodz" BBy slsjte BBy dz L Jjtelsjbkzdzj oG YiBdzY jIs® d3H "«
Y O0 " daiz Ols s’ Y OMOdzD Odz. ¢ P eke @ d dif dyL d & ©d
YO®RBIsdH dzH " W ] MzteMlsOter ~Odz''y fjdz jJwsj
Ddzj 3yl ¢ + CsdzszgE @@ f wdzr vy OmMYyJjCIs' dzj te,
CGJBotcOWdwY dzgjc' LHJ Tt sykzhrr zZOco©® 6 j sctcO
OtOMm" dzH OD ' ELOt® BO2&Odz Mmlisr Cetelkzac dz i
mr dz" fyO OQtecdzOdzDOdz ¢HDOLOYMIsOdz ¢ jBccOWd
C'tc" CIs" to' dzc jdz IslitcHj B Jtc' dzG j dz. 4 sdzf o34 dz
dzOVy Is' hjCOttOdzOte MOY Is OdzD O dz. Yk ®&BOIlsj tedC
Is* tc 3 D dzj E dz' sOB J0DO0OIs sBil jSCIs' dzj to' dz
Ddzj d3y SstzEd3d € Odz' y Y"B' dz@ MlsOteH™ W EL Ots
sSplzj dzH® dz' SIsjte’ dz Odzgr YISO2 OkzOIL" dzH ©O2 JjIs' ¢

295



Actual problems of modern scieng@026

DOL tSpdz'h " dzZOtH"™ W yYtsdzy s’ dgH® OYff OtcOIls Q¢
BOtodzr DT B' ftoHJ 2 Mmd dz° d3H ° BEdzO BJjted3] 2 H .
O dz" f3¢ftc O HOdz HDYOUWY OO tSY kZzdzr YIsOt’ dz B
Jted €hjdz' ¢ -iyodizitf vBQ dOOBRZOXZOOdz ¢ HOL Oy MlsOdz 6
MOEOIslsr IslitecH] CEt' d2 M IsOf y Odz.

] LH' Y s2MdizL YO0 OttdzOdzDOdz ¢ HD0OL Oy MisOdz

frfl14d >bDdz YOL " G B dz' &3 BJjtelz Is"yr ter d
YOkzOY BJjtoj H' , CdL Cjdzejdz BEMZ d3H' Isj tstc
BdljIs'"dz YJdIs' dzH 6" dzc j dz b OGCERPGCOd ¥ . OP
[ 6 sted d&zO, d. ¢. vimd< o O, 1. 1. 1 OB J dzso O
SOdzOB " dz2O0 MO2 MmM"teOdz My O dJ ByYybkdzry Y0MoO?2

1 O2HO®ZOdz" zDOdz DHJBdJjIslsj to

1 D0L OYinispfdlz B dzd € OM" dzH O B ' dZ' 3 B J telzH
20202 0 2 5 ' dzH Otc D O OQtedzOdzD Odze 3y dBBdzy S JIsls® €
tcj Mizitdoigldzy jIs' d3gH " dz' € twjydd&k : https:// nao.

2 r OUOtcls d&zZoDOdz d3OL d3" dzH OO Y Odzff T stols ©
YOdzf r OO0 d3 dzH J SIS MisOdzH Oic B s dz) [ IsZ] &Hs tedz ddH T
https://nao.kz/loader/fromorg/2/22

3 (etsteddzO ¢ . 1 ., 1ddeyj dzSts 5. s., Jddayd
l smMssydzse s s OL On Mis OdzO. 1 Of OHdzr 2 d 3] sfls
BOM" dz@ d3, EWH j dz' fipMEFdE pids'™ g™ @D @dzl 2Zsld GHS.O !

4 vimdStse 1. 1., (esteddzO ¢ . 1 ., vind S tse C
SOLORMsOdO. 9 ¢UxkOfish:: sEdR'5M0O0,8.2019.
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A os o eaxes oo
s T ]ls T 111 s _ "]
. O Ote
[OcdMmsiEOdespdz B S sH) 6BOBMEZHOUs OL 0O3MlsOdz jHO
Z dzd o j t6figdf Is3Cls) ‘@zls
M. $BH©COR &3O dzts 9 O
Mm d. C., HEBYjrdaslz B.jA.c5H)6PBMEZHOUs OL 03MisOdz § j H
Zz dzd o | 6 fizd Is3Clsj ‘@lzls

