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Pedagogical Sciences

A Holistic Perception of the World Through
Integrated Approaches at the Primary Level

Shorena Tkemaladze
Ph.D. in Education / Doctor of Education, Akaki Tsereteli State University, Kutaisi, Georgia

Abstract

One of the paramount challenges of contemporary education is enabling students to perceive the
intrinsic connection between the classroom and the real world. This article explores the integrated
approach to a holistic perception of the world at the primary education level (Grades V-VI),
utilizing the interdisciplinary intersection of Science, "Our Georgia" (Social Studies), and Visual Arts.
Drawing upon the real-world context of Jean Giono's narrative, The Man Who Planted Trees, the
paper analyzes how the educational process transforms from delivering isolated facts into a vehicle
for developing sustainable thinking and active citizenship. The study details the core principles of
holistic teaching, including authenticity, inquiry-based learning, and constructivism in practice.
Furthermore, the paper differentiates between Project-Based Learning (PBL) and the holistic
worldview approach, offering practical recommendations and open-ended inquiry frameworks for
educators. The study concludes that engaging primary students in localized ecological action
fosters a profound sense of global citizenship and long-term socio-environmental responsibility.

Keywords
Integrated learning, holistic education, holistic worldview, interdisciplinarity, active citizenship,
sustainable development, primary education.

A major challenge in contemporary education is helping students perceive the connection
between the classroom and the real world—delivering information not in an abstract format, but
through everyday real-life scenarios, and placing the emphasis not merely on memorizing facts,
but on developing the skills essential for social and professional adaptation.
An integrated approach to a holistic perception of the world serves precisely to uncover this
connection. Rather than offering isolated facts, it presents the world as a unified system.
In this approach, our starting point is a real, complex phenomenon that offers a unique opportunity
to holistically investigate global-scale challenges at a local level, at the intersection of several
disciplines. A prime example of this is Jean Giono’s work, The Man Who Planted Trees. This real-
life context allows the learning process to transcend the boundaries of a single subject and enables
a complex analysis of the issue.
Key Question: How does the action of a single individual affect the well-being of the environment
and society?
e Subject: Science
v Target Concept: Organism, Living Environment
v Student Role: Explorer / Researcher
v" The student investigates: How does a tree breathe? Why does soil not wash away
where there are roots? Where does water come from in a dried-up riverbed? The
research process focuses on the interaction between the organism and the

environment.
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e Subject: Our Georgia (Social Studies)

v’ Target Concept: Society

v' Student Role: Active Citizen

v' The emphasis is on shaping the student as an active citizen. In this process, the
student transforms from a passive observer into a civic activist. The student
critically evaluates the impact of an individual's purposeful initiative on the
common social good. They analyze how a healthy environment creates new
opportunities for societal development, strengthens social bonds, and raises the
quality of life.

e Subject: Visual Arts

v’ Target Concept: Fine and Applied Arts
v Student Role: Creator and Visual Analyst
v In this process, art serves as a means of perceiving and documenting environmental
change. The student projects environmental change over time, capturing the
transformation of the landscape. They paint the evolution of a landscape from a
lifeless desert to a flourishing ecosystem. This is a path through which students
translate their emotional attitude toward the environment into a visual language.
Ultimately, they create a model or drawing of a future garden/park, visually
expressing their civic stance.
This approach ensures that students understand that society and the environment are
interdependent systems. Any positive action carried out at a local level—such as a greening
campaign—is a real practice of civic participation aimed at global environmental outcomes.
To ensure that the holistic teaching process is effective, it must be grounded in the following
principles:
1. Holism (Multifaceted Vision)
Show students the connection between nature and society. Ask the question: How did the forest
change the life of the village? (Explore economic, social, and emotional aspects). Here, we must
show children that nature helps humans physically survive.

e Fconomic Aspect: "How do you think, after Bouffier’s forest grew and the water returned,
why did people start coming back to the village? What were they able to do that was
impossible before in the desert?" (e.g., planting gardens, raising livestock, selling crops). A
forest means income and food. This easily brings the economic aspects to life.

e Social Aspect: Next, we explain to the children that a healthy environment improves
relationships between people. When the village was a desert, people were angry and fled;
when the forest appeared, people began to celebrate holidays together. Why and how does
a green environment bring people together? \Where nature thrives, society is happy and
people help one another.

e Emotional Aspect: This is particularly sensitive, as it touches the child's inner feelings. We
prompt students to reflect with the questions: How do you feel when standing on a sun-
scorched, dusty street? And how does your mood change when you listen to birds chirping
in the shade of a tree? What did Bouffier feel when he looked at the forest he had grown?
Nature gives us peace, joy, and hope that our labor has meaning. When we approach the
issue from these three angles, the student realizes that forest-soil-water-human is a single,
interconnected life cycle.

This is holism in practice. Its relevance lies in the fact that in the modern world, teaching isolated,
dry facts has lost its meaning—information is accessible to everyone. Our goal is to teach students
not just isolated subject matters, but a way of life and sustainable thinking. When a child sees the
connection between nature, economics, and social well-being, they acquire skills and
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competencies vital for real-world survival and civic coexistence, rather than just knowledge
required for a test grade.
Recommendations for Teachers to Activate Holistic and Integrated Learning

Principle ||Recommendation (What to do) ”Practical Example / Question
Learning through the Window .
g g Connect global-scale topics (such as the
. Amazon rainforests) to the local context.
Authenticity .
Ask the question: What does our school
Connect the problem to the
\ - yard need?
student's daily life.
How did a single person manage to turn a
desert into a forest?
Open-Ended Pose questions that provoke or
Questions discussion and reasoning.
What will happen if we do not plant trees
in our yard?
Learning about an ecosystem in the
school yard is more effective than in a
. book.
Take the lesson outside, where the
Place-Based .
. learning  phenomenon  actually
Learning exists
' (Why an ecosystem? It includes the soil
the children investigate, the forest, and
humans as part of this system).
Start the lesson with a student-centered
prompt:
L . e Stand first in the bright sun, then in the
Experiential Learning
shade of a school yard tree, and compare
the sensations. Why do you think it is
. \ . cooler in the shade of a tree than under
Inquiry &|Encourage students' curiosity so o
. . an artificial umbrella?
Discovery-Based |that  they  discover  answers
Learning themselves through direct
observation and discussion in the . o
. . e Do you think the air in our school yard
yard, rather than reading them in a .
would change if we had 100 trees here?
textbook.
e Look around: Why do we hear birds
chirping and insects buzzing only where
there are trees and bushes?
. . . |lGive students the opportunity to|Students take on the role of eco-
Constructivism in . .
Practice construct knowledge themselves|landscape designers. Working in groups,
through practical research. they first inspect the school vyard,
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‘Principle ||Recommendation (What to do) ”Practical Example / Question

measure the space, observe the sunny
and shady sides, and then jointly plan and
create a greening model or a landscape
sketch of the yard:

e Exactly where and what type of plants
(trees, flowers, bushes) should be planted
in the yard to restore the damaged
ecosystem?

e How can they create an ideal
environment for birds and beneficial

insects to return to the school yard?

Integrating subjects through the model of a holistic perception of the world allows us to raise not
only an informed student but also an active citizen who has the ability and desire to use their
knowledge to improve the environment. When a student investigates the local environment and
plans its revitalization—much like Elzéard Bouffier—they realize that environmental improvement
is the duty of every citizen, not just state institutions.

By observing real-world phenomena (e.g., deforestation), the student analyzes the decision-
making process. They learn that environmental responsibility is both collective and individual. The
student recognizes their own role in creating the common good, which is the foundation of a
democratic society.

A healthy environment is a fundamental human right. When taught through an integrated method,
the student sees the connection between an ecosystem and a dignified human life. Caring for
nature is perceived here as protecting the rights of others to clean air, water, and a healthy future.
This method directly aligns with the concept of global citizenship, where solving a local problem is
perceived as a contribution to planetary well-being.

While this type of teaching shares similarities with Project-Based Learning (PBL), Problem-Based
Learning, and Inquiry-Based Learning, the main difference is that the holistic perception approach
always maintains a global context and a mandatory interdisciplinary framework. The topic must be
a real-world issue or phenomenon, and students must apply multiple perspectives to study it. A
project focuses on solving a specific problem, whereas the holistic approach focuses on a deep,
multifaceted understanding of the phenomenon.
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Features HProject-Based Learning (PBL) HHoIistic Perception of the World ‘
A ifi ti bl
specinic ques. ON OF ProbIeMa +eal-world phenomenon, a complex issue.
that needs solving.
Starting Point (e.g., Climate change, migration, or bringing life
(e.g., Concrete task: How do we .
. ) back to a desert—how the environment changes
plant 100 saplings in the school )
humans and vice versa).
yard?)
Often confined within a single||Mandatory interdisciplinarity that dissolves
subject. subject barriers.
Disciplinary
Boundaries (e.q., Biology, focusing||(Simultaneously learning the foundations of
primarily on planting||multiple disciplines: biology, history, art, and
technology). civics).
Oriented toward creating a||Oriented toward a holisticc multifaceted
specific product. comprehension of the phenomenon.
Learning
Process
(e.qg., A green corner or a report|(Understanding how water, trees, humans, and
on planting methods). the village economy are intertwined).
Can be hypothetical I . :
an e' ypothetical or purely Authenticity and contextuality—always related
academic. .
to real time and space.
Context
(Students deS/gr') a planon (Going out into the yard, touching the soil, and
paper that might not be . . .
) researching a live community problem).
implemented).

For primary school students (Grades V-VI), Jean Giono's The Man Who Planted Trees remains one
of the most powerful works. This story/animation about a single individual who turned a desert
into a forest is ideal for this model of integrated learning, as it demonstrates how one citizen can
transform an entire ecosystem.

Theoretical knowledge acquired within formal education and values acquired through informal
means (care, civic responsibility, solidarity) merge into a single competence. The student realizes
that planting a single sapling in the school yard is a small but powerful step in the fight against
climate change. This is the path from a local initiative to global sustainability, which represents the
ultimate mission of modern education.

This approach shatters the myth that "/ am small and cannot change anything." Bouffier's story
proves that an individual's consistency brings about revolutionary change. This directly enhances
the child's self-esteem. Planting a flower in the school yard or initiating a community clean-up
campaign is no longer a chore for them, but a demonstration of their own agency. The student
learns patience—understanding that results do not appear instantly and that daily small steps are
what matter.

Teaching through the principle of a holistic perception of the world fosters the formation of the
student's value system. It urges students to look at the world not solely through personal interests,
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but to care for the entire living environment. This is the path toward active citizenship, where a
child internalizes their responsibility toward sustainable development and shared civic well-being.
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rRacecnipimaep apacbiHAa KUMbI-
KO3Fa/blC OenceHainiriHiH TomeHaeyi »xaHe
OHbIH, a/14bIH any »Xon4apbl

Kutapos [.)K.

OKpbITyWbl, M.BTemicoB aTbiHAafbl baTbiC Ka3aKkCTaH yHUBEPCUTETI
basapraes T.A.

OKpITyLWbl, MmarncTtp, M.BTemicoB aTbiHAafbl baTbiC Ka3aKcTaH YyHMBEPCUTETI

AHHOTauuA

Byn makanaga skacecnipimaep apacbiHAa KMMbIA-KO3FanbiC DenceHainiridid, TemeHaey maceneci
YKOHEe OHbIH afdblH any *Koaaapbl KapacTbipblaadpbl. Kasipri TaHda »KacecnipimaepaiH, oTbipbIKLL bl
OMIip CanTblH YCTaHybl, ragsKeTrepre Tayenaifiri sKaHe GU3MKablK KYKTEMEHiH »KeTicneywiniri
OeHcayNblKKa Kepi acepiH Turisyge. Makanaga KWMbIN-KO3fFanbic BenceHAainiriHiH TemeHaegy
cebenTepi TandaHbIn, OHbIH, anabiH anyabiH TUIMA[ *Konaapbl — oTOACkINbIK TopOMe, MeKTenTeri
[EHE LWLbIHBIKTbIPY cabaKTapblHbIH Pei, CanayaTTbl ©Mip CaNTbiH HACKXATTay *KIHE KOCbIMLLIA CNOPT
yipmenepiHiH MaHbl3bl FblbIMW TYPFblAaH Herizaeneai.

TyWiH ce3aep: *Kacecnipim, KMMblI-Ko3fanblic b6enceHainiri, rmnogMHaMmsa, AeHe LWbIHbIKTbIPY,
canayaTTbl ©Mip CanTbl, andbiH any.

Kasipri koramaarbl ahaHgaHy XaHe TEXHONOMMAbIK NMPOrpecc agam emipiHiH 6apbik canacbliH
KamMTbIn OTbIp. by yaepic »kacecnipimaep opTacbiHa Aa TEPEH, eHin, 0napablH, KYHAENIKTI TYPMbIC-
TipwiniriHe anTapablKTalk e3repictep anbin Kengi. AKNapaTTblK TEXHONOrMANAPAbIH, KapKbIHAbI
OAaMybl,  9/1eYMETTIK  enifiep  MeH  KOMMbITEPAIK  OMbIHAAPAbIH,  TaHbIMaNAblAblfbl
acecnipimaepaiH, 60C yakbITblH YMbIMAACTbIPYAA TOHKEPIC Kacadbl. JereHmeH, byn yaepicTiH
Kepi acepi Ae Hap: Kacecnipimaep apacbiHAa KMMblI-KO3Fanbic HenceHAainiriHiv, temeHaeyi
[EeHCaybIK CaKTay CanacbiHbIH, ©3eKTi MacenenepiHi, bipiHe aHanabl. OTbIPbIKLIbI ©MIP CanTbl
(rMnoamMHamuma) »Kac ypnakTbiH, GU3MKanbIK AaMyblHa FaHa eMec, NCUXMKANbIK KaHe a1eyMeTTiK
OeHcayNblFblHa [a Kepi acep eTyae.

KMMbIN-KO3FanbIC benceHainiri — af3aHblH, KaabiNTbl ©CYi, AaMYbl }KOHE XYMbIC iCTeYi YLLIH KasKeTTi
Heri3ri dakTopnapabiH, Oipi. [AyHMexKy3inik AeHcay/bik cakTay yihbiMbiHbiH (OAY) aepekTepi
6oMbiHWa, 5 neH 19 ac apanbifbiHAaFbl Oananap MeH Kacecnipimaep KyHiHe kemiHae 60 MUHYT
opTalla KoHe »KOfapbl KapKblHAblI GM3MKanblK OenceHAinikneH anHanbicybl Kepek. Anaiaa,
3epTTeyaep KepceTkeHaen, anem OoMbiHWa Kacecnipimaepaid, 6acbim beniri 6y HOpMaHbl
opblHAaManabl. byn »Kafaam cemi3fiik, Kypek-KaH Tamblpaapbl aypynapbl, KaHT AvabeTi KaHe
TiPEK-KMMbIN annapaTtbiHbiH, OYy3blNbICTaPbl CUAKTLI AeHCayAblK NPpobaemanapbiHbiH, epTe KacTaH
H6acTany KayniH apTTbipadbl. FbinbiMmu eHbekTepae 6Gananap MeH KacecnipimaepaiH KuMmbin-
KO3fanblC befceHaiNiriHiH, TomeHaey cebenTepi MeH OHbIH, Cangdapbl KeHiHEeH KapacTbipblafaH.
ATan anTtkaHaa, H.M. Amocos, M.A. ApLLaBCKMA CbiHAb! FanbiMAap eHOeKTePiHAE KMMbIN-KO3FaslbIC
H6enceHainiridiv, ar3aHbliH, GYHKUMOHANABIK, MYMKIHAIKTEPIMEH TbiFbi3 HalifaHbIChl A3enaeHce,
B.K. Banbcesny neH J1.W. JlybbiweBa ©3 3epTTey/epiHAe Kac ChnopTWbliapAbiH, AanbiHAbIK,
yaepiciHaeri benceHAinikTiH MaHbI3blH aTan KepceTKeH. [Medarornkanblk TypfFblaaH anfaHaa, M.9.
NecradT Kac ypnaKTbiH AeHe Tapbueci KyneciHae KMMbIN-KO3FaibiC OMbIHAAPbl MeH GU3MKANbIK,
KaTTblFyNapabiH TopOMenik MaHiH epeklle aTaraH. byn TeopuanbIK TyKbipbIMAAP Kacecnipimaep
apacbliHAa  KUMbIN-KO3fanblic  BenceHAiniriH - apTTbipydblH,  FbIbIMKU - HETi3iH  Kypanabl.
HacecnipimaepaiH, KMMblA-Ko3Fanbic HenceHainiriviv, TemeHaeyiHe bipHelle dakTopnap acep
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eteni. bipiHwigeH, Kasipri 6inim bepy KyMeciHAeri OKy »KYKTEMECIHIH ofapbl 601ybl
acecnipimaepaiH, Ken yakbITbiH OTbIpbIN  ©TKi3yiHe Maxkbypnenai. EkiHwWigeH, undpbiK
TexHonorvanapapiH, Aamybl 6ananapibiH Keleae okHan, 6enceHAi Ko3fanyblHbiH OPHbIHA
raf»KeTTep andblHAa OTblipyFa yakblT 6enyiHe anbin kenai. YWiHwiaeH, kentereH otbacblnapaa aTa-
aHaNapAblH, KYMbICMEH KaMTblybl 3HE canayaTTbl emip CanTbl Typasbl KeTKiNiKT BinimiHiH
bonmaybl BananapabiH GU3MKanbiK BenceHainiriHve »KeTkinikcis KeHin 6eniHyiHe aKen cofaqpl.
TepTiHWiAeH, MmeKTenTepaeri  CnopTTbiK  MHGPAKYPbIAbIMHbIH,  KETicneywiniri  Hemece
Ko/KeTiMmci3airi ae maHbi3abl dakTop 60abin Tabbinaabl. Ocbl Macenenepdi, anablH any xaHe
}acecnipimaepaiH, KMMbIA-KO3Fa bl DenceHaiNiriH apTTbipy YLiH KeleHai »KaHe }Kyneni Tacingep
KarKeT. byn 6afbiTTarbl }KymbicTap bipHelle AeHrenae *Kysere acblpbliiybl TUIC:

BipiHWiaeH, otbacbinbiK TopbueHiH peni epeklwe. ATa-aHanap H6ananapbiHa »Keke yAari KepceTin,
DipneckeH CNOPTTbIK, ic-lapanapfa KaTbiCybl Kepek. [emanbic KyHAepi cepyeHaey, Benocunes,
Teby, WaHFbl Teby, Ky3y CUAKTbI OTOacbiNbIK OenceHai Aemanbic TYPAepiH yMbIMAACTbIPy
KacecnipimaepaiH, CaHacblHa KMMbIA-KO3FaNbICTbIH, MaHbI3AbIbIFbIH  CIHIPYAIH, TUIMAI OAbl
6onbin Tabblnagpl.

EkiHWigeH, meKkTenTeri AeHe LWbIHbIKTbIPY cabakTapblHbIH, canacbl MEeH Mas3MYHbIH »KaKcapTy
KarkeT. [lacTypAai cnopT Typ/epiMeH KaTap, *Kacecnipimaepre Kbi3blKTbl api 3amaHayn ¢uUTHeC
BarbITTapblH (KpocchUT, Mora, 3ymba, »KaTTbIFy 3a/bl) eHri3y onapaplH, cabakka AereH bIHTacbiH
apTTbipadbl. JleHe WbIHbIKTbIPY MaHiHIH,  MyFfaniMi ap OKyLWbIHbIH, Keke KabineTi meH
KbI3bIFYLLbINbIFbIH €CKepe OTbIpbIMN, capanaHfaH Tacin KonaaHybl Kepek. Cabak OapbicbiHAA
CNOPTTbIK OMbIHAAP MEH apbIC 3NEMEHTTEPIH Wi NaaanaHy Aa OKyLiblNapablH, 6enceHainiriH
apTTbIpyFa biIkNan eTeq,.

YWiHWigeH, MeKTenTeH TbIC CMOPTTbIK YMipMenep MeH ceKUMAnapablH, *YMbICbIH aHAaHAbIPY
KaxkeT. KocbiMwa 6inim 6epy ynbimaapbl KacecnipimaepiH CnopTKa AereH Kbi3blfyLblablfbiH
KaHafaTTaHAbIPbIN, 0NapAblH 60C YaKbITbIH TUIMAT YbIMAACTbIPYFa MyMKiIHAIK 6epeai. MemnekeT
TapanblHAH CMNOPTTbIK CeKUMANapFa KaTbiCyabl KO/MKETIMAI €Ty, MaTepumanablK-TEXHMKaAbIK,
HazaHbl KaKcapTy XKaHe BiNiKTI *KaTTbIKTbIpYLWbIIAP AaApaay MacesienepiHe epeklie KeHin beniHyi
THiC.

TepTiHwWIiaeH, OykapaablK aknapaT Kypangapbl MeH a/1eYMETTIK KeniNep apKblabl canayaTTbl emip
CaNTblH HacuMxaTTay KYMbICTApbIH KyMeni Kyprisy MmaHbi3abl. CnopT  Kynabl3AapbiHbiH,
KaTbICybIMEH TyCipinreH 6eMHepoONnKTep, YenneHaxKaep, TaHbiMan baorepnepaid canayaTrbl emip
CanTbl Typanbl KOHTEHTTEPI Kacecnipimaep apacbiHAa YAKeH TaHbIMandpliblKKka me. COHbIMeH
KaTap, MeKkTenTepae canayaTTbl ©Mip CanTblH HAaCMXaTTaNTbIH apHalbl cabaKkTap MeH ic-liapanap
OTKi3y Ae TMimAi aaictepaiH bipi.

BeciHWwiaeH, Kananblk »ocnapnay KesiHAe »aay KypriHwinep meH senocunealinepre Konambi
NHDPaKYPbIIbIM KYpY, caabakTap MeH cnopT anaHaapblHbiH CaHbiH KEOENTY Ae KOFaMHbIH KMMbI-
KO3fasblC BenceHainirii apTTbipyfa biknan etedi. bananap meH xacecnipimaepaiH Kayinci3 api
KO/KETIMA »Kepae CMNopTneH WyFbIAgaHy MYMKIHAITIHIH 601ybl — onapablH, PU3MKaNbIK,
H6enceHAainiriHiH, MaHbI3abl WAPThI.

KopblTa alTKaHda, »acecnipimaep apacbiHAa KMMbIA-KO3Fanbic BenceHainirivii tTemeHaeyi —
KypAeni api Ken Kbip/bl macene. OHblIH, WelliMi 0T6acbiHbIH, MEKTENTiH, MEMJIEKETTIH, XaHe ByKin
KOFaMHbIH, Bip/ieckeH KyLl-irepiH Tanan etei. MaceneHiH, anapiH any — aypyabl emaeyaeH repi
OHaM api TMimai. COHAbIKTAH XaC ypnaKTblH, AEHCAYAblfblH CaKTay *KaHE HblFfalTy MaKcaTblHAA
KMMbI/I-KO3FanbiC 6enceHainirii apTTblpyAblH, KyWeni »KoNAapblH 93ipaey XaHe OHbl KYHAENiKT
Toxipubere eHrisy — OyriHri KyHHIH, ©3eKTi miHaeTi 6oabin Tabblnagsl. Macecnipimaepaid, KUMbII-
KO3Fa/blC benceHaiNiriHiH, TemeHaeYiHiH anablH anyaa AeHe WbIHbIKTbIPY CabaKTapblHbIH, MaHbI3bl
epeklie. OUTKeHI MeKTen — xacecnipimaepaiH, 6acbim 6eniri yakbITblH ©TKI3E€TiH XaHe 01apAbiH
dU3MKaNbIK JaMyblHa }KyWeni Typae acep eTyre MyMKiHAiri 6ap Herisri afeymeTTik UHCTUTYT. [eHe
WbIHbIKTbIPY CabaKTapbIHbIH, TUIMAINITIH apTTbIPy YLIIH OKbITyLbINAP 3aMaHayn neaarornkanblk,
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TexHonorvanapapl KonaaHybl KaxkeT. CnopTTbliK-b6afgapnaHfaH AeHe Tapbueci TexHONOrmschl
HoMblHLWIA, 9P OKyllbl ©3iHe YHaWTblH CNOPT TYPiH TaHAan, COHbIMEH TEepPEeHIpeK anHanbicy
MYMKiHAiriHe ne 6onaabl. byn Tacin KacecnipimaepaiH, AeHe LWbIHbIKTbIpY cabafbiHa AereH
KbI3bIFYLLbINbIFbIH aPTTbIPbIM, ONAPAbIH, *KYNeni TYpae KaTbiCyblHa biknan eTeai. [leHcaynblk cakTay
TEXHONOTMANAPbIH KOAAaHy HapbICbiHAA OKyLWbINapAblH *Keke GU3NMON0TUANBIK epeKLuenikTepi
eCKepinin, XykTeme meJillepi AypbiC TaHdanadbl. byn KacecnipimgepaiH AeHe WbIHbIKTbIPYMEH
aMHanbICcy KesiHAe »KapakaT any KayniH a3anTbin, cabakTaH KeWliH OH, acep anyblHa MYMKIHAiK
bepeni. AKNapaTTblK-KOMMYHUKALMALIK TEXHONOrMANAPAbl KOAJaHYy [a AeHEe LWbIHbIKTbIpY
cabaKTapblHbIH TapTbIMAbIIbIFbIH aPTTbipadbl. Mblcanbl, CNOPTTbIK *KapblCTapAblH BUAEOTaNAaYbIH
YKYPri3y, *KYPEK COFbIChI *KMiiriH BakblNalTblH PUTHEC-OpacneTTepai KoaaaHy, apHabl MObBUIbA
KOCbIMLLUAMAP apKbl/ibl KaTTbifyAapAbl OpblHAAY dA4iCTEMECIH YMWPeHy — OCblHbIH,  63pi
)Kacecnipimaepre 3amaHaym api Kbi3blKTbl. COHbIMEH KaTap, MeKTenTe CnopTTbIK KAybTapablH,
YKYMbICbIH KaHAaHAbIPY, TYPAI CNOPTTbIK CEKLMANAP MEH YRipMenep yMbIMAACTbipy, MeKTenilinik
)KOHe MeKTenapanblK cnapTakmMazanap eTKidy Ae oKyl blnapablH KMMbIA-KO3Fanbic benceHainirin
apTTbipyFfa 30p bikNan eTeai. Anaiaa AeHe WbIHbIKTbIPY cabakTapbl MEH MeKTenTeri CnopTTbIK ic-
Wapanap faHa xacecnipimaepdiH ¢usnKkanbik benceHainiriH KamTamacbi3 eTe  anamaniabl.
TypPFbIbIKTLI XKepaeri CNopT anaHaapbl MeH CTaAMOHAAPAbIH, *al-Kyli, CMOPTTbIK Yipmenepain,
KO/IKETIMAiNITI, KocbiMlWwa cabaKkTapApblH KyHbl /1@ MaHbl3abl daktopnap 6Honbin Tabblnagpl.
COHAbIKTAH KeprinikTi  aTKapylubl OpraHAapAbliH CnopTTbiK  MHOPAKypPbIAbIMALI  AAMbITYFa
HafblTTaNFaH cadcaTbl *KacecnipimaepaiH CnopTneH LWyFblAJaHyblHA KOMAnbl Kafaal acaybl
Tuic. MacecnipimaepaiH, KMMblLI-KO3Fanblic benceHainiriv apTrbipy4a MEMAEKETTIK CasicaTTblH, Poi
30p. KaszakcTaH PecnybaunKacbiHaa «[leHe LbIHbIKTbIPY KaHe CnopT Typanbl» 3aH KabblaaaHbin,
canayaTTbl ©MIip CanTblH KanbliNTacTblpy MeH AambiTyabliH, 2020-2025 Xblngapfa apHanfaH
MeMeKeTTiK baraapnamachl HekiTinreH. byn KyxKaTrapaa XanblKTbiH, 6ap/biK TONTaPbIHbIH, COHbIH,
ilWiHAe acecnipimaepaiH AeHe WbIHbIKTbIPYMEH KYWeni aHaNbICyblHa XKaFfaal Kacay, CNopTTbIK,
MHbPaKypPbINbIMABI  AambITy, OyKapanblK CHOPTTbl HacuxaTTay CMAKTbl MaHbl3Abl OafbiTTap
KapacTblpblafaH. MeauuMHaNbiK NPOPUNAKTMKA TYPFbICbIHAH anfaHaa, *Kacecnipimaep apacbiHaa
KMMbIN-KO3FanbliCc OenceHainiriHiH TemeHAeYiHiH, anaplH  any VWiH YHeMi meaunUmMHanbIK,
TekcepynepaeH eTKi3in, onapabiH PU3MKabIK AaMy KepceTKiwTepiH bakblnay KaxkeT. MeKrten
napirepnepi MeH meabuKenep AeHcaynblFbiHAa aybITKyNapbl 6ap 6ananapabl aHbIKTan, onapfa
apHalbl »KaTTblfyNap KeLWeHiH YCbIHbIM, aTa-aHanapbiHa KeHec Hepyi KepeKk. COHbIMEH KaTap,
AypbIC TaMaKTaHy M3AEeHMETIH KaAbiNTacTblpy Aa *KacecnipimaepaiH AeHCay/blfblH CaKTayablH,
MaHbI3abl WapTbl 60abin Tabblnadpl. KMmbin-Ko3fanbic HenceHAiniriHiv, TemeHAagyiHiH, anabiH
anyaa NcUXosIOrMAbIK achneKTiHi ae eckepy KaxeT. Hacecnipimaep kebiHece pgeHe BiTimiHe,
canmarblHa Hemece PU3MKablK AanblHAbIFbIHbIH TOMEHAiriHe BannaHbICTbl ©34EPiH VAT Ce3iHin,
CNopTneH anHanbicyaaH bac TtapTagbl. MyHaan kafganaa myranimaep mMeH NcuUxonortapbiH
KO/4aybl MaHbI3Abl pes aTkapaabl. HKacecnipimaepre onapabiH, GU3NKaNbIK KeMLINIKTEpI emec,
CMOPTNEH alHanbicy HapbICbIHAAFbI TANMbIHLICTAPbI MEH MKETICTIKTEPI MaHbI34bl EKEHIH TYCIHAIPY
Kepek. TONTbIK *KaTTblfy/1ap MeH KOMaHAa blK CMOPT TYPAEPi KacecnipimaepaiH, aneymeTTeHyiHe,
[OCTapbIMEH KapblM-KaTblHACblH HbIFAUTYFa »KoHe ©3iHe JereH CeHiMAiniriH  apTTbipyfa
KemekTecedi. KopbITbiHAbINAN Kefe, }Kacecnipimaep apacbiHaa KMMbIJI-KO3Faiblic BenceHainiriHiy,
TOMeHAeyi ©3eKTi api Kypaeni macese eKkeHi aHblk. OHbIH andblH any yuwidH oTbacbl, mekTten,
MeM/IEKET KaHe BYKiN KoFamMHbIH, 6ipnecKeH KyLU-xKirepi KaxkeT. by 6afbITTasbl XKYMbICTap Kyneni,
9pi FblNbIMK Herizgenred 6onybl TMic. PU3MKanbiK BENCEHAINIKTI apTTbiPyAblH, TUIMAI *KO43PbIH
i34eCTipy, 3amaHayu TEexXHONOorMAnap MeH aAicTepAi eHridy, CnopTTblK MHOPaKypblAbIMAbI
YKaKCapTy KoHe canayaTTbl emip CanTblH KEHiHEH HacuxaTTay — OCbIHbIH, O3pi *Kac ypnaKTbIH,
[AEeHCay/bIFblH CakTamn, onapAapblH, yiaecimai AgamybiHa biknan eteai. Kacecnipimaepaid, 6benceHai
9pi canayaTTbl eMip canTbl — en 6onallafbiHbIH, Kenini eKeHiH eCcTeH LiblFapMaybiMbl3 KaXKeT.
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MNpenonasatenb Kntapos ..
3anaaHo-KasaxcTaHCKMIM yHUBEPCUTET UMeHM M. YTemMncoBsa

CHUXeHue ,ﬂ,BMFaTeﬂbHOVI dKTUBHOCTU Cpean NOApPOCTKOB N NYyTU €ro I'IpOd)VII'IaI'(TVII'(M

AHHOTauuA

B gaHHOWM cTaTbe paccmaTpuBaeTca nNpobnema CHUXKEHWA ABUraTeNbHOM aKTUBHOCTM cpeau
NOAPOCTKOB M NyTU ee NPOPUNAKTUKK. B HacToAllee Bpemsa MaNONOABMMKHbLIM 0O6pa3 KU3HU
NOAPOCTKOB, 33aBMCMMOCTb OT Tra[)KeToB M HeAOCTaTOK (QM3MYECKUX Harpy3ok OKasblBatoT
HeraTMBHOe BAMAHME Ha WX 340pOBbe. B cTaTbe aHANM3MPYIOTCA MNPUYUHBI  CHUXKEHWA
ABUraTeIbHOM aKTUBHOCTM U Hay4yHO OOOCHOBLIBAOTCA 3PdEKTMBHbIE MYTM ee NPODPUNAKTUKM —
PO/Ib CEMENHOro BOCMMTAHMA, 3HA4YEeHME YPOKOB GU3MYECKOM Ky/bTypbl B LIKOAE, NponaraHaa
34,0p0BOro 06pasa KM3HM 1 BaKHOCTb AOMONHUTENbHBIX CMOPTUBHbBIX KPYKKOB.