[ OY OdzOH O X Odzff r B ' dz QP HEOR & jdds-OdtdzdSdgiEMB j
OWfMr dgh©® Y jdz G jdgj teOlsster Y tsBOMr dz YL jGy
Y OtcOflsr.te" dg@Geds ls j Iz BOtr fjr dzH O Y s5B Odz" Y t
Bl BE ' dzgH ' Clsj to IsOdzn Odz" ff , sYkh'" &zOteHr W Is
nhilsOmMlsB @OPISOZDOdz Isd " d3H DH' Misjte " Mmr dg
DL ' Wdajjiac’ M dzhHj WdIdL SO, dBOIj ZOIsdS O, dda¥W s
OtcOMr dzH OO f DdzZOtcOdzr ¥ BO2 dzOdz" MisOte 1L j
L jtelslsjkzh' dz' € HOODH' dzOtc X D dzj ftcOCIsd ¢ Odz
Y sdzH Oter M J OlslsOdzoOdz. dwBsdz d3zj dz Y OlsOte X 5B (
EsSCHYplzg deblsdy Jdzjte’ dz SOdzH Oz YL ARNGHT ® B
Bjtok HHJjt M daj Jdze" LEH"' VW fjHOEtsed S Odz
dzb Isd ¥ j dzj te syYykhr dzOteH™ W IsOdg" d3H" vy B j dzfyj &
ybDdagj IsjrdzedCOdzr' Y MOkZOIIS" dzn OFr dz HOM IskzH O
Y BBOZOtGH™ W Isd' d3H' dz' ¢ dz S Etmjlsj H" .

st dz BNMEM] B8 dz' d3 B J tolz, YtsBOdZl' Y YT’ Is|

Njdz ¢jdzj eOtster , ddpyjdajtedz § B 2 o8, WL S

(jdz Gjdzj cOBlorOUPEEOIROIST dz 1 dzgj s d™ G E
dzj ' LHjdzG jdz Isd' d3H STEM ) tBO&OtH' W B
L dzj e dwir dzr w WdL S Odz' ¥y IsOB JdODOIsT dg, ts dz'
L dgj eedw i dzO Islitedzj dzgz L OWHT dzf YIsOter dz Ispy
Y Ols Otasy zh ' dzOte dzOY IsT Y "ter dzor BtsH j dz' dz y "
s2 dz0k, jMjtdlsjkz, IOkZHOE ybpdaj  SMY jted d3j dak

1 "dz BEdZ dBH § nfr dzf zZoOdz DH' Misj d3j dz' € l
YOIlsr Mz d&zO, ELH ¢' dgjdz B' dz' &3 Odzlz" dzO 3 D
Y SdzH Odzlz™ dzO0 B OO’ Isls ©dzD O da. Htsdzr d3gj dz Y OlsOte,
sykzhrr dz=OtcH©® 1 dzgj tecdw ldzgj BHjEZ, 1 CBBdSEdWw dzr
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Actual problems of modern scieng@026

qHj Y d&zOter kktOd |kify' & ¢ YOk §lsOMOHT .
&' fy Ok d&zr v STEM B' & 8 BjtkH' W Isd' &gH' d
SYrlskHr f©wOSCkdCOd ¥ IS"©D" HO lsjtejWH]lskd

1. H' Misj d3gj dz' ¢ dzu fn 3 Odgjde IS]lsr © 3 QEFLHSA0 Isdz
GJjdzj tOIststcr Y BOMr dz Y242 IsliteHj "27 dgH Of
CjLjudz v &BOL B "dz" dz Oh iz 3 pdzgj ts dz' Isd® d3H ’
1"MyoOkzdzr YISO Y tsBOdZr W HBOYMOIST dz Odz' YISOEH (
s m' dzH * iz, JMiflsj te hr D0Otlz, Y "t dzO' dg
ianu’Jth{dydzls YlIted' Lk 3 D dzj Odz" dz0 Odz dzl
YOOMmIsr g dzOH '

2 . UJlsth[Wdzfa dzj. G  LHJt dz IstfMm" dzH' t6kz

1"z SJLJWVWH] YJdz 6jdgj eOlstste’ dzr w " d3r M
L OUHOt &jdz h OBBOdzOt Oty r dzf B' tols"IsOMm X II;
Yddz Ldzgjteedwimr dzn w Yy OdzO?2 fO2HO BB ),
Ldgj eddW mr dzO Yy OdzO2C jlsLiljteeez jddgjde * ddg’ viE jStg jLHj‘W.

bdzHT diZjdz Y jJdzH ' W I[sOBJdODOIsYT Yy ty 10@dylist lc® @zO
ModzH YIsOdz sz Sddgj sdSOdzr vy {1 dzgjteedwoO dj
Cddzifm' Eeteded S Jdz Odg" YISOdZOH T :

E:Em\f (1)
2

d3" dzH OO O BOMMOMYrdz NV dzH OABH ' D' . I ndz Wt
N'" dzH OdgH T DT Otlsy Odz MO2" dz 1 dzj eedvde W Isj
dzj O" tedzr d3 3" dzH O3 B 5 dAd) ®.¢c Iy s WAz AX'Od3 B SSEHAPH ™ .
rjodz O0Dr dz YOdzOYh OdzOtcDO® DbDfMjte JjIs' f, ts
'dZr i OlYyOLOHT . rrv"dgr M "ordgr Cjdzjm' Wtstec

X

A=Fs (2)

3" dzH OOC I IFi BB dz Ok MisT ez . I "dz YyJtH] Y J d
Cuh’" YHa WOdEjdzOf, { dzjtecdwde W o3 -~ Odzd € Odzr
dIsjiH" .