KntoueBble cnoBa: NOAPOCTOK, ABMraTeNbHAA aKTMBHOCTb, TMNOAMHAMMA, GU3NYECKana KyNbTypa,
3710POBbIN 06Pa3 KM3HWU, NPOPUNAKTUKA.
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Decrease in Physical Activity Among Adolescents and Ways to Prevent It

Abstract

This article examines the issue of decreased physical activity among adolescents and ways to
prevent it. Currently, adolescents leading a sedentary lifestyle, dependence on gadgets, and lack
of physical exercise are negatively affecting their health. The article analyzes the causes of
decreased physical activity and scientifically substantiates effective ways to prevent it — the role
of family education, physical education classes at school, promotion of a healthy lifestyle, and the
importance of additional sports clubs.

Keywords: adolescent, physical activity, hypodynamia, physical education, healthy lifestyle,
prevention.
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bOJTOI'NA CABARTAPBIHAA HMACAHAbI
MHTESIJTERT APKbI/TbI
[MAJTEOHTONTIOTNAJIbIK, AEPEKTEPA
BU3YAJTUSAUWVANAY SAICTEMECI

MypaTKbi3bl AAynbim

7M01505-6nonorua 6inim 6epy barmapaamachiHbliH, 1 Kypc MarucTpaHThbl

ToknaHos E.A

reorpadua FblAbIMAAPbIHbIH KaHAMAAaTbI, |. "aHCcyripoB aTbiHAafbl HeTicy YHMBEPCUTETI,
TanabiKkopfaH K, KasakcraH

AHOamna

ManeoHmonoeuansik mamepuandaposl buonoz2us cabaKkmapsiHOG OKbIMyObiH UHHOBAUUA/bIK
adicmemeciH xacay weHbepiHoe #acaHObl UHMeNNEKM MeXHO/102UANAPbIHbIH OUOAKMUKAbLIK
aneyemi meopusansiKk myprel0aH Heeizdenoi. OKywbinaposiH ColHU oUaaysl MeH 3epmmeyulinik
Ky3blpemminikmepiH 0ambimy MaKCamslHOG eeHepamusmi MamIiHOIK MaHe Helpoxeninik
epagukansiKk  NAAM@opManap apKbiasbl  Naneobuono2uansiK HbICAHOAP mypassl  fblabIMU
aunome3anapOsbi 8U3yanU3AUUAAAY H0aA0aps! AlKbIHOAAOb!. [TpoOMNM-UH¥UHUPUHE 30iCi MeH
HelipoHObIK 3D-modennedey npoueci OoKywblnapoblH MEPMUHOA02UAAbLIK — CAyammebl/bifblH
apmmeipyra xaHe Oepekmepoi sepuguxkauudnay 0arOblaapbiH KaabinmMacmeipyra MyMKIHOIK
bepemiH napmeHOi Kypasn pemiHoe Kapacmelipslinadsl. TeopusasnsiK-mMemooosn02usasiK manoay
HomuxmceciHOe ¥apamelnsicmary 6inimi meH IT-mexHon102UANGP UHME2PAYUACLIH KAMMAMACHI3
ememiH  «cunammama-npomMnm-eu3yanu3ayusa»  adicmemesnik  MOOEniHIH — KYpblabiMbl
aliKbIHOGO0bI. ¥YCbIHBIAFAH MYXbIpbIMOAp MeH adicmemesnik macindep 6uonocuansik binim
bepydeai KepHeKinik 6a3acbiH 3aMaHayu UugpprablK MEXHOA02UANAP GPKblAbl  KeHetoiHe
barbimmanfaH.

Kinm ce30ep: #cacaHObI UHMesnnekm, naneoHmoso2us, Ouoano2uaHbl OKbIMy, 8U3yanu3ayus,
npOMNM-UHMCUHUPUHE, CbiHU olinay, 3D-peKoHCMpyKYUs.

Kipicne

TakblpbINTbIH, ©3eKTiAiri. Kasipri TaHaa 6inim bepy »KyneciH UnPpabiK TpaHchopmaLmanay *KaHe
acaHabl MHTennekT (XKW) TexHonormsnapbiH eHrisy oKy NpoLeciH canasbl KaHa aeHrenre
KeTepyaiH 6acTbl wapTbl 60nbin Tabblnaabl. bronorns cabasbiHOafbl KypAaeni api abcTpakTini
TaKplpbINTapAabiH, 6ipi — 3BONOUMANLIK NPOLECC KIHE MANEOHTONOMMANbIK AepeKTepai Tanaay.
Okyuwblnap yWiH MUANMOHAAFAH Xblngap OypblH emMip cypreH opraHuamaepdi Tek A3CTypAi
KecKiHAeMenik CcypeTTep apKblibl enecTeTy KUbIHAbIK — TyAblpadbl, ©Oyn naHre aered
KbI3bIFYLWbINbIKTbIH TOMEHALYIHE dKeNyi MYMKIH.

3epTTeyAiH, MaKcaTbl. buonorma cabakTapblHA@ KacaHAbl MHTENNEKT KypandapblH KongaHa
OTbIPbIMN, NANEOHTONOMMANBIK AepeKkTepai BM3yanusaumanayaplH S4iCTeMENiK epeKlenikTepiH
aMKblHAQY *KoHe ocbl TexHosormanapablH, 6iniM  anywbsinapdblH, NaHAIK  Ky3blPeTTiNiKTepPiH
Ka/bINTaCTbIpyAafbl TUIMAINITIH Herizaey.
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Herizri 6enim

1. buonoruagarbl KU TeXHONOTMANAPLIHbIH, ANAAKTUKASbIK dNeyeTi

Undpnbik TpaHchopmauma BMoNornaHbl, acipece NaNeoHTONOMMA CUAKTbI KYPAENi TaKblpbIiNTapabl
OKbITY oAiCTeMecCiH KaHapTyda. 3epTTeyniep KepceTKeHaeM, KacaHapl WHTennekt (HKMKN)
TexHonorvanapbl GUONOTMANBIK KOHUenuuanapabl Bu3lyanabl Kabbingay aeHrenin 40-50%-fa
aptTbipaabl [1]. W naneoHTONOrMANbIK AePeKTePi OKYLIbIHbIH, TaHbIMAbIK AeHreniHe cal
MHTEPAKTUBTI HblCaHFa aMHaNAbIPbIN, FbiAbiMK DOMIKAM Kacay aHe Modenbiey AafabliapblH
Ka/nbinTacTblpaabl [2].

2. BusyanunsaumanayablH MHHOBaLMANBIK 34icTepi

[aNeoHTONOIMANBIK  Kadirepnepai AWMAAKTUKANbIK — PEKOHCTPYKUMANAY  KaHe  0onapablH
dunoreHeTUKanblK Aamy 3aH/blIIbIKTapblH MOAENbAEY Kasipri *KapaTblAblCTaHy-FblbIMU Biflim
bepyaiH, 63eKkTi napaamMrmanapbiHbiH, 6ipi 6onbin Tabbinaapl. AaCTypAai OKbITY KypanaapbliHbiH
CTaTMKa/bIK CUMNaTbl TEONOTUANbIK  KeseHaepaeri OMoapTypPAiNiKTiH  TpaHCPOPMALMABIK,
npouecTepiH KaHe MopdOoNorMaAnbiK benimaeny mMexaHUsmAepiH AuHamuKkaga benHeneyre
Kaykapcbls. Ocbl TypfblaaH anfaHaa, 6inim 6epy MasmyHbiHa BW3yan/bl-KOHCTPYKTUBTI KaHe
KOTHUTUWBTI-BM3yanabl Tacingepai BipikTipy OKyWbIIapAblH, IMMUPUKAIbIK BiniMiH TeopUAbIK-
abcTpakTini geHrenre KetepyAdiH 6acTbl AWMJAKTUKAAbIK WAPTbiHA alHanyaa. byn OarfbiTTa
NaneobuonorMAnblK  HblCAaHAAPAbIH,  KYPbIAbIMAbIK-OYHKUMANBIK — epeKlWwenikTepiH  cabak,
vaepiciHae moaenbaey YLliH Keneci MUHHOBALMANbIK TEXHOIOTUAIK TICINAEPAiH 91eyeTi XKOFfapbl:
2.1. leHepaTUBTi MoaeNbaEeY KaHE MPOMNT-MHKUHUPUHT:

Grok, DALL-E 3 Hemece Stable Diffusion nnaTpopmanapbl apKbiabl OKYLIbIAAP FblabIMU
cMnaTTamanap HerisiHae HbICaHHbIH CbIPTKbl KenbeTiH KannbiHa KenTipedi. MpomnT KypacTbipy
HapbiCbiHAA «3NMUAEPMUC KYPbINbIMbI», «MOPOONOTUANBIK afanTauua» TePMUHAEPIH KonaaHy
Teopuanblk binimai npakTukaga Oekitedi [3]. Mbicanbl, AMHO3aBPAapAblH,  KayblpCbiHAbI
YKaMbIAFbIChI TYpanbl rmnoTesanapabl KW apKbiabl BU3yannsaumanay OKyLbIHbIH, CbIHW OMAaybIH
OambITyFa MyMKiHAiK 6epeai [4].

Buonorua cabakTapbiHAa OKyLblNaPFa ANMHO3aBPAAPAbIH, ChIPTKbI KenbeTi (Mbicanbl, KayblpCblHAbI
¥aMbIAFbICbl) Typanbl runotesanapabl MW apKbiibl TeKcepy Tancblpmachkl bepineai. OKylublnap
FbIIBIMM  CMMATTaManapabl *KMHaAKTan, NPOMNT KypacTblpadbl. [MPOMAT-MHXKMHUPUHT S4iCiH
NPaKTUKaNbIK  KONAAHyAblH  HaTukeci peTiHoe [elHoHwux  (Deinonychus — antirrhopus)

CypeT 1 - Grok (X) »kacaHabl MHTeNNEeKTICIMeH acanfaH JenHoHuxTiH (Deinonychus antirrhopus)
KayblpCblHAbl PEKOHCTPYKLMACH! (aBTOPMEH KYPacTbipbl/iFaH)
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2.2. HeipoHAablK 3D-peKoHCTpyKUumManay

Luma Al xaHe Skybox Al Kypangapbl 2D KeckiHaep MeH Ka3ba KanablKTapbiHaH Kenemai 3D
MOZENbAEP *KacayFa MyMKIHAIK 6epeai. byn agic HbicaHabl 360 rpafyc KeHICTiKTe 3epTTen, OHbIH,
aHAaTOMUANDBIK epeKLIeNiKTEPIH enken-TenKenni Tangayra »araam xacanapl [5].

3. 9aicTeMenik anropuUTM KaHe Ky3bIpeTTiNiKTePAi KanbliNTacTelpy

Buonorua cabarbiHga KW KypangapbiH KONAaHYAbIH KeNeci Ke3eHdiK afiropnuTmi yebiHblAaab!:

o [lepekke3gepai BepuduKkaumsanay: AKaAeMUANbIK  Herizge HblicaH CcMNaTTaMachbiH
KMHAKTay.

e Busyanapl runotesa Kacay: KW kemerimeH opraHmM3mHiH, Typai BUONOrMANBIK HYCKaNapbIH
(Tyci, benimaenyi) moaensaey.

o PedneKkcua oaHe canbicTbipy: KW eHIMIH FbiAbIMK aTNaCTapPMEH CabICTbIPbIMN, KaTenepi
aHbIKTay [6].

By Tacin okyLblNapabiH, UMOPAbIK XKaHEe 3epTTeyWinik Ky3blpeTTilikTepiH dambiTaabl. Taxipnbe
6olblHLa, BU3yannsaumusaiaHFaH maTepuaniap aknapaTTbl ecTe cakTay KepceTkiliH 75%-fa aenin
apTTbipaabl [7; 8].

3epTTey HITUKelepi MeH TaslKblnay

3epTTey OapbicbiHAA MaNeoHTONOMMANbIK AepekTepai MW apKpiabl  BM3yanusaumsanaynpbiH
2iCTEMENIK MOAENI KYPACTbIPbIbIM, KENECIAEN TYKbIPbIMAAP aHbIKTANAbI:

e Busyanabl-anaaktnkansik modens: Grok, Midjourney, Luma Al nnatdopmanapbiHbiH,
KemerimeH «UMbp/biK PEKOHCTPYKLUMA» KOHUenUMAcbiHbIH, [1; 4] Tnimainiri ganengexai.
NeriHoHnx (Deinonychus) AMHO3aBPbIHbIH, KaybIPCbIHAbI aMblAfbiCbiH MoAenbaegy (2-
CYpeT) CTaTMKanblK KecKiHAepai AMHAMMKaAbIK HbiCaHFa aWHaNAbIpbin, abCcTpakTini
rmnoTtesanapAbl Kabblnaay AeHreniH apTTbipabl.

o [lpomMnT-UHXMHUPKHI:  CypaHbicTap  davbiHOay  npoueci  «buonoruvanslk — Tingi
KaNbINTacTbIpy» NPUHUMNIMEH [3] Tikenen HalnaHbICTbI. OKyLWblnapabiH,
«dromaeosaurid», «morphological adaptation» cuAKTbI TepMuHAEPAi KONAAHYbI
TEPMUHONOTUANIK Ba3aHbIH, aKTUBTI KOIAAHbICKA 6TYiH KamTamachl3 eTeq.

o CblHM oMnay »aHe 3D-pekoHcTpyKuma: Luma Al »kaHe Meshy Kypangapbl «KEHICTIKTIK

TaHbIMAbI» [5] aKcapTaabl. KA KibepreH aHATOMMUANDbIK, KaTenepai

(«rannoumMHauMANapabl») FbIAbIMM - aTAACTapMeH CanbICTblpy — OKyLWbIHbI aknapat

TYTbIHYLWbIAAH BeEpUbUMKaLMANayLbl capanllbl AeHreliHe KeTepyaiH TUiMAII *Kobl.
KopbITbIHAbI

3epTTey HaTUMXKenepi % TEXHOJIOTMANIAPbIHbIH, NaseoHTONOMMASBIK, aepekTepai
BM3yanmM3aumanayaarbl Xofapbl ajictemenik aneyeTiH kepceTtTi. MW nnatdopmanapbl OKy
MaTepmasibiHbIH, KOPHEKINIMH apTTbiPbIN, OKYLWbINAPAbIH LUMPAbIK CayaTTblblFbl MEH KEHICTIKTIK
oMnayblH AambiTadbl. [TPOMAT-MHKUHUPUHT TEPMUHONOTMAHbBI MPAKTUKAAbIK MeHrepyre, an
eHiMAi BepudurKaumanay CoiHM OMNayabl XKaHa AeHrenre ketepyre MyMKiHAaiK 6epeai. ¥CbiHbIFaH
aaictemenik  modenb  buonormanbiK - 6inim  Bepyai  KaHAPTyAblH,  KoHe  3epTTeyLinik
Ky3blpeTTiNIKTePAi KaNbliNTacTblpyAblH MaHbI3Abl GakTopbl 6oabIN Tabblnaabl.
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NHTEPAKTVBHbLIV TPEHAMKEP KAK
MHCTPYMEHT ®OPMWPOBAHWA
MEAATOTMYECKNX HABBIKOB BYYLLINX
YYUTENEVN MATEMATUKN: PASPABOTKA
N SRCTEPMMEHTAJIBHAA ATTPOBALLAA

Kabgonna AHcaraH Oopa3baiy bl

MarmcTpaHT 2 Kypca, KoKweTayckunin yHneepcuTeT num. L. YanuxaHoBa, r. KoKweTay,
KasaxcraH

Hay4HbIn pyKoBOAUTE b:

Hamekosa C.K.

K.M.H., aCCOLMMPOBAHHbIN Npodeccop

AHHOTauuA

B cTatbe npeacTaBneHbl pe3ynbTaTbl pa3paboTKM M 3KCNepumeHTanbHOM anpobaumm
MHTEPAKTUBHOIO TpeHaxépa Ana GopMMPOBAHMA Neaarormyeckmx HaBblKoB ByayLMX yymuTenen
MaTeMaTUKN. TpeHaxKép MOCTPOEeH Ha HeNMHEMHOM CUCTEME CLLeHapMeB peasibHbIX LUKOAbHbIX
CUTYaUUM C AMHAMWYECKMMWU METPUKAMM W OPUMEHTMPOBAH Ha cneunduKy KasaxCTaHCKOWM
HOPMaTMBHO-NPaBoBON 0a3bl. lleaarorM4ecknin aKCNepMMeHT C yvacTmem 35 cTtyaeHTosB 3—4
KypcoB KoKlueTaycKkoro yHnsepcuteTa um. L. YanmxaHosa noATBepAM BbICOKYIO 3PPEKTUBHOCTb
TpeHa)képa Mo TPEM rpynnam KpuTepues: KOTHUTMBHLIM (npupocT 55,1%, r = 0,71),
neatenbHoCcTHbIM (43,5%, r = 0,68) u pednekcuBHbiM (36,2%, r = 0,59). Bce addekTbl
CTAaTUCTUYECKM 3HaYMMbI (p < 0,001) 1 cooTBETCTBYIOT 60/IbLIOMY paszmepy sddeKTa.

KntoueBble CnoBa: NeAarormyeckmini TpeHaxkeép, CMMynauMoHHoe obydveHue, Byayuine
yYuTens  MaTemaTuKKM, nejarornyeckas  camoddPeKTMBHOCTb, HENWHEMHble  CUEeHapuy,
AMHaMMYecKMe MeTPUKM, KazaxcTaHCcKoe obpa3oBaHue.

Abstract

The article presents the results of developing and experimentally testing an interactive
simulator for forming pedagogical skills in future mathematics teachers. The simulator is based on
a non-linear scenario system of real classroom situations with dynamic metrics, oriented toward
the specifics of Kazakhstan's regulatory framework. A pedagogical experiment involving 35
students (3rd—4th year) at Sh. Ualikhanov Kokshetau University confirmed the simulator's high
effectiveness across three criterion groups: cognitive (gain 55.1%, r = 0.71), activity-based (43.5%,
r = 0.68), and reflective (36.2%, r = 0.59). All effects are statistically significant (p < 0.001) and
correspond to large effect sizes.

Keywords: pedagogical simulator, simulation-based learning, future mathematics
teachers, teaching self-efficacy, non-linear scenarios, dynamic metrics, Kazakhstan education.



«Progress in Science» (June 11-12, 2026). Brussels, Belgium I

BeeneHue

Cuctema neparormyeckoro obpasoBaHuMa Pecnybamkin KasaxcTaH nepexknBaeT nepuos,
aKTMBHOMN TpaHchopmaumm. O6HOBNEHHbIE TOCY/AAaPCTBEHHbIE CTAaHAAPTbI M KBaMOUKALMOHHbIE
TpeboBaHMA K nedarorMyeckMm paboTHWKaM NPeabaABAAOT  BbiCOKMe TpeboBaHMA K
NpodeccMoHanbHOM KOMMETEHTHOCTU Y4YMTeNA MaTeMaTMKM, OXBaTbiBaloOWME MPEAMETHYO,
MEeTOAMYECKYI0, KOMMYHMKATMBHYIO M NpaBoByto cocTasadowme [1; 2]. BmecTe ¢ TemM npaKkTuka
MOKa3blBaeT:  MeXAay  TeOopeTMYecKoM  MOArOTOBKOM  BbIMYCKHMKOB  MeAarornyeckux
cneumanbHOCTEN N UX peanbHOM TOTOBHOCTLIO K NPOdeccnoHanbHOM AeATeNbHOCTU CyLEecTByeT
3HAYMTE/IbHbIN PA3pPbIB.

C uenbto BepuduKaumm aaHHoM npobaembl Hammn Obln nposeaéH onpoc 70 mosoapix
yumTenen matemaTnki AKMoaMHCKoM obnactu (cTax 4o 3 neT). Pe3ynbTaTbl Nnokasanu, 4to 81%
MCNbITbIBAOT HEXBATKY MPAKTUYECKMX NeJarormyeckmx Hasblkos, 78% — OTcyTCcTBME Be3onacHoM
TPEHWPOBOYHOMN cpedpbl, 73% — pa3pbiB MeXAy TeOpeTUYecKon MNOAroTOBKOM M peasnbHbIMM
TpeboBaHMAMM LWKONbI. [aHHble pe3ynbTaTbl COMNACYOTCA C BbIBOAAMM MENKAYHAPOAHbIX
nccnenoBaHM B 061acTh negarormyeckoro obpasosaHma [3; 4].

B KayecTBe WMHCTPyYMEHTa MNpPeoAo/ieHNa AaHHOro paspbiBa MMPOBas neaarormyeckas
HayKa BCE aKTMBHee 06palllaeTca K CMMYAALUMOHHbIM TexHonormam. MeTaaHanms YepHUKOBOM U
coaBTOpPOB [5], 0xBaTMBLINIK 145 sMNMpPUYECKMX UCCNEA0BAHMUI, YCTAHOBWU/ 3HAYUTENbHbIN 3D bEKT
CUMYAALMOHHOTO 06y4eHMs Mo CPaBHEHMIO C TPAAMUMOHHBIMM MeToaamu (g = 0,85). BmecTe c Tem
cyuiecTytolliMe 3apybeskHble CUCTEeMbI He aZanTMpoBaHbl K crneumduKe KasaxCTaHCKOM
HOPMaTMBHO-NPaBOBOW Hasbl M pPeasibHbIX CUTyaLMIA Ka3axXxCTaHCKOM LLKOAbI, YTO 06ycnoBmo
HeobXoAMMOCTb Pa3pPaboTKM OPUTMHANBHOTO OTEYECTBEHHOTO MHCTPYMEHTA.

Llenb HacToAWen cTaTbM — NpeacTaBuTb KOHLENTyasbHYlD MOAENb, TEXHUYECKYHO
peanu3aumio M pesynbTaTbl IKCMEPUMEHTANbHOM anpobaumm MHTePaKTUBHOIO TpeHaxképa Ana
GopMMpPOBaAHUA Neaarormyecknx HaBbIKOB BYAYLIMNX yUUTENEN MATEMATUKMN.

TeopeTnyeckoe 060CHOBaHME MOAEM TPEHAXEPA

KoHuenTyanbHas moAenb pa3paboTaHHOroO TpeHaXképa OnupaeTca Ha  4eTbipe
TEOPETUYECKMX OCHOBaHMA. Teopusa No3TanHOro GopmMMpPOBaHMA YMCTBEHHbIX AencTeuin [1.A.
lanbnepuHa [6] 060CHOBbLIBAET POb TPEHANXKEPA KaK MHCTPYMeHTa obecneyeHmna NponyLLeHHoro
3Tana maTepuann3oBaHHOIO MNeAarormyeckoro AencTens — oTPaboTKM npodeccroHaNbHOro
pelleHunsa BO BHellHe popme ¢ Habatogaembimm NocaeacTBMAMN. bes gaHHOro aTana nepexos ot
TEOPETUYECKOTO 3HAHMA K aBTOMATU3NMPOBAHHOMY NPOPECCMOHABHOMY HaBbIKY MPUHLMAWANBHO
3aTPYAHEH.

KoHuenuma negarornyeckon camoaddekTnsHocTn A. baHaypbl [7] 06bACHAET MmexaHW3m
BANAHMA TpeHaxképa Ha npodeccMoHaNbHOEe pa3BUTME CTy[eHTa: YCnewHoe MnpPOoXoXKaeHue
CNOMHbIX CcleHapueB GOPMMUPYET «OMbIT MacTepcTBa» — Haubosnee MOLHbIA  MCTOYHMK
caMoaddeKTMBHOCTM, obecneunBatoWmin  pocT NpPodecCMoHaNbHOM  YBEPEHHOCTU. Teopus
npobnemHoro obydeHna M.U. MaxmytoBa [8] 0OOCHOBbLIBAET MNeAarormMYeckyto LLEHHOCTb
cueHapues 6e3 eAMHCTBEHHO MPaBMALHOTO OTBETA: KOrHWUTMBHOE 3aTpyaHeHWe npu Bbibope
MEXAY KOHKYPUPYIOLWMMM NPOdGEeCcCMOHaNbHbIMK CTPATErMAMM ABAAETCA ABUNKYLLEN Ccuioi
NoANMHHOIO NPodeccnoHabHOro obydyeHuna. Teopus akcnepmeHTanbHoro obydyerns . Konba [9]
onpeaenaeT UMKAMYHOCTL WM BO30OHOBAAEMOCTb OMbiITa B TPEHaXKEpPe Kak YyCaoBME ero
neAarornyeckomn sdGeKTMBHOCTH.
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ApXUTEKTYPa U TEXHUYECKaA peanm3aumna TpeHarképa

Pa3paboTaHHbIM TpeHaxkép npeacTaBnaetr cobon Beb-nnaTPopmy, peann3oBaHHYO Ha
TexHonormyeckom crteke Django — PostgreSQL — Bootstrap. [aHHbin BbibOp 0bOycnoBaeH
HeobX0AMMOCTblO obecneynTb: HEAMHEMHbIA MEeXaHW3M BETB/IEHWA CLeHapueB 4Yepe3 rpad
coctoaHnin G = (V, E); rnbkryio cuctemy AMHAMUYECKUX METPUK Ha ocHose JSONB-noneit;
aAMUHUCTPATMBHbLIN MHTepdenc Ans ynpasBaeHMA COAEPKUMbIM Oe3 NporpammmpoBaHMS;
[OCTYMNHOCTb C /1060ro yCTPONCTBa Yepes CTaHA4apPTHbIN bpaysep.

Cnctema clUEeHapueB TpPEHaXEpa CTPYKTYpPUMpOBaHa MO YeTbIPEM CcoAepKaTesibHbIM
6nokam: «MeToauMKa nNpenogaBaHUa MaTeMaTUKM» (0b6bACHEeHMe HOBOro matepuana, paboTa ¢
olwmrbkamn, andbdepeHUMpPOBaHHOE 0bydyeHne), «YnpaBieHMe KAacCoM W AWUCUMMIMHAY»
(pearvpoBaHMe Ha HapyleHWs, KOHOAMKTbI, AeMOTMBMPOBAHHbLIN Knacc), «HopmaTMBHO-
npaBoBble cUTyaumm» (NpaBa y4aCTHMKOB 0OpPa30BaTeNbHOrO MpoLecca, OUEeHWBaHME,
3KCTPEHHblE CUTyaumn) U «Blammoaencrsme c poauTensiMmm» (NPeTeHsnn, KOHOAWKTDI,
MHPOPMMpPOBaHME O Npobaemax ydyeHmKa). Kaxapih cueHapuii COAep*KUT KOHTEKCT, Tpurrep,
BapuaHTbl 0TBeTOB (0T 2 A0 10), KO3DPUUMEHTbI U3MEHEHMA AMHAMUYECKUX METPUK M YKa3aHMe
Ha CneaytoLLyto CLIeHY B COOTBETCTBMM CO CTPYKTYpPOM rpada.