DOXzOY @B IZOOdz ¢ j L HJ 02 dzO dzdz3 O dz' YLD
YSLOOddMfl©IslsOz 1nuh ' dz B"ter hilsry yr dzHOMHT Y
ybpdzgj B"trhilsry 3yr dzHOBH™ ¥ OtOMmr dzh ©O0Dr B O2C

v=wR (3)
B"dZH OB hisr Yy X' ddHOEIsItSl , t@®H JEzMm" . C O dzd

BOD'" slsOD" ytsLDOdz fMr 02dz0dzz Yy L O0DOdzr Mr dzO
2 dZOZBOdzZr YBLODOMdZ i CjL " dH] YN2J djrO

E=21w (4)
2
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~o h. ™. a "~ ~ a m'A_gZO‘26h

3" dzH O dzd eydw dBBtsd3zj dzlsé j dzjl e @l sited2jOe GBdjvte * dzj |
1L dzj Clste L dzgj ecdwm" dzO Isihtedzj dzj H " .

sddzi ' BOWTYLHOIS.TeojlalgEls &z B ' 6 ZOYTriIs N
N d3E dzh j e

o A (5)
t

rddz ¢6jdzgj cOIstste” dzgH ©® Y EOIslsr  J ¢ IsintcH j Y
Y 2O dzf ttsRisdc@dzqpt Odzr v Y EOIsT .
b2 d2OdzdzOdzr yn24 uh*'dz vyeolk Cjdzjm' IslltcH

P=Mw (6)
B dzH OV O MOz Bsdzj dzls® . 1 "z Wistediz dzO toBslsts
Y¥Ddzad YOdzHO2 X' &zZHOMBHT Y j dz O2 dzOdzr f Is" tcDOC

rjdz tdzjtecdwimr o dr W dzji e g oY Vi@ IO s s O 3@
" Stz ZOd3j dz Odz' Y IsOOH T

P:%rAv3 (7)

d3" dzH OIDOEZ Qdzr W IsT DFtewmls O , ORAY Pdz" " dzH OdZH ™ O
Wistedsz dzOH Odz j W GOV pBOIs Y¥sjedzls ™ dzizH OdZH ™ D7

spkzjdH', wOoded XJdz OLHOYf Cuhj2Mmji wHJI, 1 daj
r jdo j dzj cOlstster dgH © Odzf dgDOdz { dzj e W Is t
X" BMOdzdiz02 H T . Cdzgj cedwdzr w B'tc BEWM G 12
hr Oor dzH OtcDO CjlIsjH" . [ Mmr der mMdyf Olsls Oz Inh
Jdzeg " L dzj H" O
p=Froan (8)
)

Is ts dz"

3" dzH OQiUS d '‘ddzH * dz' €. dgp'ddz hpGey@az @z M B S dzOHT .
ssdyr i3 &z WMOlEOH, Hjwej2 dzgH] YOO O2r o
Els' dzjyjdz " dzZHOBH " O Olsy Odz MO2AT" dz Yy OdzOY
EMjHOdkZ B"dz G jdzgj tcOIststec EdzH " tojIs' dz C jtedzj 2 ¢«
[ M dzO2h O, B"dz CJLJjWH] Bykhr &zOte ¥y j dz
stsdz" ¥ WdLdGOdz' Y dzj ¢ L' dz knfm" dz ¢, dzd G
BO2dzOdz Mr dz Gz wejtejH' . 1 "dz B' d2" dig € j dzi iy’
YHtee' Lz uh" " d yoyjisis' Isj stcdwdz'' Y BOLO BfC
3. vO3rtrf Bs2r.dzh O jMmif hrqgotk
I"dz CjLJWH]J sykhr dzOte Isjtstedwdzr Yy BE dz
"Dr BH Ote BBy &z W sted3z ZO dzOtGH T ftcOCIsd S Odzr y

C
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(Mdtf hHr" OOtlkz BOW' M dzHO yYykzh" ZOte N Jjdz H°
OQ2dz0dzz Y BLOOd Bhntoozpdely ' | @p@Gd eizH OO B O dzC
Oty " dz@ GCEtGJH . uwtsdy dzgjdz YyOIsOte, B"dz CJLJ
Edzh jedj tedz’" CIsjte’ dz Isltedzj dzv * telz, iMmMitdisjkz dz
OO dzOMr dz s’ dgH ' tclz HOODHT dzZOtr dz Y Odzr f IsOf

bdzH i3j &z BYy kM &zZOtcD O YOtcOf O27 3 HJj WG J
[T MmMOdz , NJd dzH " W Cddzj Isd ¢ Odz' y 1 dzj e dw mr dz
Y BdzH Odz" dzOHT

E:%mf
[T MOdz |, BZOMMOMT 2 ¢G6 0OkzO OOr dzf 5 o/

[dzHO ©Bdr W SddzjlsdCOd v dgjtecdwmr :
1 o
E=2 DFO 25

1 vdz Pigy g dzr sykhr dzOtc 3 jdzH" W Y tSL DOz fny
" dZHOBHT ¥V Otlsy Odz MO2r dz + dgj eddWw d3e dzh j to' ©
sddzjfm® iMmiflsjteny y"d@3" i "Or d&3* Y OteOMmls’
Cuhgjde nfmjte JjlIs' {, sdzr 0,5 d3 yOhrylsryyo

A=Fs
A=10 05 5

[ mr ijMmMitd Oty dzr NJdzH' W Y OdkzOYh OdzOteD O
Olsy OtcOIsr dzgr Islifp' dgH "' to' dzj H ' .