OMHaMMYecKMe METPUKM TpeHaKeépa OTParkaloT KAloYeBble NapameTpbl neaarormyeckon
CUTyaUMK: YPOBEHb MOHMMaHMSA y4ebHOro maTepumana yd4eHUKamu, ypOoBEHb AUCUMMNAWHBLI B
Knacce, MOTMBALMIO YYaLLMXCA, BDEMEHHOM Pecypc YPOKa M 3MOLIMOHAbHYIO HArpysKy yunTens.
Kaskablit BbIOOp NO/Sb30BaTeNIA MIHOBEHHO M3MEHAET 3HAYeHUs MEeTPUK, CO34aBas HaraaaHyto
06paTHYIO CBA3b O NOCAEACTBUAX MPUHATLIX NeAarorMyecknx pelweHuin. HeanHemHoCTb CTPYKTYPbI
obecneunBaeT MHAMBMAYANbHOCTb CLEHAPHOro MyTM KaxAoro nosib3oBaTensa U dopmupyeT
peanbHy OTBETCTBEHHOCTb 33 MPUHMMAEMbIE PeLLEeHUS.

ConoepkaHue cueHapueB pa3paboTaHO Ha OCHOBE [BYX 3MMAMPUYECKMX MCTOYHWKOB:
onpoca 70 MonoApbIX yyuTener mMatemaTMKM AKMOAMHCKOM 061acTu (BbiABNEHWME peanbHbIX
npodeccMoHanbHbIX 3aTPyAHEHMI) U 3KCMEPTHbIX OLEHOK OMbITHbIX Meaaroros-maTemaTMKOB
WKON pernMoHa (BepuduMKauMs nedarorMyeckor afekBaTHOCTM  BapMaHTOB OTBETOB W
KoaddMUMEHTOB MeTpUK). HopmMaTMBHO-NMPaBOBblE CLEHAPUM OCHOBAHbl Ha aKTyasibHOM
3akoHoaaTtensctee PK B chepe obpazoBaHms.

MeToamMKa neparorMyeckoro skcnepmmeHTa

MNenarorMyeckmnin sKCNepMMeHT NPoBoAMCA Ha Ha3e KoKLieTayckoro yHusepcuTteta um. L.
YanuxaHosa no cxeme npe-tect/noct-tect (O > X = 0,). B akcnepumeHTe ydyactBoBanu 35
CTYAeHTOB 3—4 KypcoB MeJarorMyeckix cneumanbHocten (22 cTyaeHTkM, 13 cTyaeHToB),
OCBOMBLUMX TEOPETMYECKME KypCbl MeAarormkm 1 MeToaMKM NpenodaBaHna MaTEMATUKK, HO He
3aBEPLIMBLLMX CAaMOCTOATE/IbHYIO MNeaarorMyeckyto npakTuKy. Bce y4acTHMKM 006POBOJSIbHO
noanucann  MHbopmMpoBaHHOe  cornacne; obpaboTKa  AaHHbIX  OCYLLECTBAANACb  C
MCNOJIb30OBAHMEM aHOHMMHbIX KOZOB.

[ONarHOCTUYECKMIA UHCTPYMEHTApPUIA BKIOYAN TPU U3MEPUTENbHbLIX WMHCTPYMeHTa. [Ana
OLEHKM KOTHUTMBHbIX MOKa3aTenel npumeHsncs « TecT 3HaHMA HOpMaTUBHO-NPaBoBoM 6asbi» (20
Bonpocos, 4 cybuwkanbl, KoadduumeHT HaaéKHocTn anbda KpoHbaxa a = 0,79). [Oas oueHKn

[eATeNbHOCTHbIX MOKasaTenen — «AHKeTa CaMOOLEHKM TOTOBHOCTM K MeJarormyeckomn
aeatenbHoCcTM» (24 yTBepXaeHWs no wkane Jlankepta, 4 cybwkanbl neagarorMyeckomn
camoadpdektmBHoctT, a = 0,83). [as oueHKM ped/ieKCUBHbLIX MoKasaTenen — «AHKeTa
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npodeccmoHanbHol pednekcum» (10  OTKPbITbIX BOMPOCOB M 5  LWKaNbHbIX OLEHOK,
06pabaTbiBaEMbIX METOAOM KOHTEHT-aHanM3a, KoadpdUUMEHT cornacoBaHHoCTH akcnepTos 0,83).

dopmumpytowmii 3Tan NPOAOMKANCA ABE HEAENN: YHACTHUKM CAMOCTOATEIbHO NPOXOANAN
BCe yeTbipe 6/10Ka TpeHaxépa (cpeaHee cymmapHOe BPems MpoXoxAeHWs — 152 MUHyTbI).
CraTncTnyeckan 06paboTKa AaHHbIX OCYLLECTBAANACL C NPUMEHEHWEM KpuTepua BUAKOKCOHa And
CBA3aHHbIX BbIOOPOK 1 KoadduumeHTa addekTa r.

Pe3ynbTaThl 3KCNEPUMMEHTa U uX obcyxaeHue
Pe3ynbTaTbl 3KCMEPUMEHTA MO BCEM TPEM rpynnam KpUtepmes npeacTassieHbl B Tabamue

1.
Tabnvua 1 — CBoaHble pe3ybTaTbl Negarormyeckoro skcnepumenTa (n = 35)
lpynna Kputepunes Mpe-tect M MocT-Tect M MpupocTt, % r
KorHmTtuBHble (Makc. 20 6.) 10,28 15,94 +55,1% 0,71
JesTenbHocTHble (Makc. 120 6.) 64,25 92,20 +43,5% 0,68
PednekcmBHble (makc. 20 6.) 11,99 16,80 +36,2% 0,59

MpyMmeyYaHmne: Bce pasnmnuma CTaTUCTMYeCKn 3Haummbl npu p < 0,001.

MO KOTHUTUBHbLIM KPUTEPUAM CpeaHWUn Hann TecTa HOPMATUBHO-NPaBOBOM 6a3sbl BbIPOC C
10,28 po 15,94 (npupoct 55,1%). Hanbonblumih nNpupocT 3adMKCMpoBaH Mo cyblikane
«IKCTPEeHHble cuTyaumm» (+32,6%), 4TO 0OBACHAETCA KOHTEKCTYaNM3MPOBAHHbIM XapaKTepom
YyCBOEHMA HOPMATUBHbIX 3HAHWI Yepes CLeHapUK: CTYAEHTbl BCTPEYA/IMCb C MPaBOBbIMW HOPMaMM
B KOHKPETHOM NPOPECCMOHANbHOM KOHTEKCTe, a He B abCTPaKTHOM M3M0XKeHUM yyebHMKa.
KoaddumuneHT addekta r = 0,71 cootseTcTByeT 6osbliomy 3DDEKTY M NPEBbILLAET CPeaHUN
NnoKasaTe/lb MeTaaHann3a YepHuKkosol (g = 0,85 npu nepecyéTte B CONOCTaBMMbIE eANHULLbI).

Mo AeATeNbHOCTHLIM KPUTEPMAM CYMMapHbIM 6ann aHKeTbl CaMOOLLEHKN Bblpoc ¢ 64,25 ao
92,20 (npupocT 43,5%). Hanbonee BbiparkeHHbIN NPUPOCT HabtoaaeTca no cybLiKkane NnpaBoBOM
camoapPekTMBHOCTU (+8,54 banna n3 30), rae UCXoaHbIM YpOBEHb Obln HaMMeHbLUM. [aHHbIN
pe3ynbTaT cornacyerca ¢ teopuent camoaddeKTUBHOCTU baHaypbl: CTYAEHTbI C MCXOAHO HMU3KOM
CcamoaPpPEKTUBHOCTLIO B KOHKPETHOM 061aCTU AEMOHCTPUPYIOT HAMBOALLINIA POCT NPW YCNELHOM
onbiTe. [1o 4eATeNbHOCTHbIM KpuTepuam r = 0,68.

Mo pedneKkCcMBHbIM KPUTEPUAM 3adUKCMPOBAHBI 3HAYMMbIE YYYLWEHMA KaK MO WKabHbIM
NOoKasaTenam, Tak M NO KayecTBy pedNeKCUBHbIX ONMUCaHWI. TeMaTUYecKMin aHan3 OTKPbITbIX
OTBETOB BbIABMA XapPaKTEPHbIA Nepexos: Ha npe-Tecte 68% OTBETOB He COAEPa/v aHaNM3a
MPUYMH OMMCAHHbIX 3aTPYAHEHMUI, Ha MNOoCT-TeCcTe JAaHHblM MoKasaTenb CcHW3mncA Ao 29%.
YYaCTHUKM CTaNM 3HAYMTENbHO 4Yallle PAaCCMATPMBATb a/bTEPHATMBHbIE CTpaTernmn AencTsmA U
dopmMyMpoBaTb KOHKPETHbIE BbIBOAbI O NPpOodeccMoHanbHOM pa3suTum. r=0,59.

CybbeKkTMBHAA OUEHKa TpeHaképa y4yacTHMKaMM NOATBEpAMNa €ro  BbICOKYHO
BOCMPMHMMAEMYIO LIEHHOCTb: CpeaHAA OLEHKa peanuctMyHocTM cueHapues — 4,3/5,
neaarormyeckoit nosesHoctn — 4,5/5; 91% y4acTHMKOB NOYyBCTBOBAM HO/bLUIYIO YBEPEHHOCTb
nepe/ NpeacTosLLel Neaarorniyeckor NPakTMKomn; 94% oTMETUAN, YTO TPEHANKED MOMOT UM Nydllie

MOHATb Pea/ibHble LWKO/IbHbIE CUTYaLIMN.
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MHTepnpeTauma pe3ynbTaToB C OMNOPOM Ha TeopeTMyeckMe OCHOBAaHMA MO3BONAET
BblAENNTb NATb MEXaHW3MOB MeAarorMyeckoro BO3AEWCTBMA TPEHaXKEpa: aKTyaamsaumsa W
CMCTEMATM3AUMA 3HAHWA Yepe3 MpaKTUYecKoe MpUMeEHEeHMWe; paclumpeHue penepTyapa
nefarorMyeckmx crpateruii; GopmmpoBaHME HOPMATMBHO-MPABOBOM KOMMETEHTHOCTM uYepes
KOHTEKCTYaZIM3MPOBAHHOE YCBOEHME; CHUXKeHMEe MNpodeccnoHanbHOM TPEBOXKHOCTU Yepes
npeaBapuUTenbHbIM OMbIT; pPa3BuTMe npodeccuoHanbHon pedaeKkcun Yepes BU3yasm3aLmto
nocneAcTBUI NeaarormMyecknx peleHuni.

OrpaHunyeHua nccnefoBaHmA

K OCHOBHbIM OrpaHMYeHMAM UCCNeA0BaHMA OTHOCATCA: OTCYTCTBME KOHTPObHOM rpynmbl
(cxema npe-Tect/noct-Tect 6e3 paHAomM3aumn); Hebonblioh pasmep Bbibopkn (n = 35),
OrpaHMYMBatOLWLMIA CybrpynnoBOM aHaNW3; NOKaAbHOCTb BbIOOPKM (OAWMH YHUBEPCUTET, OAMH
PErvoH); KPaTKOCPOYHOCTb M3MEPEHMN B3 OTCPOYEHHOTO NOCT-TECTa; CAMOOLLEHOYHbIN XapaKTep
NeATeNbHOCTHbIX KpuTepmes. [aHHble OrpaHWYeHns onpeaenatoT HanpasBAeHWA Nocaeayowmx
nccnesoBaHMM: PaHAOMMU3NPOBAHHbIM KOHTPOMPYEMbIN 3KCMEPUMEHT C KOHTPO/IbHOW rpynno
Ha MHOrOBY30BCKOM BbIDOPKE M NOHTUTIOAHBIE M3MEPEHWNSA YCTOMUYNMBOCTH 3 DEKTOB.

3aknto4eHmne

MNpoBeaéHHOE WccnefoBaHWe NO3BOAAET CHOPMYNMPOBaATL Caeaylolme BbiBOAbl. Bo-
nepBblX, Pa3paboTaHHbIN WMHTEPAKTMBHLIA TPEHAKEpP ABAAETCA neaarornyeckn 3ddekTUBHbIM
MHCTPYMEHTOM GOPMMpPOBaHMA NPodeCcCMOHaNbHOM TOTOBHOCTM BYAYLUMX yuMTeNEeN MaTEMATUKMN:
no Bcem TPEM rpynnam KpuTtepues 3adukcnposaHbl bonbline apdektsl (r = 0,59-0,71),
COOTBETCTBYIOLLME YPOBHIO NYYLLIMX MUPOBbIX 06PA3L0B CUMYAALMOHHOTO 0by4YeHns. Bo-BTOpbIX,
TpeHaXép oOKasblBaeT Haubonee BblparKeHHOe BO3AENCTBME WMMEHHO Ha Te o0bnactu
npodeccmoHanbHON FOTOBHOCTM, KOTOPblE HaMMeHee OXBayeHbl TPAAMLMOHHOM MOArOTOBKOM:
NPaBOBYIO KOMMETEHTHOCTb M Camo3bdEKTMBHOCTb B HECTaHAAPTHbIX CUTyauUMax. B-TpeTbux,
HeNMHeMHana apxMTeKTypa Ha ocHoBe rpada COCTOAHWA C  AMHAMUYECKMMU METPUKAMM
obecneymBaeT ayTEHTUYHbIM ONbIT NeAarorMyecknx peleHnin n abdbekTMBHYO 0bpaTHYHO CBA3b.

Pa3paboTaHHbI  TpeHaxXép  npeacTaBaseTr coboM  rOTOBbIA K MPUMEHEHMUIO
obpa3oBaTeNbHbIl  MHCTPYMEHT, PEKOMEHAYEMbI K WHTerpaumm B y4ebHbIM npouecc
neaarorMyeckmnx cneumanbHOCTeN Ka3axCTaHCKMX YHUBEPCUTETOB B KaYeCTBe NOAroTOBUTEIbHOMO
MHCTPYMEHTa nepes neJarormieckoin npakTMKom.
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Abstract: In modern education, the application of Information and Communication
Technologies (ICT) has moved beyond a simple technical support role to become a transformative
factor that fundamentally alters the content, methods, assessment mechanisms, and
management models of teaching. The expansion of digital environments, the development of Al-
based systems, learning analytics, and the proliferation of adaptive platforms have led education
toward a more flexible, personalized, and data-driven decision-making structure.

This article examines the transformative role of ICT in the context of artificial intelligence
(Al) and adaptive learning, systematizing the theoretical and practical foundations of new
pedagogical approaches. Al technologies in education create value across several key areas:
automated and objective assessment, intelligent tutoring systems that support individualized
learning, predictive models based on learner behavior and performance indicators, and real-time
content and task adaptation. These systems allow the identification of learners’ strengths and
weaknesses, enabling the construction of personalized learning trajectories.

Adaptive learning models, in turn, dynamically adjust instructional content through
diagnostic assessments, continuous monitoring, and algorithmic decision-making, replacing the
“one-size-fits-all” approach with personalized learning experiences. The analysis demonstrates
that these technological approaches are associated with increased motivation, immediate
feedback, cognitive load optimization, and improved learning outcomes.

Additionally, the teacher’s role is transformed, shifting from a mere information provider
to a learning designer and analytical decision-maker. The article highlights the hybrid teaching
model — the collaboration of teachers and Al systems — as the most effective approach.

At the same time, the ethical and social risks of technology-driven transformation are
evaluated: data privacy, algorithmic bias, digital inequality, and the potential negative impact of
excessive automation on pedagogical quality are identified as key challenges.

The article concludes that, when applied within an appropriate methodological and ethical
framework, ICT, Al, and adaptive learning systems have significant potential to enhance the
quality, accessibility, and personalization of education, forming one of the central pillars of future
educational models.

Keywords: ICT, artificial intelligence, adaptive learning, digital education, personalized
instruction, learning analytics
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Giris

XXI| asrda tahsil sistemi sliratla dayisir va texnologiya bu dayisikliklarin markazinda dayanir.
dvvalca informasiya-kommunikasiya texnologiyalari (iKT) yalniz tadrisa alave dastak vasitasi kimi
gabul olunurdusa, hazirda onlar tadris prosesinin butin strukturunu ve giymatlandirma
mexanizmlarini transformasiya edan asas faktorlara cevrilmisdir (Luckin, Holmes, Griffiths &
Forcier, 2016; Holmes, Bialik & Fadel, 2019; UNESCO, 2021). Ragamsal platformalar, bulud
texnologiyalari, boytk verilanlar va suni intellekt asasli algoritmlar sayasinds dyranma prosesi
Olctla bilan, izlana bilan va fardilasdirilea bilan bir sistema c¢evrilmisdir. Bu dayisiklik yalniz
texnologiyanin tatbigi deyil, ham da pedagogik dislincanin yenidan qurulmasi demakdir.

Muasir tahsil siyasati sanadlarinda texnologiyanin transformativ tasiri xtsusi vurgulanir.
UNESCO va OECD hesabatlari regamsal bacariglar va stini intellekt dastakli dyranma modellarinin
galacayin asas istigamatlari oldugunu gostarir (UNESCO, 2021; Holmes et al., 2019). Tahsil
sahasinda innovasiyalarin gabulunu slratlandiran amillar arasinda global ragabat, igtisadi inkisaf
talablari va fardilasdirilmis dyranma ehtiyaci da mihim rol oynayir.

Bu magalanin magsadi iIKT-nin transformator rolunu siini intellekt va adaptiv &yranma
kontekstindas sistemli sakilde arasdirmag, yeni pedaqoji yanasmalari tagdim etmak va praktik
tatbig imkanlarini elmi asaslarla izah etmakdir. Magalada ham nazari, ham da praktik aspektlara
toxunularagq tahsilda iKT-nin rolu biitiin genisliyi ils taqdim olunacag.

IKT vo tahsilin transformasiyasi: konseptual ¢argive

IKT-nin tahsilds rolu inkisafin tic marhalasinds miisahida olunur:

e Dastak marhalasi — Bu marhalada texnologiya asasan vizual va multimediya resurslari
kimi istifada olunur. Masalan, elektron kitablar, interaktiv grafiklar va tagdimatlar musallimlarin
dars izahini dastaklayir. Bu marhaladas texnologiya slava vasita rolunu oynayir va miallim hala da
dyranmanin asas yonlandiricisidir.

e integrasiya marhalasi — LMS (Learning Management System) sistemlari, onlayn kurslar
va hibrid tahsil modellari tadris prosesini texnologiya ila six inteqrasiya edir. Burada IKT yalniz
vasite deyil, ham da tadrisin koordinasiyasi va giymatlandirmasi lcln platforma rolunu oynayir.
Misal Ugln, onlayn imtahanlar, forumlar va elektron tapsiriq sistemlari misllimlara dyranmani
izlamak va effektiv idara etmak imkani verir.

e Transformasiya marhalasi — Slni intellekt, adaptiv platformalar va dyranma analitikasi
vasitasila IKT tadrisin strukturunu dayisdirir, pedaqoji gararlarda aktiv rol oynayir va dyranmas
trayektoriyasini fardilasdirir. Sistem sagird davranislarini analiz edir, prognozlasdirir va real vaxt
rejiminde tadrisi optimallasdirir.  Transformativ marhala konstruktivist va data-asasl
pedagogikanin kasisma noqgtasinds formalasir. Oyranmsa artiq statik program deyil, dinamik, fardi
va Olcila bilan prosesa cevrilir (Luckin et al., 2016; Holmes et al., 2019).

Bu marhalada musallim rolunu yalniz malumat 6ttrtct kimi gérmak artig miumkdn deyil; o,
tadris dizayneri va fasilitator kimi c¢ixis edir. Texnologiya va pedaqgogika birgs islayarak dyranmsa
naticalarinin optimallasdiriimasini tamin edir.

Suni intellektin tahsilda tatbiq modellari

Sini intellekt tahsilda bir neca asas istigamatda tatbig olunur:



Proceedings of the 13th International Scientific Conference

e Avtomatlasdiriimis giymatlandirma — Al testlari, yazi islari va acig cavablari avtomatik
giymatlandirir, maallimlarin is ylikinU azaldir va giymatlandirmada standartlasmani tamin edir.

e Agill repetitor sistemlari — Sagirdin sahv va ugurlu davranis modellarini taniyir, ona
uygun fardi izah strategiyasi secir. Bu sistemlar misallimlarin fardi yanasmasina yaxinlasir va
sagirdin zaif mévzularini effektiv Gza ¢ixarir.

e Oyronma analitikasi — Sagird davranis malumatlari asasinda risk gruplar va zaif
movzular miayyan edilir. Erkan midaxila imkani yaranir va tadris plani fardilasdirilir.

e Mazmunun dinamik uygunlasdiriimasi — Al sagirdin saviyyasina gdra tapsiriq ¢atinliyini
va taqdimat formasini dayisir, idrak yikinu optimallasdirir.

Tadgiqatlar gostarir ki, Al dastakli fardilasdirma modellari 6yranma naticalarini statistik
olarag ahamiyyatli daracada yaxsilasdirir (Luckin et al., 2016; Woolf, 2010). Masalan, riyaziyyat
darslarinda adaptiv platformalar sagirdlarin har sshvindan darhal dyranmaya imkan verir va
musallimlar Ggln konkret tovsiyalar tagdim edir. Dil dyranmada isa saviyya asasli dinamik masglar
sagirdin danisiq va yazi bacariglarini fardilasdirilmis sakilda inkisaf etdirir.

Adaptiv 6yranma: nazari asas va texnoloji mexanizm

Adaptiv dyrenma sistemi Oyrananin performansina asasan real vaxt rejiminda tadris
mazmununu dayisan modeldir. Onun asas komponentlari: diagnostik giymatlandirma, davamli
monitoring, algoritmik garar mexanizmi va fardi mazmun xaritasidir. Sistem har cavabdan sonra
ehtimal modelini yenilayir va névbati addimi secir, belslikls, “bir program hami tg¢lin” modeli
yerina “fardi 6yranma trayektoriyasi” modeli tatbig olunur (Holmes et al., 2019; UNESCO, 2021).

Bu model sagirdin éyranma tempini, diggat sahalarini va dyranma davranislarini analiz
edir. Adaptiv sistemlar hamginin grup dinamikasiniizlayarak, sinifda farqgli saviyyali sagirdlarin ham
fardi, ham da kollektiv 6yranma trayektoriyalarini optimallasdirir.

Didaktik Gsttinlaklar va pedaqoji tasir

— Adaptiv va Al asasli IKT modellari asagidaki Gstiinliklsrs malikdir:

Fardilasdirma — har sagird 6z slratinda va ¢atinlik saviyyasinda iralilayir.

— Motivasiya artimi — uygun ¢atinlik saviyyasi “ugur ehtimalin1” artirir va motivasiyani
goruyur.

— Geri bildirimin operativliyi — darhal ray éyranmani méhkamlandirir.

— Metakognitiv dastak — sagird 6z inkisafini izlaya bilir, zaif sahalari gorir va 6zini
tanzimlayir.

Arasdirmalar gostarir ki, fardilasdirilmis adaptiv muhitlerde davamlilig ve tapsiriq
tamamlama faizi ananavi modellarle miqayisada daha yuksak olur (Luckin et al., 2016). Bu da
oyranmanin ssmaraliliyini artirir va maallimlar G¢lin ham strateji, ham da amaliyyat planlamasinda
ahamiyyatli malumatlar tamin edir.

Muallim rolunun transformasiyasi

Texnologiyanin giclanmasi misallimi avaz etmir, onun rolunu dayisir:

— Malumat étlrdcidan - dyranma dizaynerina

— Qiymatlandiriciden = analitik gararverana

— Nazaratgidan — fasilitatora

Muallim Al sistemlarinin taqdim etdiyi analitik malumatlari sarh edir va pedaqoji garara
cevirir. Bu model “insan + masin” amakdasligina asaslanir (Holmes et al.,, 2019). Muallim
sagirdlarin fardi ehtiyaclarini nazara alaraq dars planlarini va tapsiriglari tanzimlayir, Al tarafindan
verilan tdvsiyalardan istifada edir, lakin pedaqoji gararlar hala da insana aiddir.

Risklar va etik masalalar

Al tatbiglarinda diggat yetirilmasi vacib olan risklar:

— Mbalumat tshlikasizliyi — sagird malumatlarinin toplanmasi va emali etik ¢arcivada
apariimalidir.
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— Algoritmik garaz — talim verilanlari garazlidirss, naticalar da garazli ola bilar.

— Ragamsal barabarsizlik — texnologiyaya cixis farglari natice barabarsizliyi yarada bilar.

— Pedaqoji sadalasma riski — haddindan artiq avtomatlasdirma dars prosesinda darinliyi
azalda bilar (UNESCO, 2021).

Yeni metodoloji yanasmalar va praktik tatbig ssenarilari

Hibrid adaptiv model — Al + misllim garari birlikda islayir.

Mikro-adaptiv mazmun — tapsiriq daxilinda ¢atinlik dinamik dayisir.

Analitika asasli kurikulum dizayni — malumatlar program yenilanmasina yon verir.

Stni intellekt dastakli formativ giymatlondirma — giymatlendirma tadrisin ayrilmaz
hissasina ceuvrilir.

Praktik tatbig niUmunalari: riyaziyyat ve programlasdirmada adaptiv tapsiriq banklari, dil
oyranmada saviyya asasli dinamik masqlar, STEM sahasinda simulyasiya asasl Al dastayi va erkan
xabardarlig sistemi ila riskli sagirdlarin askarlanmasi (Luckin et al., 2016; Holmes et al., 2019).

Natica

IKT artiq tahsilda kémakgi vasita deyil, transformator giica malik sistem komponentidir.
Suni intellekt va adaptiv 6yranma modellari tadrisi fardilasdirir, 6lclla bilan edir va daha samarali
gurmaga imkan verir. Bununla yanasi, etik, metodoloji va sosial risklar nazara alinmali, muallim
faktoru markazda saxlanmalidir. Galacayin effektiv tahsil modeli texnologiya va pedaqgogikanin
balansli integrasiyasina asaslanacaqgdir (Holmes et al., 2019; UNESCO, 2021; Luckin et al., 2016).
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Abstract. The presented study discusses the nature of language change caused by its
internal and external elements. It reviews changes brought about by internal and external factors.
Internal factors relate to the inherent laws of language development and include changes in
spelling, pronunciation, grammar, and vocabulary. External factors, on the other hand, are
connected with political, social, cultural, and educational conditions outside the language itself,
such as migration, military conquests, language contact, bilingualism, industrialization, social and
economic fluctuations, educational policy, and so on.

We discuss the existence of many different ways in which language changes occur, such as
language change during the learning process, linguistic change through social differentiation, and
linguistic change through natural processes arising from language use.

It is noted that in modern linguistics there is an increasingly widespread recognition of the
approach that language change should be considered as the result of the interaction between
internal and external factors. For example, structural possibilities (internal motivation) are
sometimes realized only when there is social pressure or a favorable context for the spread of
innovation. Consequently, a comprehensive analysis of language change requires consideration
not only of the logic of the linguistic system, but also of the social experience and behavioral
patterns of language users.

Keywords: language change, the nature of language change, internal and external elements.
Internal and External Elements of Language Change

The essential nature of language change can be expressed through four concepts:
inevitability, continuity, systematicity, and regularity.

Language change can generally be divided into two types: change caused by the structural
aspects of language itself — internally motivated change — and change conditioned by externally
motivated factors.

Internal factors relate to the inherent laws of language development and include changes
in spelling, pronunciation, grammar, and vocabulary. External factors, first and foremost, are
connected with the symbolic role of language in society. They are associated with political, social,
cultural, and educational conditions outside the language itself, such as migration, military
conquests, language contact, bilingualism, industrialization, social and economic fluctuations,
educational policy, and so on.

Internally motivated change usually leads to balance within the system, the elimination of
marked elements, the analogical spread of regular forms, or similar processes. Since languages
consist of different levels, a change at one level may cause imbalance at another. For example, a
change in pronunciation may affect the morphology of a language.

Another example of internal change is what is known as “analogy.” This term has several
meanings; however, its definition may be paraphrased as “the regularization of an irregular set of
forms (paradigms)” (Hickey, 2010: 3.1.1).
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Thus, internal language change is connected to the grammatical system. External language
change and development, on the other hand, are studied by sociolinguistics through the
examination of socio-cultural factors occurring within society that influence language.

The extent to which speakers are aware of language change depends on the level of
impact. A change involving a closed class of segments is not as noticeable to speakers as a change
occurring within an open class. An example of the latter type is lexical change, which is the easiest
for speakers to perceive.

Since ancient times, speakers have regarded language change as linguistic deterioration.
There are two main reasons for this. One is the general tendency toward stability and resistance
to change; the other is the association of language change with a particular social group.

A speaker may eventually adapt to a change, no matter how unpleasant it initially appears.
Language change is not the goal of speakers. Itis what is called an “epiphenomenon” — something
that happens, but not intentionally from a linguistic point of view. Epiphenomenon means that
change occurs due to internal or external causes — or a combination of both — but the change
itself is not deliberate. It is impossible to predict either internal or external language change
(Hickey, 2010: 3.1.3).