[HOdz €2 " dz YEOLYO BO2dOd fMisr jMmjflsjte
20 1y y"d&F M yOMOY, d' 4 MjCkdHlO st dzt

P:é
t

p=2 5 &
4

I"dz BT ZzOtcDO YEOIkrw EZOY"'Ils B' todz G
Bl d3C " dgH € Bjtoj H' .

rjgdz 6jdzj cOlstster dz" W Isjstedwdzry YEOIsr dz
BJto' dzj H' . [T MOdz , Oz oY ekt LOHZHTIDHZ] dz,O:
YT &ZHOBH O 4 B/ i BsSdZOOdEZH O y jdz OO dzf dz' v

p=1,av
2

P:% D2 06 4
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P=0,3& 19,2 I

I"dz jMmjyf Oty dz ybkhr &zOte 3 j dz 3 dzH O d3H
Cnhis® bpMmjte jlilsjls’" dz' dz BO2YO2H" .

d2dZOZzBZOdzZr YBLODOMZ MYO BO2 &ZOdz flst y OO
teslstste OHdbEMT 0, 2 d&, Odz B" " hIsryyo dzydzHIO
nhrodgipwL T ylsty 3" dzHOBBH'T OF

v=wR
v=10 2 2R/f

1Tvdz ygMmgf 02 dz0 dzlz Y BLOOdz fMyr d3d dz M L
BO2 dOdz Misr Isiifm' dgH' czcj CEBR] SIsjiMmjH" .

4 5SdzHG@Y2  O2 H Odz pfMdtec CL WWdydJ dzls' dzj
Yy OcOflsr e qz@Hi'ts XY jdz OO dz" dzOzlz GAglrr dzDb | dz O
Gjdzgj cOlssteHT W f O2HOdZ YEOIT 15 1l Btdzho,

h:PgOQH(
P

Is ts dz"

/7:£3 0,3 30%
50

| i § deOYIlsr y'"t' &ZOT HO L dzj e dVdg
d H

JYH] JfMiflkjtH' B'tls' dHjtf CItH
Wstod3dz d&zO 3] dz N 'Yy OD@&EOY Q@OMsidflis | ¢ St dzgH O dzOH T,
h O30 dz’ MOdzr Misr tlz0D O OtsdzO dzD O dz, Mswr dzH O
dzj 6" LHjdejdz jMmitdlsjte BJjtc' dzj H' :Is] flzr MOjdeis/, M
Otclsy OdzH O YOIl v Y OdzO?2 ELGJWjls" d2' dz
sYkh '™ &zOteH"™ W IsOdzHOEZ YOB ' dzjls' dz HO ISOHT .

dtsdzr d3gj dz B ' t6Gj , dmit hr DOtk BOtr Mr dar
MOY lsOdzOH T jMmMitd N Otlsr B"YdqWls tsyr dzOW®r
Cjdzls' o dzj v"' , YO) jsls' Wistedidz dzO ISOWH OdzOH T
YOO Isr W WdLdS Oodz Y 3OO0 dzOMmr Isin fn' dzH ' tc

sykzhr d&zOtcHr W Isj ¢ dBOIsj 3OIsdSC Odzr v jMmMitlsjk
HO YOdz fIlsOfmisr cOHT .

[Mr &zG2h O, uh " dgh* CjLjWH] JMmjtd "r ootk
ftoddeydf ' dz MOdgHT vy Is"tcD" HOdz Isuif' dzzej Il d
B' dz' d3H ' spy "  tedBj &2 € HBOLB" dedzjdz B4 S Is' {,
Bjdze 1 S jtoddsj dals Y lited' Lizegj HO2T dzHT ¥ 3 OfC

4. IntcOdzH Ote d3j dz BOIsj tcd OdzH OteH™ HO2 T dzH

1"z CJLJWH] YJjdz 6Jjdzgj eOIstste’ dz' W d3tsH j dz'
Y"tcOdzH Otc d3j dz 3ZOIs j e OdzH Otc OdzH '™ dz OdzO Odz
rtsBOdzr w MmMbplslis’ st dzH O dzlz T sfr CdLjvwds v
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BO2 d&zOdz" Mmlisr , MmMiBJB' YO) jIsls® Cdif sdzj dzlsis
BsHJdz H' W "M "Misjkz MOYOM" O bpMmjte jlisg

GbdzHT dgjdz Y "t dzO" dzg" W dzj G ' L G BEdd Clsj tc
BsHjdz' dz Y OMOE nh'" dz ¢jdzjm' dzi 6" L G 1 dzj
02 dzO dzdz3© dzr B' dz' ¢, 1L dzj Clste G j dzj cOIstste’ (hC
ModatOP2 1 dzj SIste L dzgjtcedwimr dz s' € jkey OtedzOdz
BJjte' ¢ ®BOIjtedOdzH Odz ( §f dzOMmiIsd ¢ ¢ Otcls ts dz, W C
QD Oh sOwyh O dzj d3zd M4 B sOdzdz EL j§& Y tsdzH Oc
s"tcOYIsT Ists¢ yYBLOOdZIY" hr (DC dtslstste) f O2+
1 dzj SIstc IstsGr dz EdzH " t6j Od&ZzOHT .