When members of a small group migrate to another region, they often shift to the
language of the host society. It is also possible that, as a result of large-scale migration, the local
population may shift to the migrants’ language. This is especially common in situations where the
local population is militarily defeated by the migrating group (Matiki, 1997: 4). Speakers of
languages with lower social status become bilingual as a result of language contact in order to
participate in the social, economic, and political life of the country. If government policy also
supports education only in the dominant nation’s language, the preservation of minority
languages becomes even more difficult, which directly affects the functioning of the language and
leads to changes within it.

Changes caused by language contact may contribute to the creation of new languages.
Linguistic systems that develop in the absence of a shared linguistic background among people
who need to communicate for trade, political, or other purposes are known as pidgins. Pidgins are
characterized by limited morphology, a stronger reliance on word order, and a relatively small
vocabulary. Some lexical items may be macaronic, meaning that they consist of elements from
two or more different languages, although this is not always the case (Grant, 2020).

There are many different ways in which language change can occur. One of them is
language change through the process of transmission and learning: language is transformed as it
is passed from one generation to another. Each individual must reconstruct grammar and
vocabulary on the basis of the linguistic input received from other members of the speech
community.

Language change may also occur through social differentiation. The desire for distinction
and social advancement has been considered one of the driving factors of linguistic change. Social
groups adopt specific styles of dress, ornamentation, gestures, behavioral norms, and other
distinguishing features, and language forms part of this process. Linguistic distinctiveness may be
achieved through vocabulary choices (such as slang or jargon), pronunciation, morphological
processes, syntactic constructions, and other linguistic features.

Sociolinguistic studies demonstrate that group identity is an especially important factor in
the context of language change. According to a widely held view, members of lower social classes
intentionally modified their speech in imitation of the social elite in order to improve their social
standing. At the same time, elite groups also altered their language in order to maintain distance
from the masses (Labov, 1994).
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William Labov, in his article The Social Motivation of a Sound Change, emphasizes the social
motivation behind linguistic change and demonstrates how sound change may function as a
means of expressing group identity (Labov, 1963).
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Abstract

This article addresses a conceptual gap at the intersection of pedagogical translation,
literature-based foreign language teaching, cross-linguistic mediation, and reflective writing.
Although translation has been reconsidered as a useful resource in language teaching, poetic
translation remains insufficiently modelled as a distinct classroom practice that links
interpretation, mediation, and learner reflection. Similarly, poetry is often valued for cultural and
literary engagement, while reflective writing is associated with metacognitive awareness;
however, these areas are rarely integrated into a single pedagogical framework. Using an
integrative conceptual review based on theory synthesis and model construction, this article
proposes the Poetic Translation Mediation Cycle. The model consists of seven stages: contextual
orientation, interpretive reading, lexical-semantic mapping, draft translation, mediation decision-
making, reflective translation commentary, and revision through discussion. The article does not
claim empirical effectiveness. Instead, it offers a theoretically grounded and classroom-oriented
framework for future application and research in foreign language teaching.

Keywords: poetic translation; foreign language teaching; pedagogical translation; cross-
linguistic mediation; reflective writing; literature-based language teaching

1. Introduction

Translation has long occupied a debated position in foreign language teaching. Because
of its historical association with the grammar-translation method, it has often been regarded as a
traditional practice that may encourage dependence on the first language, privilege written
accuracy, and reduce communicative use. However, recent scholarship has challenged this narrow
view. Translation is increasingly reconsidered not as a mechanical transfer of words, but as a
pedagogical resource that can support language awareness, intercultural understanding,
multilingual comparison, and learner reflection (Cook, 2010; Laviosa, 2014; Pintado Gutiérrez,
2021).

This reconsideration is particularly relevant in foreign language classrooms where
learners naturally compare linguistic systems and use their existing linguistic repertoires to
understand new texts. The CEFR Companion Volume strengthens this perspective by placing
mediation alongside reception, production, and interaction as a central mode of communication
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(Council of Europe, 2020). In this view, language users are not merely receivers or producers of
linguistic forms; they are social agents who make meaning accessible across linguistic, cultural,
textual, and communicative boundaries. Translation can therefore be understood as one possible
form of mediation.

Yet not all translation tasks are pedagogically equivalent. Translating isolated sentences,
informational texts, pragmatic messages, and poems involve different forms of linguistic and
interpretive work. Poetic translation is particularly complex because poetry condenses language.
It foregrounds metaphor, ambiguity, rhythm, sound, image, tone, cultural memory, and aesthetic
effect. A learner translating a poem cannot rely only on lexical equivalence or grammatical
accuracy. The learner must first interpret how meaning is produced in the poem and then decide
how that meaning can be reconstructed in another language.

For this reason, poetic translation deserves a more specific pedagogical model than
general arguments in favor of classroom translation can provide. The literature on pedagogical
translation has helped rehabilitate translation as a language-learning tool, but it often discusses
translation broadly. The literature on poetry and literature in foreign language teaching has shown
that literary texts can support close reading, cultural awareness, critical thinking, and aesthetic
engagement (McKay, 1982; Paesani, 2011). However, it does not always explain how translation
can structure these processes. Similarly, reflective writing has been widely discussed as a tool for
metacognitive awareness, yet its specific role in making poetic translation decisions visible remains
underdeveloped (Knospe, 2018; Warnsby, Kauppinen, & Finnegan, 2021).

The central gap addressed in this article is therefore not the absence of studies on
translation, poetry, mediation, or reflection separately. Rather, the gap lies in the insufficient
integration of these areas into a single pedagogical model. Existing literature has not adequately
systematized poetic translation as a mediation-based classroom cycle that connects interpretive
reading, translation decision-making, reflective commentary, and revision.

This article responds to that gap through an integrative conceptual review. It brings
together four bodies of literature: pedagogical translation, CEFR-based mediation, poetry and
literature in foreign language teaching, and reflective writing/metacognition. The purpose is not
to measure the effectiveness of poetic translation in a particular classroom or to present empirical
findings about learner development. Instead, the article uses theory synthesis and model
construction to develop a conceptual framework for organizing poetic translation as cross-
linguistic mediation in foreign language teaching.

The article is guided by the following question: How can poetic translation be
theoretically modelled as a cross-linguistic mediation practice that integrates interpretive reading,
translation decision-making, reflective writing, and revision in foreign language teaching?

The main result of the article is the Poetic Translation Mediation Cycle, a seven-stage
pedagogical model consisting of contextual orientation, interpretive reading, lexical-semantic
mapping, draft translation, mediation decision-making, reflective translation commentary, and
revision through discussion. The contribution of the article is conceptual and pedagogical.
Conceptually, it reframes poetic translation as a form of cross-linguistic mediation. Pedagogically,
it proposes a structured model that teachers and researchers can adapt for classroom design,
reflective translation tasks, and future empirical studies.

2. Literature Background and Research Gap

The article is located at the intersection of four areas: pedagogical translation, CEFR-
based mediation, poetry/literature in foreign language teaching, and reflective writing. Each area
contributes important insights to language pedagogy. However, they have not been sufficiently
integrated into a model that explains how poetic translation may function as cross-linguistic
mediation linking interpretation, translation decision-making, reflection, and revision.
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2.1. Pedagogical Translation and Language Teaching

Translation has often been treated with caution in modern language pedagogy because
of its association with the grammar-translation method. Nevertheless, recent work has questioned
the exclusion of translation from foreign language teaching. Cook (2010) argues that translation
deserves reassessment because learners naturally compare languages and because translation
can relate the target language to learners' existing linguistic resources. Laviosa (2014) similarly
proposes a translation-based pedagogy that connects language learning, culture, and translation
within the same educational environment.

This renewed interest has helped move translation beyond its older association with
mechanical sentence conversion. Translation can now be viewed as a pedagogical tool for
language awareness, intercultural comparison, textual analysis, and multilingual learning. Pintado
Gutiérrez (2021) further shows that translation in language teaching, pedagogical translation, and
code-switching require careful conceptual boundary-setting in classroom contexts.

However, this literature often discusses translation in broad terms. Translating isolated
sentences, cultural references, pragmatic messages, and poems are not the same type of task.
Poetry translation requires particular attention because it involves not only linguistic transfer but
also interpretive, aesthetic, and cultural decision-making. This creates the first gap addressed in
the article: poetic translation remains insufficiently systematized as a distinct form of pedagogical
mediation.

2.2. Mediation and Cross-Linguistic Meaning-Making

The CEFR Companion Volume offers an important framework for reconsidering
translation in contemporary language teaching. Mediation is presented as one of the major modes
of communication, alongside reception, production, and interaction (Council of Europe, 2020). In
mediation, learners do not only receive or produce language; they help make meaning accessible
across linguistic, cultural, semantic, or communicative barriers.

This concept is especially relevant to poetic translation. A learner translating a poem does
not simply transfer a text from one language to another. The learner interprets the poem,
identifies significant meanings and effects, decides which elements can be preserved or
transformed, and reformulates them for a new linguistic and cultural audience. In this sense,
poetic translation can be understood as cross-linguistic mediation.

ZindZiuviené (2023) emphasizes that mediation is increasingly relevant in foreign
language classes because it involves explaining, reformulating, and facilitating meaning. This
supports the argument that poetic translation should be framed not as a narrow linguistic exercise
but as a form of mediated meaning-making. However, mediation theory does not by itself provide
a classroom sequence for poetry translation. This creates the second gap: a specific mediation-
based cycle for poetic translation in foreign language teaching remains underdeveloped.

2.3. Poetry, Literature, and Interpretive Reading

The literature on literature in foreign language teaching has shown that literary texts can
support cultural awareness, close reading, discussion, aesthetic response, and critical thinking.
McKay (1982) argues that literature can have a meaningful place in ESL classrooms if texts are
carefully selected and pedagogically mediated. Paesani (2011) also calls for more integrated
language-literature instruction, suggesting that literary texts can bridge linguistic development
and interpretive engagement.

Poetry is especially valuable because it condenses language and foregrounds metaphor,
sound, ambiguity, rhythm, symbolic meaning, and emotional intensity. These features make
poetry difficult for learners, but they also make it pedagogically rich. Poetry encourages learners
to slow down and attend to how language produces meaning. Maley and Duff (1989) show that
poetry can be used in the language classroom not only for literary appreciation but also for

language awareness, discussion, and creative engagement.
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Recent work on poetry translation in educational contexts provides an even closer basis
for the argument of this article. Beauvais (2019) examines children's poetry translation in the
literature classroom and shows how translation can produce an emergent literary awareness.
Brookman and Robinson (2016) connect translation, creativity, and the teaching of poetry,
demonstrating that translation can become a productive pedagogical activity rather than a
secondary linguistic exercise.

Nevertheless, poetry pedagogy often focuses on reading, discussion, appreciation, or
creative response. It does not always explain how translation can intensify interpretive reading.
When learners translate a poem, they must decide how an image works, whether a metaphor
should be preserved or adapted, whether ambiguity should remain open, and how culturally
marked expressions can be reconstructed in the target language. Translation therefore turns
interpretation into an active and consequential process. This creates the third gap: the specific
role of poetic translation in deepening interpretive reading has not been sufficiently modelled.

2.4. Reflective Writing and Translation Commentary

Reflective writing has been widely discussed as a means of developing metacognitive
awareness. In foreign language teaching, reflection can help learners become aware of their
learning strategies, difficulties, progress, and decision-making processes. Knospe (2018)
emphasizes the importance of metacognitive knowledge in foreign language writing, while
Warnsby et al. (2021) show how reflective writing in ESL contexts can provide access to
metacognition and inform curriculum design and assessment.

This is directly relevant to poetic translation. A translation product alone does not fully
reveal the learner's thinking. A student may produce a target-language version of a poem, but the
teacher may not know why a metaphor was changed, why rhythm was abandoned, why a cultural
image was simplified, or why a literal expression was preserved. Without reflection, poetic
translation remains primarily a product. With reflection, it becomes evidence of interpretive and
strategic reasoning.

Translation studies has also developed work on translation commentary, guided
commentary, and self-reflection. Shei (2005) presents translation commentary as a bridge
between translation curriculum and English for Academic Purposes. Shih (2018) re-examines
translation commentary from the perspective of translator educators and highlights its
pedagogical and assessment value. Norberg (2014) emphasizes the value of guided commentaries
in fostering self-reflection among translation students, while Pietrzak (2019) argues for scaffolding
student self-reflection in translator training.

However, reflective writing has not been sufficiently conceptualized as a tool for making
poetic translation decisions visible, discussable, and assessable in foreign language teaching. This
article responds to that gap by proposing Reflective Translation Commentary as a component of
the Poetic Translation Mediation Cycle.

2.5. The Combined Gap

Taken separately, the four literatures discussed above provide important insights.
Pedagogical translation rehabilitates translation as a language-learning resource. CEFR-based
mediation offers a theoretical language for cross-linguistic meaning-making. Poetry pedagogy
highlights the interpretive and aesthetic value of literary texts. Reflective writing explains how
learners can become aware of their own thinking.

Yet their intersection remains insufficiently systematized. Existing literature does not
adequately explain how poetic translation can be organized as a mediation-based classroom cycle
that moves from contextual orientation and interpretive reading to translation decision-making,
reflective commentary, and revision through discussion. In response, the article proposes the
Poetic Translation Mediation Cycle as a theory-informed pedagogical framework for foreign
language teaching.
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3. Methodological Approach: Integrative Conceptual Review

This article adopts an integrative conceptual review as its methodological approach. Since
the purpose is not to measure the effectiveness of poetic translation in a specific classroom
setting, it does not employ experimental, survey-based, ethnographic, or statistical methods. No
learner translations, classroom observations, interviews, or assessment scores are analyzed.
Instead, the article develops a theoretically grounded pedagogical model by synthesizing related
bodies of literature.

The choice of an integrative conceptual review is appropriate for two reasons. First, the
central problem is distributed across different research areas rather than located within one field.
Pedagogical translation, mediation, poetry/literature pedagogy, and reflective writing each
explain part of the problem, but none of them alone provides a complete model for poetic
translation as a mediation-based classroom practice. Second, the article aims not simply to
summarize existing literature, but to reorganize it conceptually in order to propose a pedagogical
framework.

This methodological orientation is consistent with the view that literature reviews can
function as research methodologies when conducted with explicit purpose, structure, and
analytical logic (Snyder, 2019). It also corresponds to Jaakkola's (2020) account of conceptual
articles, particularly the use of theory synthesis and model construction as legitimate forms of
conceptual contribution.

The review followed four analytical stages. First, the relevant conceptual domains were
selected: pedagogical translation, CEFR-based mediation, poetry/literature in foreign language
teaching, and reflective writing/metacognition. Second, the main contribution and limitation of
each domain were mapped. Third, these domains were synthesized through a cross-domain logic:
poetry requires interpretive reading; translation requires reformulation; poetic translation
requires mediation decisions; mediation decisions become pedagogically visible through reflective
writing; and reflection and discussion allow revision. Fourth, this synthesis was used to construct
the Poetic Translation Mediation Cycle.

The methodological scope of the article is conceptual rather than empirical. Therefore,
the article does not claim that the proposed model improves learners' interpretive reading, writing
ability, translation competence, or metacognitive awareness. Such claims would require
classroom-based empirical studies. The value of the method lies instead in conceptual clarification
and pedagogical model-building.

4. The Poetic Translation Mediation Cycle

The main conceptual result of this article is the Poetic Translation Mediation Cycle. The
model organizes poetic translation as a structured form of cross-linguistic mediation in foreign
language teaching. It does not present poetic translation as a mechanical transfer from a source
text into a target text. Rather, it frames poetic translation as a process in which learners interpret
a poem, identify linguistic and aesthetic difficulties, make mediation decisions, explain those
decisions through reflective commentary, and revise their translations through discussion.

The model should be understood as a flexible pedagogical framework rather than a rigid
instructional sequence. Teachers may adapt its stages according to learner proficiency, language
pair, poetic tradition, classroom time, and curricular aims. However, the order of the stages
reflects an important principle: learners should not be asked to translate poetry before they have
been guided to interpret it. In this model, translation comes after contextual and interpretive
preparation, and reflection comes after translation.
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4.1. Stage Overview

Stage Learner task Pedagogical function
1. Contextual orientation Understand the poem's basic Prepares learners for
literary, cultural, and thematic meaningful interpretation

context

2. Interpretive reading Analyze imagery, tone, Develops close and

metaphor, ambiguity, and interpretive reading
structure

3. Lexical-semantic mapping Identify difficult words, Builds linguistic and semantic
images, cultural references, awareness

and semantic layers

4. Draft translation Produce an initial target- Transforms interpretation into
language version cross-linguistic production

5. Mediation decision-making | Examine what is preserved, | Makes translation a conscious
adapted, transformed, mediation process
omitted, or compensated

6. Reflective translation Explain major translation Develops metacognitive and
commentary decisions in writing reflective awareness

7. Revision through discussion Compare versions, discuss Turns translation into dialogic
alternatives, and revise and process-based learning

4.2. Contextual Orientation and Interpretive Reading

The first stage is contextual orientation. Before translating a poem, learners need
sufficient contextual preparation to approach it as a meaningful literary and cultural text. This
preparation may include brief information about the poet, historical background, genre, central
theme, cultural references, and key symbolic elements. The aim is not to provide an exhaustive
literary lecture, but to create the minimum conditions required for interpretation.

This stage is especially important because poetic meaning often depends on cultural
memory, intertextual references, religious or philosophical vocabulary, and historically specific
images. Without contextual support, learners may reduce the poem to isolated words or
dictionary meanings. With excessive explanation, however, learners may become passive
receivers of the teacher's interpretation. Therefore, contextual orientation should be selective,
functional, and open-ended (McKay, 1982; Paesani, 2011).

The second stage is interpretive reading. Learners read the poem not only for literal
comprehension but also for meaning-making. They examine how the poem produces its effects
through imagery, metaphor, tone, repetition, rhythm, contrast, ambiguity, and silence. The
guiding question is not simply "What does the poem say?" but "How does the poem create
meaning?" Work on language-literature instruction and poetry translation similarly emphasizes
the need to connect literary reading with active meaning-making (Paesani, 2011; Beauvais, 2019).

4.3. Lexical-Semantic Mapping and Draft Translation

The third stage is lexical-semantic mapping. After interpretive reading, learners identify
words, phrases, images, and expressions that may create translation difficulties. These may
include metaphors, idioms, archaic terms, culturally marked expressions, sound patterns, symbolic
images, or emotionally charged vocabulary. The purpose of this stage is to prevent students from
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moving too quickly from source word to target equivalent. In poetry, a word may carry literal
meaning, metaphorical meaning, cultural association, emotional tone, and sound value at the
same time.

The fourth stage is draft translation. Learners produce an initial target-language version
of the poem or selected lines. This draft should be understood as provisional. Its purpose is not to
produce a perfect literary translation, but to transform interpretation into cross-linguistic
production.

Draft translation is pedagogically important because it exposes the gap between
understanding and expression. Learners may feel that they understand the poem during
discussion, but translation requires them to reconstruct that understanding in another linguistic
system. A metaphor may resist direct transfer; rhythm may disappear; a cultural expression may
sound strange; an emotionally subtle line may become too explicit or too weak. This productive
difficulty is one of the main values of poetic translation. It forces learners to recognize that
meaning is produced through the relation between words, images, cultural expectations, sound,
form, and reader response (Laviosa, 2014; Beauvais, 2019).

4.4. Mediation Decision-Making

The fifth stage is mediation decision-making. This is the conceptual center of the model.
At this stage, learners examine the decisions behind their draft translations. They ask not only
whether their translation is correct, but what kind of mediation it performs.

A poetic translation decision may involve preserving an image, adapting an image,
explaining a cultural reference, maintaining ambiguity, prioritizing semantic meaning over rhythm,
prioritizing poetic effect over literal accuracy, compensating for a lost sound or image, or leaving
a foreign element visible in order to preserve cultural distance.

This stage reframes translation as conscious mediation. The learner becomes aware that
translation involves choices between competing values: accuracy, readability, aesthetic effect,
cultural resonance, ambiguity, rhythm, and emotional tone. This corresponds to the CEFR-based
understanding of mediation as meaning-making across linguistic and cultural boundaries (Council
of Europe, 2020). It also resonates with translation competence research, where strategic
decision-making and task awareness are central to translation development (Hurtado Albir, 2015).

4.5. Reflective Translation Commentary

The sixth stage is reflective translation commentary. This component makes the learner's
reasoning visible. A translation product alone does not show why a student made certain choices.
The commentary allows learners to explain their interpretive and translational decisions in writing.

Reflective translation commentary should be short, focused, and guided. It should not
become a general emotional response to the poem. Instead, it should ask learners to identify and
justify specific decisions. Useful prompts include: What was the most difficult element of the poem
to translate? Which word, image, or line required the most important decision? What did you try
to preserve from the original? What did you change, adapt, or omit? Was anything lost in
translation? Did you try to compensate for that loss? What effect did you want to create for the
target-language reader? If you revised the translation, what did you change and why?

This stage connects poetic translation with metacognitive awareness. Learners begin to
think about their own thinking. They become aware of strategies, uncertainties, compromises, and
interpretive assumptions. Translation commentary has already been discussed as a valuable
bridge between translation curriculum, academic writing, assessment, and learner reflection (Shei,
2005; Shih, 2018). Guided commentary and scaffolded self-reflection have also been shown to
support reflective development in translator training contexts (Norberg, 2014; Pietrzak, 2019).
This article adapts those insights to poetic translation in foreign language teaching.
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4.6. Revision Through Discussion

The final stage is revision through discussion. Learners compare different translations,
discuss alternatives, and revise their own versions. This stage emphasizes that translation, like
writing, is a process. A first draft is not the end of learning; it is the basis for reflection, dialogue,
and improvement.

Discussion should not be organized around finding one correct translation too quickly.
Instead, the teacher can guide students to compare versions according to specific criteria: Which
version preserves the central image more effectively? Which version communicates the emotional
tone better? Which version keeps the ambiguity of the original? Which version sacrifices poetic
effect for literal accuracy? Which choices are best justified in the reflective commentary?

Through comparison, learners see that translation is not only a linguistic operation but
also a dialogic act of interpretation. Different translations reveal different readings of the same
poem. Revision through discussion therefore develops linguistic sensitivity, interpretive tolerance,
and reflective awareness.

4.7. The Logic of the Cycle

The seven stages of the Poetic Translation Mediation Cycle are connected by a clear
pedagogical logic. Contextual orientation prepares learners for interpretation. Interpretive
reading helps them identify what matters in the poem. Lexical-semantic mapping turns
interpretation into linguistic awareness. Draft translation transforms reading into cross-linguistic
production. Mediation decision-making makes translation choices conscious. Reflective
translation commentary makes those choices visible and assessable. Revision through discussion
turns the process into collaborative learning.

The model integrates four dimensions of foreign language teaching: an interpretive
dimension, in which learners analyze poetic meaning; a linguistic dimension, in which they
compare meanings and forms across languages; a mediational dimension, in which they
reconstruct meaning for another linguistic and cultural audience; and a reflective dimension, in
which they explain and revise their decisions.

The originality of the model does not lie in inventing each stage separately. Contextual
preparation, close reading, drafting, reflection, and revision are already familiar educational
practices. The originality lies in integrating them into a mediation-based cycle specifically designed
for poetic translation in foreign language teaching.

5. Pedagogical Implications for Foreign Language Teaching

The Poetic Translation Mediation Cycle has several implications for foreign language
teaching. Since the model is conceptual rather than empirically validated, these implications
should not be read as proven classroom effects. Rather, they indicate how poetic translation may
be organized pedagogically if teachers wish to use it as a structured mediation-based activity.

5.1. Text Selection and Scaffolding

Not every poem is suitable for foreign language learners, and not every poem is suitable
for translation-based classroom work. Teachers should select texts according to linguistic level,
cultural accessibility, poetic density, length, and pedagogical purpose. A poem that is too
linguistically complex may create frustration rather than interpretation. A poem that is too
culturally distant may require so much explanation that learners become passive. Conversely, a
poem that is too simple may not generate meaningful translation decisions.

For lower and intermediate levels, short poems, selected stanzas, couplets, or image-
based texts may be more appropriate than long and formally complex poems. At advanced levels,
more demanding poetic texts can be introduced, especially when learners have enough linguistic
and cultural knowledge to discuss metaphor, ambiguity, intertextuality, and tone. This implication
is consistent with literature-based language pedagogy, which emphasizes text selection, learner
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readiness, and meaningful engagement with literary language (McKay, 1982; Maley & Duff, 1989;
Paesani, 2011).

Scaffolding is equally important. Translation should not be the first classroom task. If
learners are asked to translate a poem immediately, they may rely on dictionaries, literal
substitution, or surface-level equivalence. Contextual orientation, interpretive reading, and
lexical-semantic mapping should therefore precede draft translation.

5.2. Translation as Decision-Making

The model changes how translation is explained to learners. In many classroom contexts,
students assume that translation means finding the correct equivalent. This assumption is
especially problematic in poetry, where a word, image, or line may carry several meanings at once.
Teachers should therefore present poetic translation as decision-making rather than equivalence-
seeking.

This does not mean that accuracy becomes irrelevant. Learners still need to understand
the source text and produce a coherent target-language version. However, accuracy must be
balanced with other values: imagery, tone, rhythm, ambiguity, cultural resonance, emotional
effect, and readability. Students should learn that translation often involves choosing between
competing priorities. This process-oriented view is consistent with translation-based pedagogy
and translation competence research, both of which emphasize strategic awareness and task-
based decision-making (Laviosa, 2014; Hurtado Albir, 2015).

A useful classroom question is not simply "Is this translation correct?" but "What does
this translation preserve, and what does it lose?" This question helps learners think like mediators.
A literal translation may preserve source structure but weaken poetic effect. A freer translation
may sound natural but lose cultural specificity. An explanatory translation may clarify meaning but
reduce ambiguity.

5.3. Reflective Translation Commentary

One of the strongest pedagogical implications of the model is the use of Reflective
Translation Commentary. After producing a draft translation, learners should write a short
commentary explaining their main choices. This commentary may consist of one paragraph or a
set of guided responses. What matters is that learners articulate the reasoning behind their
decisions.

This practice has several benefits. First, it makes the learner's thinking visible. Second, it
helps students become aware of translation as a process. Third, it gives teachers a richer basis for
assessment. Fourth, it connects translation with academic writing because students must justify
their choices using textual reasoning. These functions are supported by translation commentary
and guided self-reflection research, which has shown that commentary can help learners
articulate and evaluate translation decisions (Shei, 2005; Shih, 2018; Norberg, 2014; Pietrzak,
2019).

Reflective commentary is especially useful in poetry translation because the final product
alone may be misleading. A student's translation may appear unusual, but the commentary may
reveal a thoughtful interpretive decision. Another translation may be fluent, but the commentary
may show that the learner ignored key imagery or cultural meaning. Assessment should therefore
include both the translation and the commentary.

5.4. Assessment and Classroom Discussion

The model requires a broader approach to assessment. If poetic translation is assessed
only according to lexical accuracy or grammatical correctness, its interpretive and mediational
dimensions are lost. Teachers should develop rubrics that include several dimensions: source-text
understanding, interpretive awareness, cross-linguistic reformulation, mediation decision-making,
reflective commentary, target-language expression, and revision. Translation competence and
reflective writing research both support the need for assessment approaches that consider
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process, decision-making, and learner awareness rather than product accuracy alone (Hurtado
Albir, 2015; Warnsby et al., 2021).

Classroom discussion should also value multiple translations. Poetry translation should
not be organized around the immediate discovery of one correct answer. Different students may
produce different versions, and these differences can become valuable material for discussion.
Teachers may ask which version preserves the central image more successfully, which version
sounds more natural in the target language, which version keeps ambiguity, and which decisions
are best justified in the reflective commentary.

Such discussion helps learners understand translation as a dialogic process. It also
teaches them to evaluate language choices critically. Instead of seeing difference only as error,
students learn to see difference as an opportunity for interpretation.

5.5. Adaptation to Learner Levels and Teaching Contexts

The Poetic Translation Mediation Cycle can be adapted to different teaching contexts. In
a short classroom activity, the teacher may use only selected stages: interpretive reading, draft
translation, and reflective commentary. In a longer lesson, all seven stages can be included. In a
project-based course, students may prepare revised translations, commentaries, and comparative
presentations.

The model can also be adapted for different learner levels. At lower levels, students may
translate only key images, short lines, or selected phrases. At intermediate levels, they may
translate stanzas and write short commentaries. At advanced levels, they may compare multiple
published translations, analyze strategies, and produce more developed reflective essays.

A plurilingual perspective is also relevant. Learners do not need to treat their first
language as an obstacle. Instead, they can use their full linguistic repertoire to compare meanings,
test alternatives, and understand how languages organize poetic experience differently. In this
sense, poetic translation can help learners develop a more flexible and comparative awareness of
language, consistent with the mediation-oriented logic of the CEFR Companion Volume (Council
of Europe, 2020).

6. Discussion

The Poetic Translation Mediation Cycle should be understood as a conceptual
contribution to the intersection of pedagogical translation, mediation, poetry pedagogy, and
reflective writing. Its value lies not in presenting poetic translation as a new classroom technique,
but in reorganizing existing pedagogical and theoretical concerns into a coherent model.

First, the model contributes to pedagogical translation by specifying the distinct nature
of poetic translation. Previous scholarship has argued that translation should not be automatically
rejected because of its association with the grammar-translation method (Cook, 2010; Laviosa,
2014). This article extends that argument by showing that poetic translation is not merely a more
difficult version of ordinary translation. It requires learners to negotiate meaning, image, rhythm,
ambiguity, tone, cultural reference, and aesthetic effect. In this sense, poetic translation makes
the interpretive dimension of translation visible.

Second, the model contributes to mediation theory by applying the CEFR-based concept
of mediation to poetry translation. When learners translate a poem, they do not merely transfer
a text into another language. They mediate between poetic traditions, semantic layers, cultural
associations, aesthetic effects, and target-language readers. The model also extends mediation
into the learner's reflective process: Reflective Translation Commentary allows students to make
their own decisions intelligible to teachers and peers.

Third, the model contributes to poetry and literature-based foreign language teaching.
Poetry is often valued for cultural and aesthetic engagement, but it may remain an occasional
literary activity if it is not pedagogically structured. The Poetic Translation Mediation Cycle treats
poetry as a serious site of linguistic, interpretive, intercultural, and reflective work. Translation
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intensifies interpretation because it requires learners to decide how meaning, tone, and effect can
be recreated in another language. This is consistent with educational work showing that poetry
translation can generate literary awareness and creative engagement (Beauvais, 2019; Brookman
& Robinson, 2016).

Fourth, the model contributes to reflective writing by proposing Reflective Translation
Commentary as a classroom tool. Reflective writing has often been used to support metacognitive
awareness (Knospe, 2018; Warnsby et al., 2021), but its role in poetic translation pedagogy has
not been sufficiently developed. In the proposed model, reflection is not a general personal
response. It is a focused explanation of translation decisions: what was preserved, changed, lost,
compensated for, and intended for the target reader.

The theoretical significance of the model lies in its integrative character. It does not claim
that contextual orientation, close reading, drafting, reflection, or revision are new practices in
themselves. The originality lies in bringing them together within a mediation-based framework
specifically designed for poetic translation in foreign language teaching. In this way, the model
offers a structured answer to the gap identified earlier in the article.

7. Limitations and Future Research

The argument developed in this article has several limitations. Since the article proposes
a conceptual and pedagogical framework, it does not provide empirical evidence about the
effectiveness of the Poetic Translation Mediation Cycle in actual classroom settings. It does not
analyze learner translations, reflective commentaries, classroom observations, interviews, test
scores, or assessment results. Therefore, it cannot claim that the model improves learners'
interpretive reading, writing ability, translation competence, intercultural awareness, or
metacognitive development.

Future research should test the model in real teaching contexts. Qualitative studies may
analyze students' translation drafts and reflective commentaries to understand how learners
make mediation decisions. Classroom observations may show how students discuss alternative
translations and how teachers scaffold interpretation. Interviews may reveal how learners
perceive poetry translation tasks. Mixed-methods studies may examine whether repeated use of
the cycle supports vocabulary depth, interpretive reading, reflective writing, or translation
strategy awareness.

One important area for future research is Reflective Translation Commentary. Future
studies should investigate whether students focus mainly on vocabulary or also discuss imagery,
tone, ambiguity, rhythm, and cultural meaning; whether they can identify what is lost or
transformed in translation; and whether commentary quality improves after repeated practice.
Previous research on translation commentary and self-reflection offers a useful starting point for
designing such studies (Shei, 2005; Shih, 2018; Pietrzak, 2019).

The model also needs to be examined across language pairs, poetic traditions, and learner
levels. Translating classical Persian poetry into Azerbaijani or Turkish may involve issues of shared
cultural memory, Sufi terminology, metaphorical convention, and historically connected literary
traditions. Translating the same poetry into English may create different challenges related to
cultural distance, symbolic density, rhythm, and untranslatable concepts. Therefore, future
research should examine which stages of the model are widely useful and which require local
adaptation.

Finally, teacher preparation and assessment require further attention. Teachers need to
guide literary interpretation, explain translation as decision-making, support reflective writing,
manage discussion of multiple versions, and assess both translation products and commentaries.
Future work should develop sample lesson plans, rubrics, reflective prompts, annotated poetry
translation tasks, and model student commentaries.
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8. Conclusion

This article addressed a conceptual gap in foreign language teaching. Pedagogical
translation has increasingly challenged the exclusion of translation from language classrooms.
CEFR-based mediation has provided a broader framework for understanding language users as
social agents who make meaning accessible across linguistic and cultural boundaries. Poetry
pedagogy has shown that literary texts can support interpretation, aesthetic awareness, and
cultural engagement. Reflective writing has demonstrated the value of making learners' thinking
visible. However, these areas have not been sufficiently integrated into a single model explaining
how poetic translation can function as cross-linguistic mediation.

To respond to this gap, the article adopted an integrative conceptual review based on
theory synthesis and model construction. The result is the Poetic Translation Mediation Cycle, a
seven-stage pedagogical model consisting of contextual orientation, interpretive reading, lexical-
semantic mapping, draft translation, mediation decision-making, reflective translation
commentary, and revision through discussion.

The central argument of the article is that poetic translation should be understood as
cross-linguistic mediation. A learner translating a poem does not simply replace source-language
words with target-language words. The learner negotiates images, tones, ambiguities, cultural
associations, aesthetic effects, and reader expectations. In this sense, poetic translation is not a
secondary activity that follows comprehension. It is a continuation of interpretation through
another language.

The model's main contribution is its process-oriented view of poetic translation. The final
translated text is not treated as the only evidence of learning. Equally important are the learner's
interpretive reading, mediation decisions, reflective commentary, and revisions. This shift allows
teachers to evaluate not only whether a translation is accurate, but also how the learner
understood the poem, what problems were recognized, which choices were made, and how those
choices were justified.

At the same time, the argument must remain limited. The Poetic Translation Mediation
Cycle is not presented as an empirically proven method. The article does not claim that the model
automatically improves learners' reading, writing, translation competence, or intercultural
awareness. Its contribution is conceptual: it clarifies a neglected intersection in the literature and
offers a structured model for future pedagogical design and empirical research.

In conclusion, poetic translation should not be understood as a return to the grammar-
translation method. Nor should it be treated merely as an occasional literary exercise. Properly
scaffolded, it can become a mediation-based pedagogy of interpretation, reflection, and cross-
linguistic meaning-making. The Poetic Translation Mediation Cycle provides a conceptual
foundation for such a pedagogy and opens a path for future research on the role of poetic
translation in foreign language teaching.
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A.BAVTYPCbHIHY/1bl MbICA/TOAPBIH
ORbITYAbIH EPERLUE/TIKTEPI

KywKknmbaesa A.C.

PhD., KaybimaacTbipbinfaH npodpeccop, K.*KybaHoB aTbiHAaFbl AKTebe eHipik
yHuBepcuTeTi, AKkTebe, KasaKkcTaH

ToHipbepreHosa K.

dunonorns marmctpi, ara okbITyWbl K.*KybaHoB aTbiHAaFbl AKTebe eHipnik, AKkTebe,
KasaKkcTaH

XX facblpAblH, 6acbiHAa@ Kas3ak XanKbl aca ipi KOFaM/bIK-Caacu e3repicTepMeH KaTtap
ayKbIMZbl PyXaHW XKaHFblpynapapl Aa 6acTaH KewTi. YATTbIK MaAEHMUET neH aaebueTTiH, 6inim meH
FbINbIMHbBIH, TyblH KOTEpreH, *KYPTLWbIIbIKTbIH CaHacbiHa AEMOKPATUANLIK OMAap CiHipin, anfa
KeTeneyre yMTbIIFaH 3MAAbI TOM KanblNTAcTbl. XaAblKTblH, 3epAeciHe cayae TyCipin, CaHacbIH
OATKAH OCbl TONTbIH, PyxXaHW Kecemi AxmeT balTypcbiHOB eali. Ka3ak aybi3 aaebueTiHiH, 3epTTenyi
A.BalnTypcbiHOB neH X.JlocmyxamenoBTaH HacTay anapbl €e3ci3. ATanMblll FanbiMAapabiH, aybl3
2aebueTi Kalnbl anfallKbl Nikip-NnanbiMaaynapbl KeniHri GoNbKAOPUCT-3epTTeYLLINepre capa Ko
canapl. Ocbl oparga aTanfaH fanbiMAapAblH, Ha3apblHAH ThIC Ka/iMafaH MbICan XKaHPbl 43 aybl3
oaebueTiHeH 6OacTay anfaHAaplfblHa Ke3 eTkidyre 6Oonaabl.opuHe, GONbKAOPAbLI 3epTTen,
YKaHPAbIK afbl capanaHfaH eHbekTepfe KebiHece Mbican KaHpbl KanbiC Kanbin »KaTadbl,
[lereHMEH MbICan KeKe Typ peTiHae KapacTbipbliMaca Aa, 0N XKalblHAa a3abl-KenTi nikipnep bap.
«MblIcan - alTblNaTbiH 6HEreni oAbl TYCNanaan »KeTKi3eTiH, KebiHe e/1eH, TYPiHAe KeNeTiH CIOXKeTTI,
WafblH Kenemai Kepkem UWbirapma» [1, 36] gereH aHbiKTamara Me MblcanplH, TyN TOPKiHI
XanyaHaTTap Typanbl TyCnaaabl mafbiHacbl ©6ap epTeri, KbICKa aHriMenep HyCKanapbIMeH ¥a/ifacbin
aTbIp. BYHbIH KAaHWAaMbIKTbI A21e/i EKeHiH Ka3akK fa/ibiIMAapblHbIH OCbl ¥KaHpFfa 6alnaHbICTbl OM-
nikipnepimeH HaKTblNal TyCewnik.

Ka3sak aaebueTiHiH, Kewbacwsbicbl, yabl fanbiM AXmeT BalTypcbiHOB Ka3ak, GO/IbKAOPbIH
cypbInTan, capasayda MbICan ¥aHpPblH Ha3zapAaH TbiC Kanablpman, bipa3 ol Toafan, aHblKTama
bepeai. Fanbim Kannbl aybl3 94e0METIH XKyMcanybiHa Kapal ekire 6enepji:cayblkTama;capbiHaama.
CapblHAaMaHbl yWKe 6enenj:cant cesi;fypbln ce3i;Kkanbin ce3i: Mbicangapapl fanbiM  canT
KOMbIMEH aWTblNaTblH ce34ep ToOblHA *aTKbi3a OTbIPbIN,MblHaAaN aHblKTaMa KenTipei:
«ALAaMHbIH FamasblH, MiHE3iH, KY/IKbIH XKaHAbl, *KaHCbI3 HOPCE/iIep apKbl/bl CanT-CaHacbliHa CalKec
KepceTin eHereney mbicangay 6onaabi» [1, 37]. CoHbIMeH KaTap fanbiMHbIH 0i3 VLIiH MaHbI3abl
eckepTyi ae 6Hap: mbicangap KebiHece xalyaHZap LWbIKKAH epTerinepaeH anbiHaapl. OHAaawn
epTerinepae xalyaHgapfa afgamila Tin H6iTipin, agamila miHe3sgen, ic eTkisin, TypAai eHere
6onapnbik cunatTaHfaH. OpaH api fanbim nNikipi kenecigen: «Mbicanga aHgap, KycTap,
XalyaHaTTap, eciMAikTep ic-apeKeTi, MiHe3i apKblibl agam OOoWbiHAAFbl MiHAI, KeMLLiNiKTi
Tycnanzan, axkya Kyaki eteai... OcblHAAM WafblH Kenemai, okufanbl, agamsa cabak 60naTbiH
TafblIbIMABIK WblFapMaHbl Mbican aenai» [1, 37], - gen TyniHaen Tyceni.OpbICTbIH, Y/ibl ChIHLLbICHI
B.l.BennHckmin 6yn aHpapl: «CaTupara CyFapblafaH NO33MAHbIH, Hafbl3 epeKLie XaHpbi» aece [1,
300], akagemuk 3.Kabaonos «Mbican agamrepllinik MyKTaXKAblFblH ©Tey MaKCaTbiHAA *KaHp
peTiHae aaebueT apHacbiHa TOFbICTbI»,- Aenai [2, 300].C.1. PaaumnrtbiH, «KeHe rpek saebueTiHiH,
TapMXbl» aTTbl OKYNbIfbIHAA MbICa/ifa MblHaZ@an TyCiHikTemMe BepinreH: «Mbican — KeHe Xa/blK aybli3
2aebuneTiHiH KaHpbl Honbin ecenteneani. Cebebi, mbicanaapAblH Ma3MyHbIHAA XalyaHaTTap
3MOCbIHbIH, CapKblHbl CaKTanblN KanfaH. [JlereHMeH Tapuxu TypfblAaH anfaHAa MbICas XKaHpbl
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KYHAENIKTI eMipAeri KefeHci3 »Kafaalnap MeH afamrepllinik, i3rinik maceneciH HacuxaTTayfa
apHanfaH» [3, 300].

An, akapemmk 3etHonna Kabaonos mbican »KaHpbl TypacbiHAa MblHaHAAM MiKip YCTaHFaH:
«MblCas- 3MOCTbIK LWblFapManapdblH, iWiHAEr eH, KbICKa Typi. OpKallaH caTMpasiblK CMNATThI,
KebiHe aH, xalyaHaT, Kelde 3aT Typ/epi »asblnagbl Aa COJ apKblbl agam OOMbIHAAFbI MiH,
2/1eYMETTIK OpTadarbl KEMLLINIK, KY/IKIre, Kenekenre, masakka aHanAblpbIn, CbiIKakneH caHanaapbl.
Ma3myHbl Bykneni 6onfaHbIMEH, MAEACHI3, acTapcbl3, aWblK, Typa, Tii MipAiH OfblHAQN OTKIp,
WbIMLLbIMA, LWbIMbIP Keneai. Exkenri Mpeunsaaasbl aTbl Wyabl 330n (6.3.6. VIF.) weirapmanapbiH 63
anapiHa KOMFaHaa, MbiCan KeHe AyHUeAeH KyHi byriHre gemiH KebiHe eleHMEH a3blbin Kesei:
Ntannapa ®enp, PpaHumana fladoHteH, FepmanHuaga lennept, AHrnamagza Myp, Poccuaga
KpblsioB, KasakTa Abain — 6api conalt »kasfaH. bisgiH, TycbiMbi3aafbl Mblicanliblnapaad Ceprei
Mwuxankos neH Ackap TokmarambeToBTbl benin antyra 6onaabi»,-aenai [3, 312]. KeniHHeH »apbik,
KepreH goueHT M.M. MimaHfa3nMHOBTbIH «AHTUKa aaebueTi» aTThl eHberiHae aBTop: «Mbican -
dpifleH Kene »KaTKaH, 3MOCTbIH, WafblH Aa OTKip *KaHpbl. Mbican *aHpbl KeHe AayipaeH Oi3aiH,
3aMaHbIMbI3fa AEeWiHM 2/1eMHIH iprefli akblH a3ylbl/lapblHbiH, Ha3apbiHAa 00/FaH, Kbi3bIKTbl
dopMa, yFbIMabl MAaes, XanblK TYPMbICbIHA €T KaKblH cypeTTeynepre Tonbl aa4ebu xaHp» [4, 251]
[ereH TyXblpbiMaama ycbiHaapl.Jlecek Te, aybl3 24ebMEeTiH  OKbITyAa MbICan  KaHpbl
KapacTbipbliMait Keneai. byn eHiHae LU.bl6bipaes bGbinarwa Kasaapl: «LUbIHbIH alUTy Kepek,
Kasak aybi3 aaebueTiHe apHanfaH 3epTTeynep MeH OKyAblKTapAa anTbic NeH LWeleHAaiK
ce3aepaeH Hacka aTbl aTasbin, e/ TaHbIFaHbI XKeTi ceri3 KaHpnap 60ca, on Eypona xanblKTapblHbIH
donbKNopbIHAA Ke3aeceTiHAepi. AN MyHbIH, CbIPTbIHAA aTbl aTa/IMal, aTalca Aa KaTapfa Kipmen,
KyHi OyriHre aeniH xanblK *aAblHAa CaKTa biN KeAreH OHAafaH XXaHpaap MeH KaHPAbIK TypAepaiH,
He 3epTTeyllinep, He MHaylblnap TapanbiHaH INTUNAT KePMEN KeAreHiH HemeH TyCiHAipyre
6onaapi?» [4, 424].

®onbKNOPTaHYLLbI OCblNal Ael Kene, aybla aaebueTiHaeri 3epTTenMelt Kene KaTKaH
aHpAbIH Oipi Mbican eKeHAiriH atan KepceTedi Ae, Kas3aK aybl3 24e0MeTiH XKikTeyaiH »KaHa
TYP/EepiH yCbiHaAbl:CanTKa KaTbiCTbl GONbKAOP;CaNTKa KaTtbiccbi3 donbknop.CanTka KaTblCCbl3
donbknopabl api Kapar pum undpnapbiMeH atan kepcetei. [l InuKanbik Npo3anbik Kanpnap; .
Snukanbik KaHpnap; Y. Kiwi »kaHpnap; Y. WeweHaik cesaep; YI. Mbican. fanbim LU.bl6bipaes
OCblNallla MbICan KaHPbIH aybl3 84ebMeTiHiH 83re Ae TypAepiMeH KaTap Konbin, benek TonTanabl.
CoHbIMEH KaTap o/ Mblcanabl OypbiH COHAbLI Ke3AecnereH *)aHalla TypAe XKikteyai ycbiHaabl: A.
Mblican (Mblican eneHaep, Mbican ces, Mbican anTbic). ©. Ananor. b. Tomcin [5, 424]. FanbiMHbIH, 6y
nanenmi TyKblpbiMAapbl MblCan KaMblHAAFbl YFbIMbIMbI3Abl KeHenTe Tyceai. MiHe, ocbl HafbITTa
MbICanaplH, TYPAEPiH aHbIKTaM, ONapAbl KMHACTbIPLIN, TONTACTbIPY, KAHP/bIK epeKlenikTepiH
aMKbiHAAY LWbIH M3HIHAe 3epaeni 3epTTeyadi KyTeTiHi aHbiK.Kofapblaafbl KOC FasibIMHbIH, aybl3
24ebueTiH KikTeyi bip-bipimeH 6afbiTTac, yHAeC kKenefi. Tek 0acTbl aMbipMallblbIK KaHPJIbIK,
aTaynapaa cuaKTbl. AXMeT BalTypCbIHYbIHbIH, CayblKTama (baplua caybiK VLLiH aliTbiNaTbiH ce3aep)
nen otbipFaHsbl LL.blobipaes eHberiHae canTka KaTbICTbl GONbKAOP Aen aTa/ica, CapbiHAaMa CaiTKa
KaTbICCbI3 GOILKAOP, AFHW KYPTTA Kesle KaTKaH CanT cCapblHMEH anTbl1aTbiH ce3aep». Eki fanbim
3@ MbICa/1 aHPbIH COHFbI TOMKA KaTKbi3adbl.Mblcan »alblHAa Ce3 Ko3fay HapbICbiHAA KaHPAbIH,
WbIFY Teri KaHaan?, Kanarl KaabinTackaH?, KalaaH 6actay anagbl? AereH cypakTap Tyadbl. AXmeT
BalTypcblHOBTLIH, Oyn opaiaa: «ApHalbl aaebueTTeri mbicangap Hbina WbIKKAH: «...aNfallKpl
agamaap 6acka MaKkyablkTapAaH y3an skapbiMafaH. Onap TypAai TabusaT, TYPAi TOCIAMEH TipLUinik
eTeTiHAEePiH Kepin, of1ap Aa agamlla onnanapsl, cerneceni, keHeceai, bipid 6ipi aHanabl, apbanapi
aen b6inred... CoHAbIKTaH afaMHblH, iCiH SHFIME KblIFaH CUAKTbI, 0NapAdblH, Aa iCTepiH aHrime
KblaFaH. OgaH xalyaHaap TypacbiHAarbl epTerifiep WoikkaH. OHaH bepi Kene, xalyaHaap Tipwinik
eTKeHMEH HaK ajamlla OWnackin, CeMNecin, KeHec eTNenTIHAIriHe Ke3 MeTKeHArHeH KeniH
MaKy/IbIKTap TypacbiHAafbl epTerinep eTipikke caHanbin, HipTe GipTe Kofanbin, TEK Mbicanaap
Kanfan» [6, 40], - AereH TyXblpblMblH Heri3re anambiz. MaceneH, «CbipTTaHAap» epTericiHae
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afamfa Kepik 60nFaH Kanmaybl3 Kackblp bipeyaiH Kanfbiz 6anacbiH aHAMAbl. BanaHblH, oKe
LeLleci, aybln altmarbl KaTTbl cacagpbl. Con Kesae bana e3iMmeH 6ip KyHAe TyFaH TynapbliHa MiHin,
KacKblpAaH Kalla KeHeneAdi. «KyTkapam» gen Tyanap TapTadbl: «Kantce ae »KermiH», aen
*Ka/IMaybI3 KacKblp Kyadbl. OCbl TyCTa aAaMHbIH, AOCbI TY/INAp MeH KaCKblpAblH CbIpTTaHbl *KapbICKa
Tyceai. Con xepae UTTiH, CbIpTTaHAapbl KAacKblpFa Kapcbl YMTblAadbl, Kackblpabl entipeai [7, 26].
MyHZa »KasiMaybl3 KacKkblp agam 6anacbiHa KAcTblK OWAayllbl MO »Kaybl3AblKTbiH 6enHeciHae
anblHCA, UT MEH KbIKbl KAKCbl XaKTapblHaH Asapintenei.bepri 3amaHaa LWblFapbiAFaH XasblK
epTerinepiHae xayaHaTtap bypbiHFbl KepemeT belHeciHae anbiHOan, KaHa KerinTte, peaancTik
H6onMbICKa HaMnaHbICTbl anbiHadbl. OCbl peTTe XalyaHaTTap KaWbl eKki TypAe anblHbIM, Kasak
epTerinepiHe Kocbinaasl. OHA@ xalyaHatTapabiH 6ip Tobbl (TEPT TyAiK Man, yi XalyaHaTTapbl)
lWapyallblIbIKKa KeNnTipeTiH nanaacbl, aTKapaTblH KbI3METIMeH cypeTTenedi. XalyaHaTTapAblH,
eKiHWwi Tobbl (KbIPTKbIW aHAap) afam banacbiHa KacafaH Kaybl3A4blfbl, KACKYHemMAirimeH
beHeneHeni. byn COHFbICHI yaKbIT 6Te Kene XaNblKTblK caTUpaFfa aimHabiM, COM apKblabl KOFaMAIbIK
¥alnap, ycTeMjiK eTKeH KaybIMHbIH, ¥KafbIMCbI3 KblAbIKTapbl 9HriMeneHeji; Gynap XanblKTbiH, alllbl
MbICKbI/Ibl, KeNeKe-KYKIiCi TypiHAe Kenei; TanTblK TapTbIC, KYPec Kakbl ce3 6onaabl. MyHbl 6i3
«ANTbIH cakay, «TeneH KeK», «bo3iHreH», « KakcblblK NEeH KaMmaHablK» T.6. epTerinepaeH Kkepe
anambi3. CoHbIMeH KaTap, «KOTblp TOpFany epTericiHae KeKWinaikTti, bipbeTkennikTi, apafa ipiTki
canyabl meHzece, «MakTa Kbl3 6eH MbICbIK» epTericiHiH acecnipimaepre 6epeTiH TarblibiMbl
MO.XanblK epTericiHAe MbIPTKbIW aHAaPAblH SPKAMCbICbIHA NalbIKTbl MiHe3aeme 6Gepea;.
ApbICTaH - aCKaH KYLLUTiH, 30PAbIKTbIH, KACKblp - KOMafaliblK NeH KOPKaY/bIKTbiH, Meci Hoabin
Keninteneni. An TyAKi - altna MeH aapablKTbiH, Bipai 6ipre cofbin, NamMaacbiH Taybin KYPreH Ky,
e3iHeH bacKafa AyLlnaHAbIK *Kacayllbl, CbIPTTak A0c, iWTen Kac 6onbin Keneai. AlMHanacbiHAafbl
aH, aTay/blHbl anjaylibl A3, 6CeK TapaTbin KyHAEYLi Ae, KoK Kepae nane bacTaylibl Aa - TY/KI.
BynapmeH KaTap, Kaslak epTerinepiHae OXKap/blK, aHKAY/AblK KeCKiHIMEeH ato »Kypeai. HKypTTbiH,
HapiHe Maszak, Ky/aKi peTiHae MalMbln KaTbicadbl. MaceneH, «Malimbin MeH TYNKi», «TyAKi MeH
beneHe», «Tynki, Tacbaka, keHex», «TyAKi, al, KoMWbI» T.6. epTerinep.B©3imiare TaHbIC Ka3ak,
MblcandapbiHaa Aa TYAKI - KYblK, alNakepiKTiH, KaCKblp - KaTbires, KapaKLWblabIKTbiH, MbICbIK, -
KaNKaYNbIKTbIH, €CeK - aKbIMaKTbIKTbIH, T.6. KbI3MeTiH aTkapaapl.LLbiHbIHAQ A3, MbICan KaHPbI
Ka3aK, Xa/IKblHblH OWNay epiciHiH [AamMyblMeH, CaHa 3BOJOUMACBIMEH Tbifbl3 HaMNaHbICTbI,
aHanagarbl TiPWIiNiK MenepiH TaHbliN BinyMmeH Katap, oiapdblH anpblKLia KacMeTTepiH anKkpiHAan,
agamabl benHeneyaeri onapapiH, TyPAi MiHE3IH 3PKUAbI IC-KbINbIKTapbIH Tycnangan KepceTtyae
webep narpganaHa OinreH. OpKallaH Cce3re ycTa Kasak Xa/lKkbl OCbl MIHAEri acTap/bl aHrime
TYFbI3bIM OFaH «Mbican» Aen anaap TakkaH.OcblHOAM apfbl TEr XalyaHaTTap *anabl epTerigeH
epbin, epic anfaH mMbican *KaHpbl KeBiHece, HAKTbINaM aiTcak, OHbIH Bip TapMaFbl Mbican epTerinep
ananor fien 3epTreyLlifiep TapanbiHaH aHbIKTaMara Me 60/1bin XKyp. XIX FacbipFa AeriH ananor KaHe
Mbican bip-6ipiHe CMHOHUM peTiHAe KondaHblafaH. Ananor kebiHece Kapa ce3beH asblnaapl.
lwiHapa esieH, ce3aepi Ke3oeCcKeHiMeH, efneH, TypiHaeri ananortap 6i3aiH, saebueTimizge Tek
asbalwa Typae KeH, JamblfaH. AN eneH ypiHAEri anasorTbiH, YKeKe »KaHp PeTiHAe TOJbIK
KanbintacybliH fasibim C.KackabacoB «XIX-XX facblp o4e0OUeTiHIH, Xeaen AamMybl MbICa KaHpPbIH
24ebu apHara barblTTaabl» Aen TyciHAaipeai[8].

Mbican - anneropusbliK KaHp. ANTbINaTbiH OM allblk Bepinmenai. AcTapMeH, MeH3eymMeH
bepinepi. MaHyapnap anemi, Kyc, ecimaik, Tafbl 6acka mbicangap bac keninkep peTiHae anbiHaabl.
OTKip CblH Aa, albl caTnpa Aa, bacanapl OMOP, KENEMENK, MbICKbIT 4@ OCbl MbICa KaHPbIHAA,
anebuetTeri oKy OafaapnamacbiHAa@ Mblcanaap KebiHece OKpbITyAblH, OacTaybliwl OybiHbIHAA
bepineni. EH anabiMeH, MbICan KaHPbl, OHbIH, ©3iHAIK epeKweniri Typaabl a4ebu-TeOPUSASbIK
VFbIMHAH MafaiymMmaT, TYCiHIK OepreH »eH. AFHM Mbicanga OWAblH, allblKanKbiH BepinMenTiHi,
Kopaman, MeH3ey acTap/bl Typae 6epineTiHi, KEKeCiH, MbICKbI/, 3XKya, tOMOP, allbl CaTMPA OHbIH,
Heri3i KepKeMajiK TaCini ekeHAiriH oKyLlblNnapfa aHrimeney, baaHaay aficimeH KeTki3reH aypbic.
Mbicangapapl OKy, Tanaay 6apbicbiHA@ Oyn TyCiHiKTepre KaWTa opanbin, OCbl YFbiMAAPAbI
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OKYLUblNapAbl ©3iHe aHAaTbIN, TYMIHAETIN OTbIpy Kepek. ANAbIMeH, 34ebn-TeopUANbIK YFbiM Bepy,
OKYLLUblNApAbl OKbIFa/ibl OTbIPFaH KOPKEM LUbIFAPMa epeKLUeNiriH aHaaynapbiHa, apbl Kapan OHbl
Tangay benceHainiktepiH apTTblipyfa eTenenai. OKblFanbl OTbIPFaH MbiCandbl andblH ana ynae
OKbIMN K&y Tancblpbl/ica, OHbIH TUIMAINIT TINTi 30p 601MaK, (MyFanim MbiCan »KaHpPbl Typanbl Kipicne
TYCiHIKTi CON TancbipmaHbl 6epy anablHAa ainTybl KepekK). MyFfanim O yWiH OKyLblNapFa MblHaAa
yNecTipme-KOMeK HycKay TapaTbin, o3 bOeTTepimeH OKy, TYCiHy, Tangay Kacayra xeTenemnmi.
CabaKkTbl KbI3bIKTbl €Tin ©Ty VLiH, »Ofapbl CbIHbINTbIH, KabineTTi OKyllblNapbiMeH MbiCanapbl
MHCLLEHMPOBKaNan, Tangday anfbiHaa KepiHic 6epin, sHwinepai, anTybliHAafbl «bynbyn aHiH» ae
narnganaHca, apTbik emec. MyHaam cabakTapabl 94e0U-KOMMNO3UUMANbIK cabakTap Aen atangbl.

annbl, Kal a4ebu KaHpaa XKas3blaFaH LWbiFapManapabl Taf4amacbkiH, MmyFanim cabak eTkeni
OTbIpFaH TaKbIpbIM epeKLWeniri, CbiHbIM epekLleniriie Halap ayZapbin, coHaH coH, 6apsbin,
nanganaHbliaTblH  KepHeKinik, T.6. oKy »KabablKTapblH, aaic-Tacingepai, cabak TypJepiH
ymnectipe, TMiMai aereHaepiH cypbintan ana 6iny kepek. «Ecek neH 6ynbyn» cuAKTbl BapabIK,
MbICaNAap Keaemi XafblHaH TyXbIPbIMAbl, KbICKA, alTap OWbl afblHaH KOMaKTbl, Ca/MaKTbl
H6onbIn Keneai, api Kofapblaa anTKAHbIMbI3AAM, alTbIIMaK OM KacblpblH KaTaabl. OKyFa KeHin,
9pi KbICK@ OCbIHAAM MbiCanaap Te3 OKblAaApl, an, TYN HerisiHAeri ca/iMakTbl macenenepai Tes
aHfapy oHan emec. MbicanapiH, ocbl Hip epeKLwenirii eckepe OTblPbIM, MyFfaniM OHbl CbIHbINTA
OKblIM, Bananapra oKbITbIN, MPAKTMKAbIK TancbipMmanap Aa bepyre 6onaapl. «Ecek neH bynbynabi»
MblHaaal benimaepre benyre bonaapi:

I 6enim. «HONbIKTbI bip bynbynra TOFaNaasbI» (EceKTiH,
bynbynra kesnecyi).