Dt dg§Gds j to OdzH Ote tojIs' dzHj Mmr d3H Ots, ¥ Ot

(YO)jls BtsdzDOdz Y OODHO2HO), yjdz' &3, dL tsdzj dazl
mMe tslsy) Y sdzH Odz" dzOH T . I "dz 1 dzj 3§ delslsjtc 1 dz
BEd" jSCIsjtc' dz B t6' CIs" telzdj BwBUBE dzH" & B toj +

DU icOdHDOt” dzO y @2 h 1 | frhoy (SCOdzy] dzw

YOtc" dpj®Odzj YOYJjls BsdzZDOdz Y ODHO2HO yjdz' o
BEMdh jCIsjtcH' HO2" dzH Ok Yy bpdgj Y"tOMmIsr oz X " ¢
dsdzr 3 dz YOO, SMfjtdddls NNtwe' L6

HO2T" dzgH OdzOHT . [ ZOtD O Odzj BB Iste (4 dz X' dzi
(SJtodzi 2 g dz IstsC st Edzh jz nh' dg , IsOr tsd3j
Y OlsOHT . [GJte OtdzO2 Y "tcOdzH Ot B 5dzdzO MO,

dzj BBj Ny O2 Ok Y d' &z ¢ dz MOLOE Mdwylr Y Ot

Iz SJLjJWH] YOER' UM  LH'C jtejxjdzjte' dzj
EISSY etcOdzh Oted3j dz " ' i ' fMsjejdzHj OBO2 BE
YrMBO2Ar YIsOdzZZDO X s5dzO0B J§ % d3dda j Is ItshdeH @ &34 M J
YY" M SjL ' dH] YO Yf'L OtOYOhrylry MmO
OdzOH T .

[SHjd& YY" "teOfmisr e ftesyjMm dHj YkEh T dC
fteddzydf dz Isnfm dz'f yoOodzO Y2 BO2 sdzf v
Y OcOfpls.r cPH MOdz Y OzOY M OdzOtcH™ W " h ' dg' dz
Ylsr CE
A

H
Otlsls™ ok dzj d3j Mj Mmn2r &j & dz EL G telst

sykzhr dzOteHr w L jtolslsjkzh' dz' € HODH'™ dzOte™ dz H (
YOB'" #HOBE dzj Islsjte’ dz YOdzr f sOMmIsr tz0DO " yYy{§f Odz |
5. gunter d&zdr dzr 6 M LBOM" d2 Yy OMOE
r

I"dz €jLjJWH] YkEb Jd&z 6 dzj cOIstster
M OtedzOf, Bdzr W Y OteOf O27 &3 Isj n dideStaidd hyo vy
Y "ter dzO¢ yAas yf Otcr € BdzZ' ff IsOB'" dzOH ' mMtsdzH " Y |
s’ &i3H* Y "OMISr kDO dzj 6L BBA&OHT .

bdzH" d3j dz Y " tdzjdeOrLde W BE Mz ClIsj tof Odz" Y IsO
sStcdzO zO Mz’ BJ dzG ' dzj dzj H " . rddz c6jdzgj cOlsster
1 dzj d3j dzlslsjtcH jdz Is"tcOH'™ : Y OdzOYh OdzOte ( totsistst
Bskste) , ' tj¢ (COtLEOM) ybpdzgy L dzj Cilste Is' L&
BEd ClsjmHicwd3pdztey OdzO2 B O2 dzOdz" MOIs™ dz" dz M L
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Kanakwanap

Ken = AMHaﬂMaﬂbl 6inlk

XXapbikgmop
(LED wam)

o AnekTp Tisberi
Tipex~ - MexaHMKanbm

~ 3Heprus (ariHany)
dztojlls r jdz 6 jdzgj cOlstster dz@ 6 Mmu dze

4" LBOHO fwslststcH" W StedzOdzOMmEz? Yy Dday tSd

Cetomj s’ dzlz'* Isd" M. 1" d2' € G4 dzy BODB B zGf 'CHp 6
L dgj eedwVv i dzO Islitcdzj dzH® toj H ' . wtsdz” d3j dz Y Ols «
YOt YHdBHY O (daj d3j My BOMYO Is"liIsr dzgzh v D O)
L dzj SIste Is''LBjG  d2 W YOO O d3 Mad ©3OM" dz CE
4" LBO YOMOE BOt M dzhH © sy khr dzOtce E dzh
DOdZOY " OdzZ®OtcH dziwr DT totsls tste HJ O Iste’ Is * t
BJ dzc ' dzj dzj H ' . Il "dz BBSHjdz H' W Is"tcOYVYIsr dzf O