II 6enim. «...6ip caipan 6epceH,..« (eceKTiH OTiHiLui).

III 6enim. «BHepre canabl 6ynbyn...« (bynbyn aHi).

IV 6enim. «... ceH 6ipa3 aTew aHiH YMUpPEeH...« (eCEKTIH aKblabl).

V 6enim. ABTOpP/IbIK, KOPbITbIHAbI: «...Kyaarbim 6i3nj
CaKTaCblIH...».

OcblHAaM *KYMbICTapAbl anfallKkbl cabakTapaa 6ananapmeH bipre opbiHAArM, onapra HaclbINbIK,
YKacan, Keneci mblcangapabl OKYLWbIAPAbIH, TEeK O3AirHeH, »eke Aapa, MYyFaniM KeMeriHCi3
TanaaybiHa yebiHyFa 60naapl. AKbIH CTUAI, KEPKEMAIK TOCINIH TandayFa Aa Mbicangapabl OKbITyaa
epeKlle KeHin beny kepek. On yuiH ap benimaeri (}kofapblaa KOPCETINTeH) aKblH TaCiNiHe Ha3ap
ayJapfaH *KeH.

Mblicanbl:

| Benimae - aBTOPAbIK BaaHaay, cypeTTey;

Il Benimae - Ananor, cypak;

[ll 6enimae - 6asHAay, cypeTTey;

IV 6enimae - ananor, akbln;

Vbenimae - aBTOPAbIK KOPbITbIHABI, WELLiM, aKkbl-HaKbl1AapAblH OPblH anaTbiHbIH A21enaey
aypbic bonbin caHanagpsl. Yire tancoelpma 6ananapabiH cabakTbl Kanan MeHrepreHiHe 6GannaHbICTbl
6epineni. annol kabineTrepiHe acep eTy, Binim AaFablIapbIH KETINAIPY MaKcaTbiHAa penre benin,
*KaTKa MaHep/Ien oKy, KOPIHIC KOPCETY CUAKTbI LLbIFaPMaLLbI/IbIK CMMaTTafbl Tancbipmanap bepy aca
™Mimai 6onbin kenedi. ©aebueT cabafbl akpia-eHerere, fMbpaTKa, AaHaNbIKKA, MMaHAbIbIKKA,
aflaMrepuinik ynrinepre Tonbl 60y KepeKk aeceK, MbiCan TyblHAbINAPbIHAH OCbIHbIH, O3piH
KesgecTtipyre 6onaabl. CoHAblkTaH ocbl «Ecek neH Oynbyn» apKblibl JAINAIKTI, eHepai,
KilWineninainikti yari eTe OTbIpbIN, SAINETCI3A4iK, TypnaMblAblK, TOMACTbIKTAH KUpeHAaipy
KYMbICTAPbIH KYPridy KepeKk. Mbican XaHpblH OKbITyAa Aa OKyLWbINApAbiH TaHbIM BenceHAainiriH
apTTbipaTbIH, acipece, a4ebu TapTbICKA KEeTeNenTiH, i3AeHAIpY, 3epTTey KyMbliCTapblua 6ayAnTbIH
aaic-Tacinaepai nanganaHy tmimai 6onmak. MbicanapiH 6acTbl MakcaTbl — aflaM HanacbiHbIH,
HoMbIHa aKCbl, i3riNiKTI KacMeTTepai CiHipy, TepeH fubpaT neH Tanim eHere bHepy. KypcTbik,
YKYMbICTbIH, 3epTTeY MaceeciHe alnHaNfaH e3eKTi cypakTapabliH, Bipi OCbl MbICan *KaHPbIH TaHbITY,
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COHbIH iWiHAEe Ka3ak, MblCanlliblnapbiHbiH, Bipi AxmeT BalTypCbIHOBTbIH, MbICan XaHPbIHAAFbI
WbIfapManapblH  MeHrepTydiH, TWiMAi *KongapblH capanay 6onbin Tabblnaabl.  Mbicanaap
HbacTayblll MeKTen XaHe opTa OybliH CbIHbINTAPbLI OKYLLUbIAAPbIHbIH, OM-6pPICiH KeTinaipin, OTaHbIH
Cylore, eNiH Kopfayfa, eHepi urepyre, annbl afaMrepLliNikTik KYHAbIAbIKTapAbl 60MbIHa CiHipyre
cenTiriH Turizeai. CoHbiMeH KaTap 6anaHblH CO3/iK KOPbIH Aa MOManTyda Kbi3MeTi oTe 30p. An
CO3MiK KOpbl MO/, Tini AamblfaH Bana — y34ik oKyllbl, cebebi »Kofapblga aTanfaHaAap — KaKcbl
yAarinepaiH, Herisi. O epici Aambin, Ce34iK KOpbl MoalifaH banaHbiH anTap onbl Aa, icTep ici ae
eHereni 6onmak. Jemek, 6ana TiNiH AaMbITy — KOFaM JaMblfaH CalblH KYHZENIKTI KaXKeTTiNikke
aHana b6epeTiH eH ©3eKkTi macenenepaiH, 6ipi. OHbIH YCTiHE enimi3 eremeHaik anfanbl bepi
MEM/IEKETTIK Ti/IZle CONNey COHbI OKbITY 3ICTEMECIH XKeTiNAipy, COHbIH ilWiHAe, 6ana TiniHiH Aamybl
MEH CO3/iK KOPbIHbIH, MOato Mace/ieci aickep fanbiMAapAblH 3epTTeyiHeH Tycnen, HazapAaH TbiC
KasiMaM )ypreH macenenepgin, 6ipi. boamblCcKa TaHbIMAbIK KaTbIHACTbI 0OATY MeH Topbueneyain, bip
KO/bl —eMipaji Tikenen bakblnayaaH 6acka TaHbIMAbIK 94ebueTTepae KaTblp. byriHri KyHi OKbITyFa
KOMbINbIN  OTblpfa TanantapapiH  Oipi — emip WbIHAbIFbIH - Gananapfa  XanblK — aybl3eki
WbIFapMallbl/blfbl  @apPKbIbl  KOPCETY, OHblH HeridiHae ©6ananapAblH, OM-8PICiH, KUAbIH,
3CTETUKANbIK ~ BHe  aJaMrepuinik  cesimaepiH  AdambiTa  OTbIpbIN,  ONAPAblH,  XalblK
WblFapMallbl/blfbiHA CYRICNEHLWiNiriH eHbeK CyMriluTiKKe AereH Ke3kapacTapbiH apTTbipy HobIn
Tabblnaabl. Kazak Mmbicanaapbl COHbIH, iliHAE, MbICaNAblIH aTaCbl — AXMET LWblFapManapblHbIH Ka3ak,
2aebuneTiHiH Hafa KeTnec KasbiHacbkl. OHbIH, OCbl CUAKTbI aca KOfapbl UAEANbIK KOPKEM KAaCUETiH
HananapablH, caHacbiHa XKeTKi3y VliH OynapabliH, Aa ©3iHe NaiblK OKpIM YUPEHY Konaapbl aaic
amangapsl 6ap. Mbicangapabl 6HananapablH, CyMin OKMTbIH BaPAbIK bIKbINAC bIHTACLI CYMCiHE
TbIHAANTBIHABIFbI — 964EH TeKLWenen XanblKTblH, TanKblp OK-NiKipaepi KUHAKTabIN, Spi KePKeM,
api KeHin TinmeH bepineTiHajiriHae. TopbueHiH 6acTbl Kypaibl 601bIN TabblNaTblH MbICa XaHPbIH,
AXMeT MblCangapblH MeHrepTyAeri TiMAj Tacinaep Kasipri TaH4a aknapaTTbIK-KOMMYHUKATUBTIK
TeXHoONOrMANapPMEH, AeHrennik TancbipMmanap KoadaHy, CanbiCTbipy, Kelinkepaepre miHesgeme
bepy, BeHH [Amarpammacbl, MHCEPT KecTeci, TOMMeH MYMbIC »acay (epTerinep OOMbIHLIA
Tancbipmanap), *KYNTblK TancblpManap OpbiHAATY Tafbl HACKa 2A4iCTEPMEH Ky3ere acblpbliyaa.
AXMET MblCanaapbiH MeHrepTyae 6anaHbiH, Kac-NCUXONOTMANbIK epEKLIENIKTEPI FAaHa eCKepinMmen,
YKaHPbIK epeKweniktepi ge HacTbl Haszapfa anbiHadbl. COHbIMEH KaTap atan eTep Oip KalT
MbICaNdapabl  MeHrepTyae KOAAAHbINATbIH - 34ic-TacCiNAepaiH,  CaH  a/NyaHAblfbl  MyFasim
webepniriHve 6alNaHbICTbl KONAAHbLICKA Me Bonadbl *KaHe TOMbIFbIN OTbipadbl, 3amaH TanabbiHa
colKkec e3repicTepmeH cunatrTanagbl. Mbican KaHPbIHbIH TaHbIMAbIK M3HI *KOfapbl 60AbIM
TabbiNFaHObIKTAH, ONapAbl OKbITyAa, aTan amTKaHAa MbICan KaHPbIHAAFb! LWblFapManapably,
Ma3MYHbIH MEHrepTKeHAE WMAEANbIK, TaKbIPbINTbIK, AFHWU KOPKEMAiK LWbIHAbIFbIHA XeTe Ha3ap
ayaapfaH »eH. Cebebi, mbican 6ana AyHMETAHbIMbIH, ©3iHAIK KO3KAPaCbIH Ka/bINTacTblipyAbiH
bipaeH-6ip Kypasnbl 60abIN Tabblnaabl. AXMET MbICa/AaPbIH OKbITY/a WblFapMaHbl XeTe Tanaay
OHbIH, MEHFepPTYAiH, HaTUXeNi Kypasibl 60bIN caHanagbl. MblicanablH, KerinkepaepiH canbiCTbipy,
bara b6epy, cunaTTay, mMiHe3aey, CypeTiH cany, WbiFapma a3y, AMaNorTiK OKbITy, peare benin
OKbITYy, KOPIHIC KO, KBPHEKINIK 34iCcTepiH MOJIbIHAH KOAAAHY ETICTIKTepre »KeTkisedi AereH
KOPbITbIHAbI *KacanMbi3.
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Abstract

This article examines the evolution of the welfare state concept and analyzes the changing
roles of the state, business, and civil society in addressing contemporary social challenges.
Particular attention is paid to the institutional mechanisms that facilitate intersectoral cooperation,
including public-private partnerships, social contracting, social entrepreneurship, ESG-oriented
practices, public consultations, and collaborative governance arrangements.

The findings indicate that the effectiveness of the contemporary welfare state depends not
on the expansion of state intervention, but on the quality of intersectoral cooperation aimed at
creating public value and addressing complex social challenges. Based on the analysis, a concentric
model of intersectoral cooperation is proposed, conceptualizing cooperation as a strategic
resource for welfare state development and explaining the relationship between institutional
cooperation mechanisms and social development outcomes.

Keywords: welfare state, intersectoral cooperation, collaborative governance, public
governance, public value, public-private partnership, social contracting, social entrepreneurship,
ESG, civil society, human capital, quality of life, sustainable development.

Introduction

The development of the welfare state in the twenty-first century takes place within an
increasingly complex social environment. Traditional social risks associated with poverty,
unemployment, and social inequality are now accompanied by new challenges arising from digital
transformation, changes in employment structures, demographic shifts, migration processes,
environmental threats, and rising public expectations. As a result, social protection systems,
healthcare institutions, educational organizations, and other components of the social sphere are
experiencing growing pressure.

At the same time, governments face significant resource constraints resulting from the
need to maintain fiscal sustainability while improving the efficiency of public spending. Under
these circumstances, it has become increasingly evident that the state is no longer capable of
addressing the full spectrum of social problems exclusively through traditional regulatory
instruments and budgetary financing.

Contemporary social development trends indicate a gradual transition from a model of
state paternalism toward a model based on the joint participation of the state, business, and civil
society in addressing socially significant challenges. Whereas classical welfare state models
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positioned the state as the principal producer and provider of public goods, contemporary
approaches increasingly emphasize intersectoral cooperation based on partnership, resource
coordination, and the distribution of responsibilities among key societal actors.

This transition is particularly important in the context of sustainable social development.
Modern welfare states are expected not only to provide social guarantees but also to contribute
to improvements in quality of life, human capital development, social resilience, and the
achievement of sustainable development goals. Consequently, the effectiveness of the welfare
state is determined less by the scale of government intervention and more by the ability of public
institutions to create favorable conditions for constructive cooperation among business
organizations, civil society institutions, and public authorities in the process of public value creation
(Ansell & Gash, 2008; Emerson & Nabatchi, 2015).

Against this background, there is a growing need to reconsider traditional approaches to
welfare state development and to examine contemporary mechanisms of intersectoral
cooperation as a key condition for social sustainability and long-term societal development.

1. The Evolution of the Welfare State Concept: From State Paternalism to Collaborative
Governance

The historical foundations of the welfare state are commonly associated with the social
reforms initiated by Otto von Bismarck in the German Empire during the second half of the
nineteenth century. The introduction of compulsory social insurance schemes covering illness,
disability, and old age laid the institutional foundations of state social policy and established a new
model of relations between the state and society. Within this framework, the state assumed
primary responsibility for addressing social problems and maintaining social stability (Bismarck,
1881-1889).

The subsequent development of welfare state theory is closely connected with the work of
William Beveridge. In his landmark report Social Insurance and Allied Services (1942), Beveridge
proposed a universal system of social protection based on the principles of inclusiveness and equal
access to social guarantees. Unlike the Bismarckian model, which relied primarily on insurance
mechanisms, the Beveridge approach emphasized comprehensive social protection regardless of
an individual's income level or employment status. The state was viewed as the central institution
responsible for ensuring social security and minimum standards of well-being.

During the second half of the twentieth century, welfare state ideas gained widespread
acceptance across Europe and North America. The expansion of social responsibilities was
accompanied by the development of education systems, healthcare services, pension schemes,
employment programs, and various forms of social assistance. Scholars of this period viewed the
welfare state as a key instrument for promoting social justice, social integration, and the reduction
of social inequalities (Marshall, 1950; Titmuss, 1958).

As a result, the classical welfare state model emerged, characterized by the dominant role
of the state in the production and distribution of public goods. Government institutions became
the primary actors responsible for identifying social problems, designing policy responses,
financing social programs, and monitoring their implementation. Relations between the state and
society were predominantly hierarchical, while citizens were largely perceived as recipients of
social services and welfare benefits.

However, by the late twentieth century, researchers increasingly pointed to the limitations
of the classical welfare state model. Growing public expenditures, demographic ageing, increasing
pressure on social protection systems, and declining efficiency of traditional regulatory
mechanisms generated concerns regarding the long-term sustainability of welfare arrangements
(Mishra, 1984; Pierson, 1994).

Particularly significant was the increasing complexity of social challenges themselves.
Whereas traditional social policy focused primarily on poverty reduction, employment, and social
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protection, contemporary societies face a much broader range of issues, including digital
inequality, migration, demographic ageing, environmental risks, social inclusion, and sustainable
development. Addressing such challenges requires the integration of financial, organizational,
informational, expert, and human resources that are no longer concentrated exclusively within the
public sector.

Against this background, the very nature of public governance began to undergo substantial
reconsideration. The traditional concept of government, based on hierarchical authority and the
dominant role of the state, gradually gave way to the concept of governance, which emphasizes
coordination among multiple actors involved in social development.

According to Pierre and Peters (2000), contemporary governance increasingly represents a
process of negotiating interests and coordinating actions among diverse societal stakeholders,
including public authorities, business organizations, and civil society institutions. In this context,
effective governance is no longer associated exclusively with the state's capacity to command and
control; rather, it depends on its ability to facilitate cooperation and mobilize collective resources
for addressing public challenges.

These ideas were further developed within the framework of collaborative governance.
Ansell and Gash (2008) argue that the effectiveness of contemporary governance depends on the
ability of public institutions to organize constructive interaction among governmental and non-
governmental actors in order to address socially significant issues. Similarly, Emerson and Nabatchi
(2015) conceptualize collaborative governance as an institutionalized system of cooperation based
on joint decision-making, shared responsibility, and the integration of resources aimed at achieving
public outcomes.

The emergence of governance and collaborative governance approaches reflects a broader
transformation in the understanding of social development. Social problems are no longer
perceived as issues that can be solved exclusively through governmental action. Instead, they are
increasingly viewed as complex challenges requiring coordinated efforts from multiple sectors of
society.

As a result, the contemporary stage of welfare state development is characterized by a
transition from state paternalism toward partnership-based governance. While the state continues
to play a central role in ensuring social stability and protecting public interests, its functions are
gradually shifting from the direct provision of social goods toward the coordination of intersectoral
interaction. Business organizations and civil society institutions are no longer regarded as external
actors operating alongside social policy; they have become integral participants in addressing
social challenges and creating public value.

2. Intersectoral Cooperation as a Mechanism for the Development of the Contemporary
Welfare State

2.1. The State as the Architect of Intersectoral Cooperation

Traditionally, the state has been regarded as the primary actor responsible for designing
and implementing social policy. However, contemporary welfare state development demonstrates
a significant transformation of this role.

Whereas the classical welfare state model concentrated major social functions within
governmental institutions, contemporary practice increasingly reflects a shift toward coordination-
based governance. The state continues to occupy a leading position within the social sphere, yet
its principal function is no longer limited to the direct provision of services. Instead, it increasingly
focuses on creating institutional conditions that facilitate cooperation among various actors
involved in social development.

In this context, the state acts less as a direct provider of social goods and more as an
architect of interaction among public authorities, business organizations, civil society institutions,
and citizens. It establishes regulatory frameworks, formulates strategic priorities, develops
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mechanisms for stakeholder engagement, and creates opportunities for non-state actors to
participate in addressing public challenges (Pierre & Peters, 2000; Osborne, 2010).

Within the framework of New Public Governance, the effectiveness of public administration
is evaluated not by the number of functions performed by governmental institutions but by their
capacity to coordinate networks of actors and facilitate collaborative problem-solving.
Consequently, the state increasingly moves away from a control-oriented model toward a
partnership-oriented model based on cooperation, mutual responsibility, and shared commitment
to public outcomes.

Therefore, the contemporary state should be understood as a key organizer of intersectoral
cooperation, responsible for creating institutional environments that enable the integration of
resources distributed across different sectors of society.

2.2. Business as a Strategic Partner in Social Development

The role of business in contemporary society extends far beyond the traditional pursuit of
profit maximization. The growing importance of Corporate Social Responsibility (CSR) and ESG-
oriented management practices reflects the expanding involvement of business organizations in
addressing social and environmental challenges.

Historically, corporate engagement in social issues was largely limited to philanthropic
activities and charitable initiatives. Today, however, social responsibility is increasingly integrated
into long-term business strategies and sustainable development agendas (Carroll, 1991).

Particularly influential in this regard is the concept of Creating Shared Value developed by
Porter and Kramer (2011). According to this approach, companies can simultaneously generate
economic value and social value by incorporating solutions to societal challenges into their core
business activities. Social problems are therefore not viewed as external constraints but as
opportunities for innovation, competitiveness, and sustainable growth.

Modern companies actively participate in educational, environmental, social, and
infrastructure projects; invest in human capital development; support social entrepreneurship; and
implement ESG principles within corporate governance systems. As a result, business increasingly
functions not as an external partner of social policy but as a full-fledged participant in promoting
public well-being and sustainable social development.

2.3. Civil Society as a Source of Public Expertise and Social Participation

In increasingly complex social environments, civil society plays a critical role as a source of
public expertise, social participation, and feedback. Civil society organizations contribute to
identifying emerging social needs, articulating public interests, and facilitating citizen engagement
in decision-making processes. Non-governmental organizations, professional associations,
volunteer movements, expert communities, and public councils serve as important intermediaries
between the state and society.

The significance of civil society extends beyond advocacy and representation.
Contemporary governance increasingly relies on citizen participation as a mechanism for
improving the quality and legitimacy of public decisions. Through continuous feedback, public
authorities gain a deeper understanding of societal needs and are better equipped to adapt social
policies to changing social conditions.

Putnam (2000) argues that the effectiveness of public institutions is closely linked to the
level of social capital and citizens' capacity for collective action. Similarly, Fukuyama (1995)
identifies trust as one of the most important resources of societal development. From this
perspective, civil society should not be viewed merely as a mechanism of public oversight; rather,
it represents an active participant in social development and public value creation.

Consequently, the contribution of civil society to welfare state development lies not only in
monitoring government performance but also in facilitating social innovation, strengthening civic
engagement, and enhancing the responsiveness of public institutions.
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2.4. Trust as the Foundation of Intersectoral Cooperation

Although the state, business, and civil society perform distinct functions within
contemporary societies, the effectiveness of their cooperation depends less on formal institutional
arrangements than on the level of trust among participants.

Trust serves as a fundamental prerequisite for sustainable partnerships, reducing
transaction costs, facilitating information exchange, and improving the effectiveness of collective
action. In the absence of trust, cooperation tends to become formalized, decision-making quality
declines, and opportunities for long-term collaboration become limited.

From this perspective, trust should be regarded as an independent resource of welfare
state development. It enables the alignment of interests among diverse stakeholders and supports
the emergence of a culture of shared responsibility for addressing social challenges (Fukuyama,
1995; OECD, 2023).

The importance of trust becomes particularly evident in the implementation of public-
private partnerships, social contracting arrangements, public consultations, and other forms of
intersectoral cooperation. The effectiveness of these mechanisms depends not only on legal
frameworks and organizational structures but also on the willingness of participants to engage in
open dialogue, mutual learning, and collaborative problem-solving.

Therefore, trust should be viewed as the institutional foundation of intersectoral
cooperation and one of the key determinants of welfare state effectiveness in contemporary
societies.

Interim Findings

The analysis conducted thus far demonstrates that the contemporary welfare state
functions as a complex system of interaction among the state, business, and civil society. Each
participant possesses unique resources and competencies that are essential for addressing socially
significant challenges.

Under these conditions, the effectiveness of social policy is determined not by the scale of
government intervention, but by the quality of intersectoral cooperation that enables resource
integration, coordinated action, and the co-creation of public value.

The growing complexity of social challenges requires a transition from isolated sectoral
approaches toward collaborative forms of governance. Consequently, intersectoral cooperation
emerges as a strategic mechanism for ensuring social sustainability, promoting human capital
development, and improving quality of life.

3. Institutional Mechanisms of Intersectoral Cooperation in Contemporary Welfare State
Development

The recognition of intersectoral cooperation as a prerequisite for welfare state
development raises an important question: How is such cooperation implemented in practice?

The contemporary welfare state cannot function solely through administrative regulation
and public financing. The integration of resources distributed across different sectors of society
requires institutional mechanisms capable of facilitating coordination, cooperation, and the joint
creation of public value.

These mechanisms serve not merely as administrative tools but as institutional
arrangements through which diverse actors are able to combine resources, share responsibilities,
and collectively address complex social challenges.

3.1. Public—Private Partnerships as a Mechanism for Resource Integration

Public—private partnerships (PPPs) represent one of the most widely used mechanisms of
intersectoral cooperation. In contemporary governance systems, PPPs are no longer viewed solely
as instruments for attracting private investment into infrastructure projects; they increasingly
function as mechanisms for integrating public and private resources in pursuit of social objectives
(Hodge & Greve, 2007).
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Unlike traditional models of public financing, PPP arrangements combine the financial
capacity and managerial expertise of the private sector with the strategic resources and regulatory
authority of the state. Such cooperation creates additional opportunities for the development of
education, healthcare, social infrastructure, and other sectors that directly influence quality of life.

Particularly under conditions of fiscal constraints, PPPs contribute to improving the
efficiency of social investments and promoting more effective use of public resources. However,
their success depends on the alignment of interests among stakeholders and the establishment of
long-term relationships based on mutual responsibility and trust.

3.2. Social Contracting as a Mechanism for Engaging Civil Society

Among contemporary mechanisms of intersectoral cooperation, social contracting
occupies a particularly important position due to its capacity to institutionalize collaboration
between public authorities and civil society organizations.

Unlike traditional models of public service provision, social contracting enables
governments to involve non-governmental organizations in the design and implementation of
social programs aimed at addressing specific societal needs. Through this mechanism, public
authorities gain access not only to additional organizational resources but also to the practical
expertise, local knowledge, and social networks accumulated by civil society institutions.

An important advantage of social contracting lies in its ability to increase the
responsiveness and adaptability of social policy. Civil society organizations often possess a deeper
understanding of the needs of specific communities and social groups, enabling more targeted and
effective interventions. As a result, social contracting contributes to the diversification of service
provision, the strengthening of citizen participation, and the enhancement of public value creation.

From a governance perspective, social contracting represents a transition from hierarchical
public administration toward collaborative forms of social problem-solving. It reflects the growing
recognition that social challenges cannot be effectively addressed through governmental action
alone but require the active involvement of multiple societal actors.

3.3. Social Entrepreneurship as a Hybrid Mechanism of Social Innovation

One of the most dynamic forms of intersectoral cooperation is social entrepreneurship,
which combines social objectives with entrepreneurial approaches to problem-solving.

Unlike traditional business models focused primarily on profit generation, social
enterprises seek to create measurable social impact while maintaining financial sustainability. At
the same time, social entrepreneurship differs from charitable activities because it relies on
market-based mechanisms rather than continuous external support.

The growing importance of social entrepreneurship reflects broader transformations in
contemporary welfare systems. As governments face increasing resource constraints and social
problems become more complex, innovative approaches capable of combining economic
efficiency with social responsibility become increasingly valuable.

Social enterprises contribute to job creation, social inclusion, community development,
and the provision of services for vulnerable groups. More importantly, they demonstrate how
social and economic goals can be pursued simultaneously, thereby challenging traditional
distinctions between the public, private, and non-profit sectors.

Consequently, social entrepreneurship should be viewed as a hybrid institutional
mechanism that facilitates cooperation among government agencies, business organizations, and
civil society institutions while generating both social and economic value.

3.4. Public Consultations and Citizen Participation

The effectiveness of contemporary welfare states increasingly depends on the extent to
which citizens are involved in public decision-making processes. Consequently, public
consultations, stakeholder engagement mechanisms, and participatory governance practices have
become integral components of modern governance systems.
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Public consultations provide opportunities for governments to gather information,
incorporate diverse perspectives, and identify potential risks before implementing policy decisions.
Citizen participation contributes to improving policy legitimacy, increasing transparency, and
strengthening public trust in governmental institutions.

Moreover, participatory mechanisms facilitate mutual learning among stakeholders and
promote a culture of shared responsibility for social development. Rather than treating citizens
solely as recipients of public services, contemporary governance approaches increasingly
recognize them as active contributors to policy design and implementation.

In this regard, public consultations represent more than a procedural requirement; they
constitute an institutional mechanism through which governments can enhance the quality,
legitimacy, and sustainability of social policies.

3.5. Digital Transformation and Participation Platforms

The digital transformation of public governance has significantly expanded opportunities
for intersectoral cooperation. Digital technologies enable more efficient communication among
stakeholders, facilitate information exchange, and create new channels for citizen engagement.

Digital participation platforms, open government initiatives, online consultation
mechanisms, and electronic service delivery systems contribute to increasing transparency and
improving access to public decision-making processes. These technologies reduce barriers to
participation and allow governments to engage larger and more diverse groups of stakeholders.

Beyond administrative efficiency, digitalization also strengthens the collaborative capacity
of governance systems by enabling continuous interaction among public authorities, business
organizations, and civil society institutions. Consequently, digital transformation should be
regarded not only as a technological process but also as an institutional driver of intersectoral
cooperation.

As social interactions increasingly occur within digital environments, participation
platforms become important mechanisms for public value creation and collective problem-solving.
3.6. Public Governance as an Integrative Framework for Intersectoral Cooperation

The mechanisms discussed above should not be viewed as isolated instruments operating
independently from one another. Rather, they constitute elements of a broader governance
architecture that supports cooperation among multiple societal actors.

This perspective is reflected in the concept of Public Governance, which emphasizes
networks, partnerships, and collaborative relationships as fundamental features of contemporary
governance systems (Osborne, 2010). Within this framework, the state, business, and civil society
are understood as interdependent participants engaged in the joint creation of public value.

The effectiveness of welfare state development is therefore determined not by the
performance of individual actors in isolation but by the quality of interaction among them. Public-
private partnerships, social contracting arrangements, social entrepreneurship initiatives,
participatory mechanisms, and digital platforms all contribute to the emergence of governance
systems capable of addressing complex social challenges through collective action.

From this perspective, intersectoral cooperation should not be considered merely an
administrative tool. It represents a systemic governance approach through which diverse
resources, competencies, and interests are integrated to achieve socially desirable outcomes.

The analysis of institutional mechanisms demonstrates that contemporary welfare state
development increasingly depends on the ability to organize cooperation among the state,
business, and civil society. Public-private partnerships, social contracting, social entrepreneurship,
participatory governance mechanisms, and digital platforms create institutional conditions for
resource integration, shared responsibility, and collective problem-solving.

These mechanisms do not simply improve the efficiency of social policy implementation.
More fundamentally, they transform the very logic of welfare state development by shifting the
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focus from state-centered intervention toward collaborative forms of governance based on
partnership, trust, and public value creation.

4. A Concentric Model of Intersectoral Cooperation in Welfare State Development

The analysis conducted throughout this study demonstrates that contemporary welfare
state development can no longer be adequately explained through traditional state-centered
approaches. The increasing complexity of social challenges, the diversification of societal actors,
and the growing importance of collaborative governance require a broader conceptual framework
capable of explaining how different sectors contribute to social development.

To address this issue, a concentric model of intersectoral cooperation in welfare state
development is proposed. The model conceptualizes welfare state development as a dynamic
process of interaction among the state, business, and civil society, emphasizing the role of
institutional cooperation mechanisms in generating socially significant outcomes (figure 1).

Unlike traditional approaches that focus primarily on the individual functions of
governmental institutions, the proposed model highlights the quality of interaction among societal
actors as the key determinant of welfare state effectiveness.

4.1. The Outer Layer: Key Actors of Social Development

The outer layer of the model consists of three principal actors involved in contemporary
social development: the state, business, and civil society.

The state provides the institutional and regulatory framework necessary for social
development. Its responsibilities include strategic planning, policy formulation, social protection,
and the establishment of legal conditions that facilitate cooperation among societal actors.

Business contributes financial resources, managerial expertise, technological innovation,
and investment capacity. Increasingly, business organizations also participate in addressing social
and environmental challenges through corporate social responsibility initiatives, ESG-oriented
strategies, and sustainable development programs.
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Figure 1 — Model of Intersectoral Cooperation in Welfare State Development

Civil society contributes public expertise, social participation, civic engagement, and
feedback mechanisms. Through non-governmental organizations, volunteer movements,
professional associations, and community initiatives, civil society helps identify emerging social
needs and strengthens the responsiveness of governance systems.

Although these actors perform different functions, none of them possesses sufficient
resources to address complex social challenges independently. Consequently, welfare state
development depends on their ability to cooperate and coordinate their activities.

4.2. The Intermediate Layer: Institutional Mechanisms of Cooperation

The second layer of the model consists of institutional mechanisms that facilitate
interaction among the state, business, and civil society.

These mechanisms include:

e public—private partnerships;

e social contracting;

e social entrepreneurship;

e public consultations;

e citizen participation mechanisms;
o digital participation platforms;
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e collaborative governance arrangements.

The primary function of these mechanisms is to transform fragmented activities into
coordinated efforts aimed at solving socially significant problem:s.

Through these institutional arrangements, resources that are dispersed across different
sectors become integrated into a common framework of collective action. Cooperation therefore
moves beyond occasional collaboration and becomes an institutionalized component of welfare
state development.

The effectiveness of these mechanisms depends on transparency, accountability,
stakeholder engagement, and, most importantly, trust among participants.

4.3. The Inner Layer: Social Development Outcomes

The third layer of the model represents the outcomes generated through intersectoral
cooperation.

By combining resources and coordinating activities, societal actors contribute to the
achievement of several interconnected objectives:

e human capital development;

e social cohesion;

e social resilience;

e sustainable development;

e improved effectiveness of social policy;
e public value creation.

These outcomes represent intermediate results that strengthen society's capacity to
respond to existing and emerging challenges.

Importantly, the model assumes that social development outcomes emerge not from the
isolated efforts of individual actors but from their ability to cooperate within a shared governance
framework.

4.4. The Core of the Model: Quality of Life

At the center of the model lies quality of life, which serves as the ultimate objective of
welfare state development.

Quality of life functions as an integrative indicator reflecting the effectiveness of
interactions among the state, business, and civil society. Improvements in living standards, access
to education and healthcare, social inclusion, human development, and overall well-being
represent tangible manifestations of successful intersectoral cooperation.

The placement of quality of life at the center of the model reflects the fundamental
assumption that welfare state development should ultimately be evaluated according to its impact
on people's lives rather than solely by the volume of public spending or the number of social
programs implemented.

Discussion

The proposed concentric model offers a conceptual framework for understanding
contemporary welfare state development under conditions of increasing social complexity. It
demonstrates that social development is no longer determined exclusively by governmental action
but by the ability of diverse societal actors to cooperate through institutionalized mechanisms of
interaction.

The model also highlights the importance of moving beyond traditional state-centered
approaches toward governance arrangements based on partnership, shared responsibility, and
public value creation.

Consequently, welfare state effectiveness should be assessed not only through the
performance of public institutions but also through the quality of relationships that connect the
state, business, and civil society within a broader system of collaborative governance.
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Conclusion

The transformation of the welfare state represents one of the most significant
developments in contemporary public governance. The increasing complexity of social challenges,
the diversification of societal actors, and the growing demand for effective solutions have exposed
the limitations of traditional state-centered approaches to social development.

The analysis conducted in this study demonstrates that welfare state development has
evolved from a model based on state paternalism toward a model characterized by cooperation,
partnership, and shared responsibility among the state, business, and civil society.

The study has shown that contemporary welfare state effectiveness depends on the ability
to mobilize and coordinate resources distributed across different sectors of society. In this context,
intersectoral cooperation emerges as a key mechanism for integrating diverse competencies,
fostering collective action, and generating public value.

A central contribution of this study is the proposed concentric model of intersectoral
cooperation, which conceptualizes welfare state development as a dynamic system of interaction
among the state, business, and civil society. The model illustrates how institutional cooperation
mechanisms contribute to the achievement of social development outcomes and ultimately to
improvements in quality of life.

The findings suggest that the future of welfare state development depends not on
increasing the scale of governmental intervention, but on improving the quality of cooperation
among societal actors. Sustainable social development increasingly requires governance systems
capable of fostering partnership, building trust, coordinating resources, and promoting collective
responsibility for addressing public challenges.

Intersectoral cooperation should be viewed not merely as a governance mechanism, but
as a strategic resource for welfare state development.
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Xilasa: Bu tadgigat Azarbaycan arazisindan kegan beynalxalg nagliyyat dahlizlarinin — Orta Dahliz
va Simal-Canub dahlizinin — milli igtisadiyyata coxsaxali tasirini arasdirir. Olkanin Avropa ils Asiya
arasindaki strateji cografi mévgeyindan irali galan tranzit Gstinliklari, infrastruktur inkisafi, yeni is
yerlarinin yaranmasl va regional sosial-igtisadi canlanma baximindan giymatlandirilir. Eyni
zamanda dovlat siyasati, institusional mexanizmlar va regemsal idarsetma vasitalarinin dahliz
ragabat gabiliyyatina tohfasi mizakira olunur.

Acar sozler: nagliyyat dahlizi, tranzit iqtisadiyyati, Orta Dahliz, Simal-Canub dahlizi, logistika
infrastrukturu, regional inkisaf, Azarbaycan

Abstract: This study examines the multifaceted economic impact of international transport
corridors passing through Azerbaijan — namely the Middle Corridor and the North-South Corridor
— on the national economy. The country's strategic geographical position between Europe and
Asia is assessed in terms of transit advantages, infrastructure development, employment
generation, and regional socio-economic revitalization. The contribution of state policy,
institutional mechanisms, and digital management tools to corridor competitiveness is also
discussed.

Keywords: transport corridor, transit economy, Middle Corridor, North-South Corridor, logistics
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Giris

Qlobal ticarat axinlarinin genislandiyi va beynalxalg iqtisadi inteqgrasiyanin darinlasdiyi
muasir saraitde nagliyyat-logistika sistemlarinin strateji shamiyyati durmadan artmagdadir.
Nagliyyat dahlizlari artig takca yik dasima vasitasi kimi deyil, 6lkalarin igtisadi regabat gabiliyyatini
miayyan edan baslica amillardan biri kimi dayarlandirilir [6, s.14—17]. Bu kontekstda Azarbaycanin
Qarbla Sarqi birlasdiran cografi qovsaqda yerlasmasi 6lkaya banzarsiz tranzit imkanlari baxs edir.
Azarbaycan Dovlat Statistika Komitasinin malumatlarina asasan, son on ilda 6lka arazisindan kegan
yUk dovriyyasi ardicil artim meyli niimayis etdirmakdadir [1, 5.87-89].

Orta Dahlizin igtisadi shamiyyati. Sarg-Qarb istigamatli Orta Dahliz Cin, Markazi Asiya va
Canubi Qafgaz olkalarini Avropa bazarlarina baglayan alternativ marsrut kimi getdikca daha boytk
strateji shamiyyat kasb edir. 9nanavi simal marsrutlarina nisbatan daha qgisa tranzit muddati,
siyasi sabitlik GstlnldyU va daniz-damir yolu kombinasiyasi ile secilan bu dahliz Azarbaycana tranzit
galirlarinin artirilmasi, xarici investisiyalarin calb edilmasi va muasir logistika infrastrukturunun
formalasdirilmasi baximindan ciddi perspektivlar acir [7, s.34—38]. Baki Beynalxalg Daniz Ticarat
Limaninin muasirlasdirilmasi va Baki—Tbilisi-Qars demir yolu xattinin istifadaya verilmasi bu
strategiyanin ayani nUmunasidir [4, 5.61-64].
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Simal-Canub dahlizinin strateji rolu. Rusiya, Azarbaycan va irani birlasdirarak Hindistana
gadar uzanan Simal-Canub Beynalxalg Nagliyyat Dahlizi (INSTC) 6lkaya farqgli bir strateji dayar
gazandirir. Bu marsrut Azarbaycani Canubi Asiya ila Simali Avropa arasindaki ticarat zancirinin
ayrilmaz halgasina c¢evirir, yUk dovriyyasini artinr va damir yolu infrastrukturunun
modernlasdirilmasini slratlandirir [3, s.102—107]. Ekspert giymatlandirmalarina gora, INSTC-nin
tam isa salinmasi Azarbaycanin tranzit galirlarini shamiyystli deracads artirmagla yanasl, alagali
sanaye sahalarinin da canlanmasina zemin yaradacaqdir [3, s.109-111].

Genis spektrliigtisadi tasirlar. Beynalxalg nagliyyat dahlizlarinin musbat igtisadi tasiri yalniz
tranzit odanislari ile mahdudlasmir. Limanlar, damir yolu govsaqglari ve logistika markazlari
atrafinda yeni is yerlarinin yaranmasi, regionlarda yasam standartlarinin yiksalmasi va kicik-orta
muassisalarin inkisafi Uc¢ln alverisli mihitin formalasmasi — bunlarin hamisi dahlizlarin dolayi,
lakin mUhdm igtisadi naticalaridir [2, s.78-82]. Nagliyyat infrastrukturuna edilan investisiyalarin
multiplikator effekti bir sira alagadar sektorlara — tikinti, energetika, xidmat sektoru — da misbat
impuls verir [6, 5.49-52].

Dovlat siyasati va institusional ¢arcgiva. Azarbaycan hokumsati tranzit potensialinin
reallasdiriimasi Gciin magsadyonli siyasat hayata kecirir. ikitarafli va coxtarafli nagliyyat
sazislarinin  baglanmasi, gomrik prosedurlarinin sadalasdiriimasi ve ragamsal idarsetms
sistemlarinin tatbigi 6lkani beynalxalg yuk dasiyicilari Gglin daha ragabatgabiliyyatli tranzit
makanina gevirir [5, s.116—120]. Dovlat-0zal sektor tarafdasligl modeli infrastruktur layihalarinin
maliyyalasdiriimasini saxalandirmays imkan verir [5, 5.122—-124].

Natico

Azarbaycan arazisinden kegan beynalxalg nagliyyat dahlizlari o6lkanin igtisadi
diversifikasiyasinda, tranzit galirlarinin artirilmasinda va regional inkisafin stimullasdiriimasinda
halledici rol oynayir. Cografi Ustinlikdan maksimum fayda alds etmak dglin institusional
islahatlarin darinlasdiriimasi, ragamsal texnologiyalarin tatbigi va beynalxalg amakdashgin
genislandirilmasi zaruri sartlardir [7, s.41-43]. Dahlizlar UGzra hartarafli iqtisadi giymatlandirmanin
aparilmasi davamli inkisaf strategiyalarinin elmi asaslarla formalasdiriimasi baximindan prioritet
vazifa olaraq galir [4, 5.68-70].
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BEYNOLXALQ NOQLIYYAT DOHLIZLIRININ
AZDRBAYCANIN XARICI TICARSTIND TOSIRI:
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Xillasa: Bu tadgigat beynalxalg nagliyyat dahlizlarinin Azarbaycanin xarici ticarat gostaricilarina
coxsaxali tesirini arasdirir. Olkanin ixrac potensialinin genislanmasinas, idxal xarclarinin
azaldilmasina va ticarat ortaglari ila alagalarin darinlasmasina nagliyyat infrastrukturunun téhfasi
giymatlandirilir. Logistika xarclarinin azalmasi, catdiriilma middatlarinin gisalmasi va bazarlara
¢ixis imkanlarinin genislanmasi baximindan dahlizlarin xarici ticarat ragabat gabiliyystine misbat
tasiri asaslandirilir.

Acar sozlar: xarici ticarat, naqliyyat dahlizi, ixrac potensiali, logistika xarclori, ticarat rogabat
qabiliyyati, Azarbaycan, tranzit

Abstract: This study examines the multifaceted impact of international transport corridors on
Azerbaijan's foreign trade indicators. The contribution of transport infrastructure to expanding the
country's export potential, reducing import costs, and deepening relations with trade partners is
assessed. The positive effect of corridors on foreign trade competitiveness is substantiated in
terms of reduced logistics costs, shorter delivery times, and expanded market access.

Keywords: foreign trade, transport corridor, export potential, logistics costs, trade
competitiveness, Azerbaijan, transit

Giris

Beynalxalg ticaratin hacminin sirstle artdigl muasir dévrds nagliyyat infrastrukturu
Olkalarin xarici igtisadi faalligini birbasa miayyan edan amila ¢evrilmisdir. Yiksak logistika xarclari
va uzun catdiriilma middatlari ixracatcilarin ragabst gabiliyyatini zaifladarak ticarst axinlarini
shamiyyatli daracads azalda biler [7, s.22—-25]. Bu baximdan Azarbaycanin srazisinden kecan
beynalxalg nagliyyat dshlizlarinin inkisafi 6lkanin xarici ticarat imkanlarinin genislandirilmasinin
9sas ricaglarindan birina cevrilmisdir. Dovlat Statistika Komitasinin malumatlarina goéras, nagliyyat
infrastrukturuna yoénaldilan investisiyalarin artimi ixrac hacminin musbat dinamikasi ila paralel
inkisaf etmisdir [2, s.104-107].

Nagliyyat xarclarinin xarici ticarate tasiri. Logistika xarclarinin azaldilmasi ixracatgilarin
beynalxalg bazarlarda ragabat Ustlinlliyl gazanmasinda midhUm rol oynayir. Tadqgiqatlar gdstarir
ki, nagliyyat xarclarinin 10 faiz azalmasli ixrac hacmini orta hesabla 5-8 faiz artirir [7, 5.38—41].
Azarbaycanda Orta Dahliz va Simal-Canub dahlizinin inkisafi naticasinda amtaa ddvriyyasinin maya
dayari asagli dismdis, bu da yerli istehsalcilarin xarici bazarlara ¢ixisini asanlasdirmisdir [5, s.47-50].

ixrac potensialinin genisloanmasi. Nagliyyat dahlizlarinin inkisafi Azarbaycanin vyeni
bazarlara c¢ixis imkanlarini ahamiyyatli daracada artirmisdir. Dahlizlar vasitasila Markazi Asiya,
Avropa va Canubi Asiya bazarlarina catdirilma muddatlarinin gisalmasi Azarbaycan mallarinin
hamin bazarlarda ragabst gabiliyyatini yUksaltmisdir [1, 5.63—67]. Qeyri-neft sektoru Uzra ixrac
gostaricilarinin artiminda nagliyyat infrastrukturunun takmillasdirilmasinin xtsusi payr misahida




Proceedings of the 13th International Scientific Conference

olunur; bu tendensiya xisusila kand tasarrifati mahsullari va ylngul sanaye mallari Uzra aydin
nazara garpir [3, 5.88-92].

Ticarat balansina struktural tasir. Nagliyyat dahlizlarinin inkisafi yalniz ixraci deyil, idxal
amaliyyatlarinin  samaraliliyini da artirir. Catdirlma muddatlarinin  gisalmasi istehsalgl
muassisalarin xammal va yarimfabrikat ehtiyatlarini azaltmasina, dovriyya vasaitlarinin daha
samarali istifadasina zamin yaradir [4, 5.79-83]. Uzunmiddatli perspektivda isa tranzit galirlariila
ixrac galirlarinin birlikda artmasi 6lkanin ticarat balansinin misbatlasmasina tohfa verir [3, 5.95—
97].

Ticarat sabakasinin genislanmasi va diversifikasiyasi. Beynalxalg nagliyyat dahlizleri
Azarbaycanin ticarat ortaqglarinin cografiyasini genislandirir. Dahlizlar vasitasila Azarbaycan ila
alagalar quran olkalarin sayinin artmasi ixrac bazarlarinin diversifikasiyasina imkan verir, bu da
xarici ticaratin tak bir bazara asililigini azaldir [6, s.31-35]. Ticarat sabakasinin genislanmasi
hamcinin xarici birbasa investisiyalarin calb olunmasini stimullasdiraraq igtisadi inkisaf G¢ln alava
resurs bazasi yaradir [1, s.71-74].

Natica

Beynalxalg nagliyyat dahlizlarinin inkisafi Azarbaycanin xarici ticarat potensialinin
reallasdirilmasinda strateji shamiyyat daslyir. Logistika xarclarinin  azalmasi, c¢atdirilma
muddatlarinin gisalmasi va yeni bazarlara cixis imkanlarinin genislanmasi 6lkanin ixrac ragabat
gabiliyyatini yiksaltmakla yanasi, ticarat balansina da misbat tasir gostarir [4, 5.86-88]. ixrac
bazarlarinin cografi diversifikasiyasi isa igtisadi sabitliyin méhkamlandirilmasi baximindan xtsusi
shamiyyat kasb edir. Bu sahada institusional mexanizmlarin gliclandirilmasi va ragamsal logistika
hallarinin tatbigi perspektivda dahlizlarin xarici ticarata téhfasini daha da artiracaqdir [6, s.38—40].
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Xulasa

Muasir igtisadi saraitde muassisalarin maliyya faaliyyatinin dlzgin ugotunun taskili va maliyya
hesabatlarinin beynalxalg standartlara uygun hazirlanmasi xtsusi shamiyyat kasb edir. Maliyya
ohdaliklarinin ugotu musassisalarin maliyya sabitliyinin tamin olunmasi ve maliyya hesabatlarinin
saffafliginin artirilmasi baximindan mihim rol oynayir. Magalada istehsal miassisalarinda maliyya
ohdaliklarinin ucotunun beynalxalg maliyya hesabati standartlarina uygun taskili masalalari
arasdiriimisdir. Tadgigat zamani maliyya 6hdaliklarinin taninmasi, giymatlandirilmasi va maliyya
hesabatlarinda aks etdirilmasi prinsiplari tahlil edilmisdir. Eyni zamanda IFRS 9 standartinin
maliyya ohdaliklarinin ucotunda tatbiqgi xtsusiyyatlari va movcud problemlar arasdirilmisdir.

Acar sozlar: maliyya 6hdaliklari, mihasibat ugotu, beynalxalg maliyya hesabati standartlari, IFRS
9, istehsal miiassisalari, maliyya hesabati.

ACCOUNTING OF FINANCIAL LIABILITIES IN MANUFACTURING ENTERPRISES: ISSUES OF
APPLICATION OF INTERNATIONAL STANDARDS

Abstract
In modern economic conditions, the correct organization of the accounting of enterprises'
financial activities and the preparation of financial statements in accordance with international
standards are of particular importance. The accounting of financial liabilities plays a crucial role in
ensuring the financial stability of enterprises and increasing the transparency of financial
statements. This article investigates the issues of organizing the accounting of financial liabilities
in manufacturing enterprises in accordance with International Financial Reporting Standards.
During the research, the principles of recognition, measurement, and presentation of financial
liabilities in financial statements were analyzed. At the same time, the application characteristics
and existing challenges of the IFRS 9 standard in the accounting of financial liabilities were
explored. While the application of international standards ensures transparency, objectivity, and
higher quality of financial reporting, manufacturing enterprises still face certain challenges, such
as the adaptation of the accounting system, the professional qualification level of accountants,
and the modernization of information systemes.
Keywords: financial liabilities, accounting, International Financial Reporting Standards (IFRS), IFRS
9, manufacturing enterprises, financial statements.

YYET PUHAHCOBbIX OBA3ATE/IbCTB HA NMPOU3BOACTBEHHbLIX MPEAMPUATUNAX: BOMPOCHI
MPUMEHEHMA MEXOYHAPOAHbIX CTAHOAPTOB
AHHOTaUuA
B coBpemMeHHbIX 3KOHOMMYECKMX YCN0BMAX ocoboe 3HayeHwe npuobpeTatoT npaBu/IbHasA
opraHm3auma yyeta OUHAHCOBOW AEATENbHOCTW NPeanpuATMn M NOAroToBKa (GMHAHCOBOM
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OTYETHOCTM B COOTBETCTBMM C MEXKAYHAPOAHBIMM CTaHAAPTaMU. YUYeT GMHAHCOBbLIX 06A3aTENbCTB
UrpaeT BaKHYO posb B obecnevyeHMn GUHAHCOBON CTaOUAbHOCTM NPEeAnpPUATMIA 1 NOBbILIEHUN
NPO3pavyHOCTM GUHAHCOBOM OTYETHOCTWU. B cTaTbe MccaenoBaHbl BOMPOCHI OpraHM3aumn yyeta
dUHaHCOBbIX 00A3aTENBCTB  Ha  MPOW3BOACTBEHHbLIX MNPeAnpuMATUAX B  COOTBETCTBMM C
MeXAYHApPOAHbIMW CTaHAapTamM MHAHCOBOW OTYeTHOCTU. B xoae wuccnegoBaHuMAa Obliu
NpoaHanM3MpPOoBaHbl NPUHLMMbI NPU3HAHWA, OLUEHKWU M OTPaKeHUA GUHAHCOBbLIX 06A3aTENbCTB B
dMHaAHCOBOM OTYETHOCTU. B TO »Ke Bpems Oblan M3ydeHbl 0COOBEHHOCTU NPUMEHEHWS CTaHaapTa
IFRS 9 B yyeTe ¢MHAHCOBbLIX 06A3aTENbCTB WM CyllEecTByloWMe npobaembl. XOTS BHeApeHue
MeXAYHapOAHbIX CTaHA4APTOB obecneymBaeT MNpPO3pPavyHOCTb, OOBEKTMBHOCTb M MOBbILEHWNE
KayecTBa GMHAHCOBOM OTYETHOCTM, NMPOM3BOACTBEHHbIE MPEANPUATUA BCE eLLe CTAaNKMBAOTCA C
onpeaeneHHbIMN TPYAHOCTAMM, TAKMMM KaK afanTalma CUCTeMbl ByXranTepcKoro yyeTa, ypoBeHb
npodeccnoHanbHOM NOArOTOBKM ByXrantTepos U moAepHM3aLUmMa MHOOPMALMOHHBIX CUCTEM.
Kniouesble cnoBa: gpuHaHcosbie oba3amesnscmea, byxaanmepckul yyem, Mex0yHapoOHsie
cmaHAapmel puHaHcosol omyemHocmu (MC®O), IFRS 9 (MC®O 9), npouzsodcmeeHHbie
npednpusmus, UHaHCO8aAA OM4YemHOCMs.

1. Giris

Muasir igtisadi munasibatler saraitinde muassisalarin maliyys faaliyyatinin idars olunmasinda
maliyya 6hdaliklarinin ugotu mihim ahamiyyat kasb edir. Maliyya 6hdaliklari misassisanin digar
tasarrifat subyektlari garsisinda yaranan borc va 6hdaliklarini aks etdirir va miassisanin maliyya
vaziyyatinin giymatlandiriimasinda asas gostaricilardan biri hesab olunur. Maliyya ohdaliklari
dedikda miusssisanin kredit taskilatlari, tachizatcilar, investorlar va digar igtisadi subyekt lar
garsisinda yaranan borc ohdaliklari basa dustlir. Bu o6hdslikler miassisanin  maliyya
hesabatlarinda dlzglin sakilde aks etdiriimali va onlarin ucotu movcud muihasibat ugotu
standartlarina uygun apariimahdir.

Muasir dovrda global igtisadi inteqgrasiyanin giiclanmasi mihasibat ugotu sisteminda beynalxalg
standartlarin tatbigini zaruri etmisdir. Bu baximdan beynalxalg maliyya hesabati standartlari
(BMHS) musassisalarin maliyya hesabatlarinin beynalxalg saviyyada mugayisa olunmasini tamin
edan mihim normativ bazani taskil edir. BMHS sisteminda maliyya 6hdaliklarinin ucotu asasan
[FRS 9 "Maliyya alatlari" standarti ila tanzimlanir. Bu standart maliyya 6hdaliklarinin taninmasi,
ilkin giymatlandirilmasi va sonraki 6lctlmasi gaydalarini miayyan edir. IFRS 9 standartina asasan
maliyya ohdsliklari ilkin olarag adalatli dayar Uzra taninir va sonraki marhalada amortizasiya
olunmus dayar Uzra giymatlandirilir.

istehsal muassisalarinds maliyya 6hdaliklari asasan bank kreditlari, kreditor borclari, istigraz
ohdaliklari va digar maliyya borclari formasinda meydana cixir. Bu 6hdasliklarin dizgln ucotu
muassisalarin maliyya sabitliyinin teamin olunmasina va maliyya risklarinin azaldilmasina imkan
yaradir. Beynalxalg standartlarin tatbigi maliyya 6hdaliklarinin ucotunun daha saffaf va obyektiv
aparilmasina sarait vyaradir. Bu standartlarin tatbigi naticesinde miuassisalarin  maliyya
hesabatlarinin keyfiyyati artir, investorlara va digar maragl taraflara daha etibarli malumat tagdim
olunur.

Lakin istehsal miassisalarinda beynalxalg standartlarin tatbigi zamani miayyan ¢atinliklar da

movceuddur. Bu ¢atinliklar asasan mihasibat ucotu sisteminin uygunlasdirilmasi, mihasiblarin
pesakar hazirlig saviyyasi va informasiya sistemlarinin modernlasdirilmasi ila baglidir.
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Abstract

The tourism sector in the Republic of Kazakhstan functions as a multifaceted socio-
economic system, shaped by deliberate state policies aimed at economic diversification, regional
balance, cultural heritage preservation, and environmental sustainability. This article offers a
comprehensive examination of the institutional architecture, strategic policy instruments,
governance mechanisms, and empirical performance outcomes within Kazakhstan’s tourism
management framework. Drawing on official statistical data, program evaluations, and
comparative international benchmarks, the analysis highlights the sector’s growing contributions
to gross domestic product (GDP), employment, foreign exchange earnings, and social cohesion. At
the same time, it critically addresses structural challenges such as infrastructure bottlenecks,
human capital deficits, regulatory fragmentation, and sustainability pressures amid rapid visitor
growth. The study traces the state’s evolving role from direct administrative control toward a more
facilitative, collaborative model emphasizing public-private partnerships (PPPs) and community
engagement. Policy recommendations focus on digital transformation, skills enhancement,
integrated planning, and alignment with Sustainable Development Goals (SDGs) to bolster
Kazakhstan’s international competitiveness.

Keywords: tourism governance, Kazakhstan, socio-economic system, sustainable tourism
development, state regulation, economic diversification, public-private partnerships, ecotourism.

Introduction

In resource-dependent economies undergoing structural transformation, tourism
frequently serves as a strategic lever for diversification, job creation, and inclusive regional
development. The Republic of Kazakhstan, the largest landlocked country in the world, possesses
a rich mosaic of natural landscapes—including the majestic Altai and Tien Shan mountains, the
vast steppes, the Caspian Sea coastline—and a profound cultural heritage linked to the ancient Silk
Road. These assets position the nation as a promising destination, yet realizing this potential has
required sustained state intervention since independence in 1991.

State management of tourism constitutes a complex, open socio-economic system
characterized by interdependent subsystems: institutional-regulatory, economic-financial, socio-
cultural, infrastructural, and ecological. This system operates through continuous feedback loops
between policy inputs, stakeholder interactions, and measurable outputs such as tourist flows,
revenue generation, and employment levels. The government’s objectives extend beyond purely
economic metrics to encompass social equity, cultural continuity, and environmental stewardship,
aligning with broader national strategies such as “Kazakhstan 2050” and the United Nations
Sustainable Development Goals.

Major policy milestones include the adoption of the State Program for the Development of
the Tourism Industry for 2019-2025, which established ambitious targets for visitor numbers,
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investment, and GDP contribution. Subsequent updates and complementary initiatives—such as
visa liberalization, the Neo Nomad visa, and ecotourism standards—reflect adaptive responses to
global trends and domestic realities. This article provides a systematic analysis of the system’s
architecture, performance dynamics, and persistent implementation gaps, offering evidence-
based insights for further optimization.

Theoretical Framework: Tourism Governance as a Socio-Economic System

Systems theory, particularly as articulated in the works of von Bertalanffy and subsequent
applications in tourism studies, conceptualizes the sector as a dynamic entity with inputs (policies,
investments, natural and cultural resources), processes (regulation, service delivery, marketing),
outputs (economic value added, employment, visitor satisfaction), and feedback mechanisms
(monitoring, adaptation). In transitional post-Soviet contexts like Kazakhstan, governance has
evolved from highly centralized Soviet-era models toward hybrid arrangements incorporating
market incentives and multi-stakeholder collaboration.