JIsdH' . DOOY O2" d@3 ftesf steydww dzOte MOY IsOdzlz’
Otclsy Odz MO dz O2 dzOdzz diIsdzj dzls® Otclslzr d3ll &3¢

4" LBO yYyBdzd3jdz dzgj &3d My ydWwtedz vy YyY"wOdzH O
CteOW & Odzr Yy BODHOtcdzOBBOdzOtcH O) tstd " fgzH 1ORAD T
snfm" d S, BJ & dj dcjdz ¥Ddzgy BOtdz' ¥ dzj G
ceBBEBd ¢ OBOEZAjdz BJ d&ZG ' dzj dz' ¢ , YOy Jdls Btsd
BJt' dzjH" .

dtsdz" d@3j dz Y OlsOts, B"dz CjLJWH] ykhr &zOte
mM"LBO Oy’ dz Isinfm" dH' tckzc J IsT ter MOHT : N Jd
Y SLOOWOG j dzj cOIstste " i " Mlsj2u’ Y 1 dzj Clst
BO2dzOdzr f M" LBOHO BODM sKlsOkhr Mmiste] dzC OdzOte

6. [ tSHJd H. SnteOMmils’ tlz

I"dz CjJLjWH] ®YEZMNr dzOtc OdzHT dz OdzO » OMO«
GJ dz] 6OIstste” BsH jd&z' &z spy " tedBjd&Z2' & IsintH] Y
Dtej C PBEPAz §, WBYER" &zuOtxzwhn " Misjkz fteddaydy’
YNNLdgGed Omr eOH' .

bdzH" d3j dz Yy " ter dz0' dzf W  dzjSGj LLjcY ' dy Halz' & lstg ‘te
1t tet dgh CdLjCls] twlststc (Y OdzOYh OdzOte) HO:
DORzOYh OOtsH |V B " ter N j dz ©Otzde@dz@ by rOdeQ IsdzO L,
02 d&OzZEH T W IsS"tcOY Isr dzf O 34 dz Isd " d3H ' d&z' ¢ '
GJjdzj cOIststcDO (h O0" dz dBIststcD O) Y OdzD OdzOH "
E?2IsCQRddzOdzz Y SL ODOdzr M HDd&z s N jte Oty '’ dzf
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sddzjmM" YOHOMBHO Gjdzgj cOlste Is' 6 $¢J td
s"tcOYIsT dz@ Or dz YORBISOBOMr L jbkz' Cjtj s, Mt
Bsdzz" dzO GCEW' dz BEWZ dgJH' . DHDO)JjlIs Bd&zZDOdz ¥

dzr 002IsT d&zOH " .

[JHOdz Cj2" &z 1 dzjCIste Is'" LBJ G Y"teOMmisr tor
fnr d3H Ote Oty r dzf Y Oter YHdJBHY O (LED h OdDO)
BOWT LHT H"ter i yYytsmr ZzDOdz Y ODHO2HO YOz
Y OdzOH T . [Gjte NPOdE X OdzB OMO, fMr d3H OtcH ™ W
Okzr M er f Cettkze] BGAOHT .

D1 tgOfMmise Gtlzr M dzv O syYykzhr dzOts B' todzj h J as
HOOH' dzOtGH &34 WG Jtoj H' BEQ" JCIsj toH ' HDdz
HlltGrfr] YIItGIZ )lDdZJ YIItGI’dz'DI’er\JJ >1"d3rff]Yo )10
YOlsOttsdzOte y " ter dzO" dzf W Dt 1 dzj d3j dzls' dz' w yr L

[BHjd H' Y 'wOfisr 2 OWYlsOd&DOddzOdz € j
YOB' dzj lspCfpj " dzju' . [rmOd, NjdHjlsc'h
Y OdzOY h O@Dde@czH ™ 67 § CEtk "Mmr dZF &ZOH' . [ &J

"Misimd, YOt YHdBSHIST W Yy Odzgzr Oteyr dzf 1 dzj tec

Iz CjLJWwH] Isj stedw B3d dz ftcOCIsdCO Is
Ldzj cedwvirdz? W 3 mOdzd COdzr' Y yYyBLODOWZ My O, C
02 dzOdzOIs" dzf dz dzOY Is* CEt H' . wtsdzr d3j dz Y Ols (
¥Ddzj "Y' flsr dzZ Y HOODH'" dzOte" dz HOMZ IsOH T .

7. CCMyf jteddg dzls Y ttee' L Iz

I"dz CjLjVwH] Y"tOMISr g dzDOdz 3 J dz G § dzj t
spy " tedB 4 YlL" " dzH ] Isj ¢Mmj e’ dz' zOy IsT E dz!
Isj stedwdzr' Yy IsliteHJ YOtOMIsr 6 dzDOdz L OWH' dz' Y
OMOIs" dz" dz Odz" YIsOk Y bpDdzgj Odzr dzgDOdz dzbIsdy J dzj t
dpdzHr d@gj dz Ispy " tedBj Yltee' Lk hOtlslsOte’ (
JAZHjIsC " dzj B3I My 1OBdOd yJjdz f O2HOzOdz dzl
ter &zDO tstdzOlsr dzr Y OdzOY " OdzOteH"™ W  j € " d
Cmy J tod d34 dzls BOtr M" dzH ©® Y jdz " dzHOdZH T D' d
B3r MOdzr , YJjdHJIEC" hIs" w ptelsitcdz tojyddgH |t
pdzh pOtEr " dzH © € § dzj M dzj ¢ L G h O30 dzO te
a3/ M) , tcslssteHT W O02dz20dkz Y d' d&z' 6° ( ©2 dz/ d3q
) . E)O>|Jls BtsSdzDOdz Y ODHO2HO Ists¢ Ch H J
hylztGOdZHOth tejIs' dghj Odz] B3y Iste, IsOn s3] |
Jto OtdzO2r Y"teOdzH Ote B tsSdzZOMO, 0O dzOdzlz
ZH OBHT O dz h OtelslsT Hjwej2dzjtedsi dz ( IsE d&3j dz,
dzH Odz" d&zOH T
CCMmf jteddsd dzls B  tedzj "j tedls yYORIs0dzOdz ¢,
dzr dzDOdz debIsdy J dzjte MOdzr MIsr ter &ZOH " . Ctc E
Jdzg "L " dzjH' . [rMmOdz, Ciflsy CjdzjMm" IslteH ]
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sd ey CCMYjteddsjdals dzplsdy j dzj te°

) rddz 3r dzH Od3H | ¢ 2 dzOdflz dz' ¢ ' ( Sdtodzi Iz
1 2 120 1,2
2 3 180 2,1
3 4 250 3,5

Ivdz Bpd Bjlklsjte OLY' dr sykhr &zOte 3 j d ¥
' & ¢' ®’jd CjtedajzH'w EMjls' dz dz BOY' zO2+
utsdr Bjdz YOlOt, Odr &ZzoOdz HjtejCljt daj

yltee'Lkej BBSERZOHT . [T MOd , jcejt ¢ Cnh’
P=UI
W st 3z dzOMmr Y sdzH Odz" dzOH ™ . 1"z spy " ted B J
BO2 &zOdz" Mism cz0DO BN ABE dzH € BjtejH' .
CCMmMf jtcdd3d dzls B Ot Mr dzHO Yy k"M " &ZOte B OY "
yDdzy MOz MiIs™ ez HOODH' ZO" dz dZg WG JteJH . di
CELHJ (4 dz s"teOY M LHT DT Y"tOdz HD

Odz" f sOMOHT

8. 1 plsdyjdzj toH" IsOdzH Oz

I"dz CSjLjVYH 1 €My j ted d3j dzls BOtr " dzH O
NI 2Jdzj dgj H' ypDdagj WIdLdCOdzr' Yy LOWHT dz@ YIsOted
adzH" d3y dz B Otcdz" Y Edzh j2 deblsdy j dzj tc Excel
st dznj tbpDfMm' d3H J dzj H ' .

Excel CiMmisjm" daj Nddz X" dzZHOMHT OT 02
hr DOQOtOIsr dz Cjtodzjlz di3pdzH j to jdzeg " L' dzj H " .
sS"tcO" L " d&zOH T . ¢ lsOf O21Ilsy OdzH O, NJd dz X' dzH C
splzj dzH " dz2' € c@OWYLd, )y MidB®R 0r dj dz 02 dzO0d
BO2dzOdzr il ctcOW g Y "ter dzOH T . J OV dCIsj toH
CeteMmMjlslkej Ypdzgy hOBOZOt OttOM’ dzH OO" L OWH!
BJtd H'

[Ddz' d3j Islsj toH ' 1 dzj CSlstetsdzgH ™ Y s tcH j EWHJ
dzpIsdy j dzj teH® MOdzr Misr clzHr Y JW' dzHjIsj H'

—<

A B C
1 | Men mbingamapifbl (m/c) Alnany suinin (atin/mun) Keprey (B)
2 2 120 1,2
3 3 180 2,1
4 4 250 3,5
5 5 320 5

wztc j2Is Mi crosoft Excel BOUH Otc zO RO Tr
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KepHey (B)
N w w S ~ v
wn o W o wn o
1 L

¥
o
1

!
[¥,]
|

T T T T T T T
2.0 2.5 3.0 3.5 4.0 45 5.0
Xen xblngamapifsl (M/c)

b tcj3ls r jdz 3" dzH OdgH T Gits O iyl e @Y s dmi @2 &z

U"teDr LT &zZDOdz GctcOWJSCIsj toH ’ sOdzH Ok B Oter
MO dz 02 dzOdz Y d'  dz' 6" dz2' W ybpdaed S Jjtedzj zH "\
Isj stedwdzr ¥ I"yrter 3HOdBj dz Mp2C¢jMm C4dzgH" ,
GJjdzj tOIststcH ™ W EdzH " tojIs' dz 1 dgj e dwmr HO
spkzjdzH' dz' SIs' W Issdz"' Yy Mmrorylry Blsdzd3®sz Is
Olkz

O ¢jHjte' M', GJjdzjtcOBGH" W Isd' dgH ' dz' )
E)G))|§;iSdZDOdZ, Y ODHO2HO Excel BODHOtGde)d3®fn
Ylhtee' L' dzjH" . ,[rfr]Odzf, Cjtodzgj 2 g dz ¢ 3

imMitilsjd f, spy " tedB jdz' € deplsdyjdzjtc Isjtstcd
BylzhfdzOtQD(D MOdzH"™ ¥ IsOdzHOEZ YlUltec' Lz HOOH
B4 tojH

H'[Sdzr &3 dz Y OlsOts, IsOdzH O B Oter M dzZH O Yy Ols
NJddz Yr dzHOdgH T OF dg" W s tcOYMr LHT OF Edzh J Iz
BsHjdz H' W CtdmstczSydwdzr y JjtojChjdz Clsj te°
dzbIsdy j dzj cH' W Okzrlsykzr dzO bpfMmjte jlkz' d3ll &3 «

9. gfster Isr dzgH Y OMOEZ Y pdzj SOk

I "@zj L JWH] YJdz 6] dz] cOIstster ytsBOMr B2
Y ster Isr dzH,! d&z®gzelzf r dzOtc E L Y " d3r MisOter dz s Odz f
Y BteOO2 /G LEYItOYMOds jdz L jtolslsjlz dzpilsdy J «
s stedwdzd dz Mp2CjMmMls'" ¢' dz Hpodzj zH j 2 Y Ddzj X SE

padzH" Bjdz  SMYJjteddjdels deplsdyjdzjte” daj ¢
[ykhrr d&zOtc y jdz YY" dzHOMH T O Otelsy ©Odz MO2r dz C
E dzH ' to jClsj'tadzj ZH ' W EfMd s’ d2' dz Odz" YISO2HT .

L OUH' dz' YIsOted3j dz MmMp2 ¢ Jj M CJgdzjH" , W O dzd

BinOdSOd vV 1dzjtecdv DO, HOdz bDto' 1dzjSls
Y OlsOtlspy " tedBjJHJ Odz@f dgDOdz debIsdy 4 dzj teH '™ W (
1 dzj tee v hror dzhH Ote’ d3j dz (Il?Q;dzfr] OIzO |

s f' dgH ' 6 dzj M
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Dister IsT dem’jH® G j dzj tOlstster BsH j dz' dz' W Is
hr dzOte Y "ter dzO" dg" W Otglsr yhr dzr ylsOter d3d
Oodz , YOO ©O27 d3 d3tHjdz' H' W OtcL Odz Dtc*
Jdz ypdzgj Mrtelsyr WOCIBttdzOtD O-O D H3fsdzy dz'
“dzH ' oz Y tsdzH Oter " odz" dzOH T Y OdzOy h ©
MOlskz, c¢JjdzjtcOlstste Isd' ddH' dz' ¢ dz Otclsils’ tok
s jdzj i CJLJWYH] sykzhr dzOte E L Y 5B OdzO e
Mr dzhH O dzOte Y BB OdZ W dBOY MOIsT dz, Y ts dzl
Isjlkz depIsdy J dzj t6' dz, Y"tOMmisr oz ftesyj M
| dz' ISl tcH | BOWOddzH O2 H T . Excel BODHOted
rLr dzoOdz ctcOWdSIsjte CeEtomjls’ dz' f, tsdzOtol
dzH " to* dzj H ' .

tsB Odz Y sStcDOkE CJL " dgH j sykzhr dzOts fpn

X X e

S0 O m ~=<

. TP e

'<(F&-3‘N’

=t -

B
A

sjkzdzjte6' &z HDdzj d&ZH J G ] Is™ t6f MOHT . 1 "dz {
JZ HODH'™ d&zOte" dz HOWM IszDO T yYy{fOdz JjIsjH
MisOter dz B ODOdZOY , Y OdzH O2 YJr dzH' YIsOts
Jdz' dz IsOdzH ©2 H T .

YEhT d&zOtcH" BODOdZOEZ CjdzijfMm' Ctdlsj ted?2 dzj
NSBOdZ W D" dzf d3d dzj 6" L H' d&z' ¢ ;

Yy " e OMisO fe@im " ;

1 CMYf jteddzgd dzlsls'* w H"ter Misr Or ;

-dzebIsdy jdzjteH® ISOdzHOEZ HJjWE] 2" ;

Y ste®B Ol " dzH OO0 s’ dzgH " tez Y DdzJ HDOz] &

[ &z02h O, Nddz 6jdz] cOIstster ytsB OMr Is ts dz
O dz" digf* tcO'" HO YtSter IsT dzH " dzOdz" {f sykhr dzOte
ftejLjdzsOydwdzr Y HODH'M dzOter Y Odzr f sOMOHT .
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