This framework integrates elements of the experience economy (Pine & Gilmore), foresight
methodologies, and resilience thinking, especially pertinent after the COVID-19 disruptions.
Kazakhstan’s approach also aligns with global sustainability paradigms, notably the Global
Sustainable Tourism Council (GSTC) criteria and SDG targets related to decent work (SDG 8),
innovation and infrastructure (SDG 9), and responsible consumption (SDG 12). The state’s
coordinating role remains pivotal in balancing supply-side development with demand-side
promotion while mitigating negative externalities.

Institutional and Legal Framework

The central coordinating body is the Ministry of Tourism and Sports of the Republic of
Kazakhstan, supported by the national company “Kazakh Tourism” (established 2017) acting as the
primary Destination Management Organization (DMO). Regional akimats implement localized
policies, while inter-ministerial coordination involves the Ministries of Ecology, Investment and
Development, and others. Frequent institutional shifts—six changes in oversight between 1993
and 2017—have historically challenged policy continuity, though recent stabilization has improved
outcomes.

Key instruments include:

The State Program for Tourism Industry Development 2019-2025, targeting an increase in
inbound visitors to 3 million (total visitors up to 9 million), domestic tourists to 8 million,
employment growth to 650,000, and substantial investment expansion. Many targets were
adjusted and partially met amid post-pandemic recovery.

Visa reforms: expansion of visa-free regimes, e-visa introduction, and the Neo Nomad visa
for digital nomads.

Economic incentives: preferential loans via the Damu Fund (6—10% rates), long-term tax
exemptions (up to 25 years for priority projects), subsidies, and guarantees.

Sustainability measures: updates to the Environmental Code and the new national
ecotourism standard ST RK (effective 2025), aligned with GSTC principles.

Public-private partnerships and special tourism-recreational zones complement these
tools, fostering private investment while maintaining state oversight.

Socio-Economic Performance and Empirical Impact

Kazakhstan’s tourism sector has exhibited robust post-pandemic recovery. International
arrivals reached approximately 15.3 million in 2024 (excluding certain categories), with strong
growth continuing into 2025. Domestic tourism exceeded 10 million trips in 2024, approaching
strategic benchmarks.
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Economic contributions have strengthened. In 2025, the sector generated over $1.3 billion
in tax revenue (18% year-on-year increase), with foreign tourist spending at around $2.9 billion
and investments rising 33% to $2.74 billion. Direct GDP contribution approached 2.5% in recent
assessments, with total (direct + indirect) impacts estimated higher. Value added from tourism
averaged 2,050.5 billion tenge over recent periods, peaking significantly in strong years.

Employment effects are notable: the sector supports hundreds of thousands of jobs, with
projections reaching 800,000 by 2029, including new opportunities in rural agrotourism. Ancillary
sectors—hospitality, transport, agriculture, and crafts—benefit through multiplier effects (e.g.,
tourist expenditure multipliers around 2.5-2.8 in specific national park studies).

Regional dynamics reveal concentration in key hubs: Almaty (nearly half of international
visitors), Astana, Turkistan, and emerging areas like Akmola (Burabai). National parks and protected
areas saw visitation surge from 1.3 million in 2019 to 2.8 million in 2024 and nearly 4 million in
2025—a 47% increase in the latter year. Popular sites include Burabai, lle-Alatau, and Kolsai Lakes.

Digital tools such as the e-Qonaq registration system have improved data accuracy,
addressing previous underreporting from informal accommodations.

Challenges in State Management and Implementation Gaps

Despite notable progress, several interrelated challenges persist. Infrastructure deficits—
particularly roads, utilities, and quality accommodations in peripheral regions—remain a primary
constraint. Major projects (e.g., Almaty Superski, Caspian Riviera, Astana Tourism District) signal
commitment, yet execution often lags behind planning.

Human capital shortages manifest in limited skilled hospitality personnel, multilingual
services, and digital competencies. Regulatory barriers, including bureaucratic permitting and
fragmented inter-agency coordination, deter investors. Historical low budget execution rates (e.g.,
around 17% in certain program phases) underscore monitoring weaknesses.

Sustainability concerns have intensified with visitor growth. Rapid increases in national park
attendance risk ecosystem degradation without adequate carrying capacity management.
Marketing efforts, while improved through campaigns like “Kazakhstan. Very Nice!” and
international events, still require stronger global digital positioning. Regional disparities exacerbate
inequalities, with benefits disproportionately accruing to urban centers.

Comparative Analysis and Governance Effectiveness

Kazakhstan improved its ranking in the World Economic Forum’s Travel & Tourism
Development Index to 52nd out of 119 in 2024 (up six places), reflecting gains in openness,
investment, and policy environment. However, it continues to lag peers in infrastructure quality,
price competitiveness, and business facilitation.

Strengths include political stability, natural endowments, and innovative instruments
(ecotourism standards, visa reforms). Governance effectiveness has advanced via digitalization and
PPPs, yet deeper stakeholder integration and policy continuity are needed. Case studies—such as
the Almaty mountain cluster, Turkistan cultural sites, and Akmola natural areas—demonstrate both
successes in multi-stakeholder planning and persistent local implementation gaps.

Case Studies of Regional Implementation

Almaty Mountain Cluster: Master plans integrating ski tourism, urban amenities, and
environmental safeguards illustrate coordinated development, though service quality varies.

Akmola Region (Burabai and Kokshetau): High visitation to national parks highlights
potential, but infrastructure and community benefit-sharing require enhancement.

Turkistan and Silk Road Routes: Cultural heritage investments have boosted arrivals,

supporting local crafts and hospitality.
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These examples underscore the necessity of place-based strategies tailored to specific
resource profiles within the national system.

8. Recommendations for Systemic Optimization

To strengthen the socio-economic system, the following evidence-based measures are
proposed:

Establish a unified national-regional coordination platform with real-time digital monitoring
dashboards.

Streamline investment procedures through “one-stop” mechanisms and expanded green
incentives.

Scale targeted vocational and higher education programs in partnership with international
institutions.

Mandate comprehensive carrying capacity assessments and link tourism revenues to
conservation funds.

Accelerate digital transformation, including Al-supported personalization and unified
booking platforms.

Promote community-based tourism models to ensure inclusive benefits, particularly for
rural and women-led enterprises.

Refine KPIs to incorporate SDG alignment, resilience indicators, and visitor experience
metrics.

Deepen multilateral cooperation with UNWTO, UNDP, and global investors.

A comprehensive post-2025 national tourism master plan, grounded in independent audits
and foresight exercises, should anchor the next development phase.

Conclusion

State management of the tourism sector in Kazakhstan exemplifies a socio-economic
system in active transition—from centralized resource mobilization toward adaptive, collaborative
governance attuned to sustainability and competitiveness imperatives. Empirical gains in visitor
numbers, revenues, investments, and employment demonstrate the efficacy of strategic policy
interventions. Nevertheless, bridging persistent implementation gaps through enhanced
coordination, human capital investment, and environmental safeguards remains essential for
unlocking the sector’s full potential.

Strategically located at the crossroads of Eurasia, endowed with unparalleled natural and
cultural diversity, Kazakhstan is well-positioned to emerge as a leading tourism destination in
Central Asia. Optimized governance will not only accelerate economic diversification and
prosperity but also advance cultural dialogue, ecological balance, and social well-being across
generations. Future research should focus on longitudinal impact evaluations and comparative
governance models to further inform policy evolution.
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Ikinci Qarabag Muharibasindan sonra
dasinmaz amlak va mulkiyyat htqguglarinin
barpasi prosesi: problemlar va
perspektivlar

The process of restoring real estate and property rights after the Second Karabakh War: challenges
and prospects

Hamzayev Sexavat Eldar oglu

Abstract: Following the Second Karabakh War, the large-scale reconstruction and
rehabilitation activities carried out in the liberated territories have created new opportunities for
the development of the real estate sector in the Karabakh Economic Region. The reconstruction of
residential areas, the implementation of modern urban planning principles, and the restoration of
transportation and utility infrastructure have significantly contributed to the formation and growth
of the regional real estate market. This article examines the main directions of real estate
development in the Karabakh Economic Region, the key factors influencing this sector, and the role
of state reconstruction programs and investment projects. Furthermore, the study analyzes the
restoration of property rights, the return of displaced populations, the implementation of Smart
City and Smart Village concepts, and the impact of socio-economic development on the real estate
market. The findings indicate that the sustainable development of the real estate sector in the
Karabakh Economic Region depends on the expansion of infrastructure projects, the improvement
of the investment climate, and the adoption of modern management mechanisms.

Xilasa. ikinci Qarabag muharibasindan sonra azad edilmis arazilards genismiqyasli barpa va
yenidengurma islarinin hayata kecirilmasi Qarabag igtisadi zonasinda dasinmaz amlak sektorunun
inkisafi Ucln yeni imkanlar yaratmisdir. Regionda yasayls mantagalarinin yenidan qurulmasi,
muasir seharsalma prinsiplarinin tatbigi, nagliyyat ve kommunal infrastrukturun barpasi dasinmaz
amlak bazarinin formalasmasina va inkisafina mihim tasir gdstarir. Magalada Qarabag igtisadi
zonasinda dasinmaz amlakin inkisaf istigamatlari, bu sahaya tasir edan asas amillar, dovlat
tarafindan hayata kecirilan barpa programlari va investisiya layihalari tahlil edilir. Hamginin
mdilkiyyat huquglarinin  barpasi, shalinin geri qayidisi, “Agilh  sahar” va “Agilli kand”
konsepsiyalarinin tatbigi, elaca da regionun sosial-igtisadi inkisafinin dasinmaz amlak bazarina
tasiri arasdirihr. Tadgigat naticasinds muayyan edilmisdir ki, Qarabag igtisadi zonasinda dasinmaz
amlak sektorunun davamli inkisafi Gg¢ln infrastruktur layihslarinin genislandiriimasi, investisiya
muhitinin takmillasdirilmasi va miasir idarsetma mexanizmlarinin tatbigi xtsusi shamiyyat kasb
edir.

Acar sozlar: Qarabag igtisadi zonasi, dasinmaz amlak, dasinmaz amlak bazari, ssharsalma,
yenidangurma, Boylk Qayidis, mulkiyyat hiquglari, investisiya mahiti, agilli sahar, agilli kend,
regional inkisaf.

Keywords: Karabakh Economic Region, real estate, real estate market, urban planning,
reconstruction, Great Return Program, property rights, investment climate, Smart City, Smart
Village, regional development.
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Girig

GUndmuzds minagisadan sonraki dovrda dasinmaz amlakin barpasi va inkisafi igtisadi
dircalisin asas istigamatlarindan biri hesab olunur. ikinci Qarabag miharibasindsn sonra azad
edilmis arazilarda genismiqyasli barpa va yenidanqurma islarinin hayata kecirilmasi dasinmaz
amlak sektorunun inkisafi Gg¢ln yeni imkanlar yaratmisdir. Mhariba naticasinda yasayis evlarinin,
sosial infrastrukturun va istehsal obyektlarinin dagidilmasi regionda amlak minasibatlarinin
yenidan formalasdiriimasini zaruri etmisdir.

Qarabag igtisadi zonasinda hayata kecirilan yenidangurma layihalari, yeni yasayis
mantagalarinin salinmasi, "Agill sahar" va "Agill kand" konsepsiyalarinin tatbigi, nagliyyat va
kommunal infrastrukturun barpasi dasinmaz amlak bazarinin inkisafina mihim tasir gostarir. Eyni
zamanda, macburi kocklnlarin dogma yurdlarina gayidisi, milkiyyat hiquglarinin barpasi ve
investisiya muhitinin yaxsilasdirilmasi regionda dasinmaz amlak sektorunun perspektivlarini daha
da genislandirir.

Bu baximdan Qarabag igtisadi zonasinda dasinmaz amlakin inkisaf istigamatlarinin
arasdiriimasi ham elmi, ham da praktiki cahatdan aktualdir. Tadgigatin asas magsadi regionda
dasinmaz amlak bazarinin formalagsmasina tasir edan amillarin, mévcud problemlarin va galacak
inkisaf perspektivlarinin tahlil edilmasidir.

9sas hissa

Munagisadan sonraki dovrda dasinmaz amlak hiquglarinin barpasi igtisadi ve sosial
dirgalisin asas sartlarindan biri hesab olunur. Qacqginlarin ve macburi kockinlarin manzil, torpaq
va digar amlak Uzarinda hiquglarinin barpasi beynalxalg hiiqugun asas prinsiplarindan biridir.
Yasayis yerina gayitmag, adekvat manzils sahib olmaqg, miulkiyyat hiquglarinin gorunmasi va
sarbast harakat etmak higugu muinagisadan zarar ¢akmis insanlarin sosial rifahinin va
tahllkasizliyinin tamin edilmasinda mihim rol oynayir. Bu baximdan dasinmaz amlakin barpasi
valniz hiiqugi masala deyil, ham da sosial sabitliyin va igtisadi inkisafin vacib elementi kimi cixis
edir.

MUharibadan sonra dasinmaz amlakin barpasi prosesinda muxtalif problemlar meydana
cixir. ©n ciddi catinliklardan biri torpaq sahalari va tikililarla bagli senadlarin itirilmasi ve ya
Umumiyyatle movcud olmamasidir. Bir ¢cox hallarda torpaglar va tikililar rasmi geydiyyata
alinmadigindan onlarin hlqugi statusunu muiayyan etmak va sahibliyi sibut etmak c¢atinlasir.
Bundan alava, ahalinin macburi kdglrilmasi, geyri-rasmi torpagq istifadasi, torpag mibahisalari va
mulkiyyat hdquglari ile bagh geyri-muiayyanliklar dasinmaz amlak bazarinin formalasmasina va
inkisafina manfi tasir gostarir. Buna gora da milkiyyat hiquglarinin barpasi va rasmilasdirilmasi
regionun uzunmuddatli inkisafi G¢ln vacib sartlardan hesab olunur.

Qarabagda miharibadan sonra hayata kegirilon dovlet programlarinin  asas
istigamatlarindan biri yeni manzil fondunun yaradilmasi olmusdur. Evsiz galmis ailalarin manzilla
tamin edilmasi magsadile yeni yasayis binalarinin va vyasayis mahallalerinin tikintisina
baslaniimisdir. Bu layihalar minlarle ailanin manzil saraitinin yaxsilasdiriimasina, yeni yasayis
mantagalarinin  formalasdiriimasina  ve  ahalinin  dogma  torpaglarina  gayidisinin
stratlandirilmasina xidmat edir. Manzil fondunun genislandirilmasi yalniz sosial magsadlara deyil,
eyni zamanda regionda dasinmaz amlak bazarinin formalasmasina va investisiya aktivliyinin
artmasina da musbat tasir gdstarir.

Dasinmaz amlak sektorunun inkisafinda muasir kadastr va geydiyyat sisteminin yaradilmasi
xUsusi shamiyyat daslyir. Qeydiyyata alinmis torpaq va tikililar Gzra malumatlarin elektron bazada
saxlaniimasi amlakin hiqugi statusunun muayyanlasdirilmasini asanlasdirir. Lakin geyri-rasmi
istifade olunan torpaqg sahalari va geydiyyatsiz tikililar dasinmaz amlakin idara olunmasi va
kompensasiya mexanizmlarinin tatbiginds ciddi c¢atinliklor yaradir. Buna gore da kadastr
malumatlarinin yenilanmasi, mulkiyyat hliquglarinin rasmilasdirilmasi va dasinmaz amlakin vahid
informasiya bazasinin formalasdirilmasi prioritet istigamatlardan biri kimi giymatlandirilir.
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Qarabag iqtisadi zonasinda dasinmaz amlakin inkisafi yalniz yeni yasayis va kommersiya
obyektlarinin tikintisi ile mahdudlasmir. Bu proses hamginin mulkiyyat hiquglarinin barpasini,
torpag munasibatlarinin  tanzimlanmasini, muasir kadastr sisteminin formalasdiriimasini,
investisiya muhitinin yaxsilasdiriimasini va ahalinin dayanigh maskunlasmasinin tamin edilmasini
ohata edir. Dasinmaz amlak sektorunun inkisafi regionun sosial-igtisadi dir¢alisinin mihim
istigamatlarindan biri olmagla yanasi, Qarabagin uzunmuddatli igtisadi inkisafi va investisiya
calbediciliyinin artirilmasi G¢ln da asas zamin yaradir.

Birinci Qarabag muharibasindan sonra BMT-nin malumatlarina asasan Azarbaycan ahalisi
arasinda macburi kocklnlarin Gmumi sayl taxminan 750 min nafar taskil etmisdir. Bu gdstariciya
Qarabagin 6zindan, ona bitisik yeddi rayondan va Ermanistan arazisindan kdckin dismus saxslar
daxil idi. 1990-c1 illarin avvallarinda hamin insanlar cadir seharciklarinda, yatagxanalarda, inzibati
binalarda va hatta istifadadan ¢ixarilmis vagonlarda maskunlasdiriimisdilar. Sonraki dévrda dovlst
tarafinden sosial manzillarin tikintisina baslaniimis, macburi kdgkidnlarin manzil saraitinin
yaxsilasdiriimasi istigamatinda ardicil tadbirlar hayata kegirilmisdir.

Ikinci Qarabag miharibasindsn sonra isa dévlat siyasstinin asas istigamatlarindan biri
“Boylk Qayidis” programi cargivesinda ahalinin dogma torpaglarina geri doéntsinin tamin
edilmasi olmusdur. Apariimis sorgular gdstarir ki, macburi kockinlarin ahamiyyatli hissasi 6z
dogma yurdlarina gayitmaq niyyatindadir. Bununla yanasi, uzun illar arzinds formalasmis yeni
sosial va igtisadi sarait, xUsusila da ganc naslin boylk ssharlards maskunlasmasi geri gayidis
prosesina muayyan tasirlar gdstarir.

Qarabaga qgayidis prosesinin ugurla hayata keciriimasi regionda dasinmaz amlak
sektorunun inkisafi Gciin mihim shamiyyat dasiyir. Yeni yasayis mahallalarinin salinmasi, fardi
evlarin va coxmanzilli binalarin tikintisi, sosial vo kommunal infrastrukturun yaradilmasi dasinmaz
amlaka olan talabati artirir. Eyni zamanda, dovlst terafindan vyalniz daimi maskunlasmaq
niyystinds olan vatandaslarin manzills tamin edilmasinin nazards tutulmasi yasayis fondunun
samarali istifadasina va regionda dayanigli maskunlasmanin formalasmasina xidmat edir.

dhalinin Qarabaga geri gayidisi dasinmaz amlak bazarinin genisleanmasina, yeni yasayis
sahalarinin yaradilmasina, tikinti sektorunun canlanmasina va regionun Umumi sosial-igtisadi
inkisafina mihum tohfa verir.

2020-ci ilds Ikinci Qarabag miharibasindan sonra Qarabagin azad edilmis arazilsrinds
maskunlasma ve dasinmaz oamlakin barpasi masalalari  ddvlet siyasatinin  prioritet
istigamatlarindan birina cevrilmisdir. Birinci Qarabag miharibasi naticasinda ylz minlarla insan
dogma yurdlarini tark etmaya macbur olmus, uzun illar arzinda 6lkanin muxtalif bolgalarinda
mivaggati yasayls mantagalarinde maskunlasmisdir. Muharibadan sonraki dovrds hoayata
kecirilon “Boylk Qayidis” programi hamin ahalinin dogma torpaglarina geri dontsini va normal
yasayls saraitinin yaradilmasini nazards tutur. Bu magsadls azad edilmis arazilarda yeni yasayis
mahallalarinin, fardi evlarin, coxmanzilli binalarin, sosial obyektlarin va mihandis-kommunikasiya
infrastrukturunun qurulmasi istigamatinda genismiqgyash layihalar hayata kecirilir.

Dasinmaz amlak sektorunun inkisafi baximindan asas masalalardan biri miulkiyyat
hiquglarinin barpasi va torpag minasibatlarinin yeniden tanzimlanmasidir. Uzun illar arzinda
istifadasiz qalmis va ya dagidilmis yasayls mantaqgalarinin yenidan qurulmasi lglin torpaq ugotu
sisteminin takmillasdirilmasi, vahid kadastr malumat bazasinin yaradilmasi va dasinmaz amlakin
rageamsal geydiyyatinin aparilmasi mihim shamiyyat dasiyir. Bununla yanasi, yeni igtisadi va
sosial saraita uygun olarag muasir saharsalma prinsiplarinin tatbiqi, “Agill sahar” va “Agilli kand”
konsepsiyalarinin reallasdiriimasi regionda dasinmaz amlak bazarinin inkisafina yeni imkanlar
yaradir.

Azad edilmis arazilarin barpasi yalniz yasayis fondunun yaradilmasi ile mahdudlasmir.
Regionda kand tasarrifati, senaye, xidmat va turizm sahalarinin inkisafi Ggln slverisli sarait
formalasdirilmasi da dasinmaz amlak bazarina misbat tasir gdstarir. Yeni is yerlarinin yaradilmasi,
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igtisadi aktivliyin artmasi va ahalinin geri gayidisinin sliratlanmasi naticasinda yasayis, kommersiya
va sanaye tayinath dasinmaz amlaka talabatin artacagl gozlanilir. Bu baximdan Qarabag igtisadi
zonasinda dasinmaz amlak sektorunun inkisafl regionun Umumi sosial-igtisadi dir¢alisinin asas
istigamatlarindan biri hesab olunur.

Qarabaga gayidis prosesi ¢carcivasinda macburi kockln ailslari tarafindan itirilmis yasayis
evleri va digar dasinmaz amlak obyektlari barads malumatlar toplanir. Bu maqgsadle
vatandaslardan onlarin mihariba naticasinda itirdiklari evlar, torpaqg sahalari va digar amlaklar
barada malumatlar taqdim etmalari talab olunur. Mulkiyyat sanadlarinin itirilmasi hallarinda
hamin sanadlarin arxiv materiallari va ya mahkama prosedurlari vasitasila barpasi nazarda tutulur.
Eyni zamanda mulkiyyst hiiqugunun tasdiglanmasi U¢ln fotosakillar, sahid ifadalari va digar slibut
vasitalarindan da istifads oluna bilar.

Dasinmaz amlakin barpasi va yeni yasayls mantagalarinin yaradilmasi prosesinds asas
masalalardan biri kompensasiya mexanizmlarinin formalasdirilmasidir. Uzun illar arzinds bas
vermis igtisadi dayisikliklar nazara alinmagla itirilmis amlakin dayarinin miayyan edilmasi va
adekvat kompensasiya mexanizmlarinin hazirlanmasi xUsusi shamiyyat kasb edir. Bu istigamatda
hayata kecirilan tadbirlar regionda dasinmaz amlak bazarinin inkisafina, investisiya muhitinin
yaxsllasdiriimasina va ahalinin dogma torpaglarina gayidisinin stratlandirilmasina xidmat edir.

Natica

Qarabagda minagisadan sonraki dovrds dasinmaz amlakin barpasi va inkisafi yalniz yasayis
evlarinin yenidan tikilmasi ile mahdudlasmir. Bu proses ham da macburi kockiinlarin geri gayidis,
milkiyyst hlquglarinin  barpasi, sosial infrastrukturun qurulmasi ve iqgtisadi faaliyystin
canlandiriimasi kimi kompleks masalalari shata edir. Regionda uzunmiddatli va dayanigli
maskunlasmanin tamin olunmasi Uclin yeni yasayls mantagalarinin yaradilmasi ila yanasi,
masgullug imkanlarinin artinlmasi, kand tasarrifatinin inkisafl, nagliyyat ve kommunal
infrastrukturun barpasi da miuhim shamiyyat kasb edir.

Son illarda Qarabagda genismiqyasli tikinti ve yenidangurma layihalari hayata kecirilsa da,
dasinmaz amlak bazarinin tam formalasmasi Ggin bir sira hiqugi va institusional problemlarin halli
talab olunur. Mulkiyyat sanadlarinin itirilmasi, torpaq ucotu sisteminin yenidan qurulmasi, kadastr
malumatlarinin  daqgiglasdiriimasi va kompensasiya mexanizmlarinin takmillasdirilmasi bu
istigamatda asas vazifalar hesab edilir. Eyni zamanda, miharibadan sonraki dévrda formalasmis
yeni sosial va igtisadi sarait shalinin geri gayidis prosesina va dasinmaz amlaka olan talabatin
strukturuna tasir gostarir.

Qarabag igtisadi zonasinda hayata kecirilon barpa layihaleri regionun investisiya
calbediciliyinin artiriilmasina, yeni yasayis vo kommersiya obyektlarinin yaradilmasina, hamginin
muasir saharsalma prinsiplarinin tatbigina serait yaradir. Bu baximdan dasinmaz amlak
sektorunun inkisafi yalniz tikinti faaliyystinin genislanmasi deyil, ham da regionun Umumi sosial-
igtisadi dircalisinin mihUm tarkib hissasi kimi giymatlendirilir. Bununla yanasi, ahalinin galacak
yasayls va sahibkarlig faaliyyatinin davamliliginin tamin olunmasi Qarabagda dasinmaz amlak
bazarinin uzunmiddatli inkisaf perspektivlarini miayyan edan asas amillardan biri hesab olunur.
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Ka3akcTaH pecnyb/IMKaCbIHbIH, TYPU3M
CaNacblHAAFbl *)KobanblK backapy

Nrembaesa Manuka HymrapawmngosHa
NOKTOPaHT 1 Kypca KaparaHaMHCKOro yHusepcuTeTa Kasnotpebcotosa

AHHOTaUMA

Makanaga KasakctaH PecnybnukacbiHbiH, Typm3am canacbiHaafbl »Kobanblk Hackapyapl
KONZAHYAbIH TEOPUANbIK KOHE MPaAKTMKabIK acnekTinepi KapacTbipblifaH. HobanbiK Tacingin,
Heri3ri KarnaaTTapbl, OHbl TYPUCTIK CaslaHbl MEM/IEKETTIK BacKkapyFa eHridy epeKLenikTepi, coHaam-
aK TYPU3MAI AaMbITyabIH CTPATErMANbIK MaKCaTTapbIH iCKe acblpyaarbl }obanblk 6ackapyabiH peni
3epTTengi. TypucTik obanapabl 6ackapyablH KOAAaHbICTafbl TETIKTEPI TandaHAdbl, canana
»obanblk TaCiNAi eHri3ydiH Herisri apTblKWbIAbIKTapbl MeH npobnemanapbl amKbiHAANAbI.
MemnekeTTik 6ackapy TUIMAINIFH apTTbIPy KaHe Ka3aKCTaHHbIH TYPUCTIK MHAYCTPUACBIH OPHbIKTbI
[AaMbITY Kypaibl peTiHae obanbik 6acKkapyabl 04aH api *KeTiNAIPY KaxKeTTiNir Typaabl KOPbITbIHAbI
acanapl.

TyniHai ce3aep: kobanbik 6ackapy, Typu3m, MeMNeKeTTiK Dackapy, TypWCTIK cascar,
TYPUCTIK MHAYCTPUA, ¥YATTbIK TYPUCTIK 6HIM, OHipnepai AambITy, 6acKkapyabiH TUIMAINITI.

Kipicne

DKOHOMMKAHbI AAMbITYAbIH Ka3ipri *afaalblHAa MEMAEKETTIH, 2/1€YMETTIK-3KOHOMUKAbIK,
NAMybIHbIH, CTpaTervanblk MaKcaTTapblHa KON JKeTKi3yAi KamTamacbl3 eTeTiH 0OacKkapydblH,
NHHOBAUMA/bIK 3A4iCTEPIH eHri3y epeklle MaHbi3fa ne. OcbiHAan KypandapabiH, Hipi-anemHiH,
KenTereH enaepiHiH, MemMeKeTTiK backapy kyheciHe OenceHpi eHrisinin KaTkaH »Kobanblk,
backapy.

KazakctaH  Pecnybamkacbl  yWiH  TypUCTIK  canaHbl  AaMbITy  3KOHOMMKaHbI
opTapanTaHAblpyablH, 6acbiM OafbiTTapbiHbIH - Oipi 60abIN  alKbiHAANAbl. Typu3mM  XablKTbl
KYMbICNEH KaMTybl YAFANUTYy, MHBECTMUMANAP TapTy, MHPPAKYPbIAbIMAbI AAMbITY KaHe enfiH
XafiblKapasnblK TapTbIMAbINbIFbIH apTTbIPy YLWWIH aTapablkTan aneyetke me. OcbifaH 6alnaHbICTbI
TYPU3M canacblHAarbl MeMIEKETTIK Dafdapnamanap mMeH 6acTamanapdbl iCKe acblpy KesiHae
}obanblk Tacingi KonaaHy epekile e3eKTi 6oabin oTbip [1].

Ocbl makanaHbiH MaKkcaTbl KasakcTaH PecnybankacbiHbiH Typr3m canacbiHAafbl KobanblK,
Hackapyabl KONAaHy epeKLIeNniKTepiH 3epTTey KaHe OHbl XKeTinaipy 6afbiTTapblH anKbiHAay 60bIN
Tabblnagpl.

Hobanbik 6ackapyabiH TeOpPUANbIK Herizaepi
obanbik backapy - 6yn lweKkTeyni pecypctapmeH benrineHreH meps3imae HaKTbl
MaKcaTTapfa »keTyre OafblTTanfaH aicTep, Kypangap MeH npouecTep KyMeci. XanblKapasblk,
CTaHAapTTapfa Ccalkec, »oba biperei eHiMAi, KbI3METTI HEMEeCe HITUMKEHI acayfa apHa/ifaH
YaKbITLLA K3CINOPbIH pPeTiHAE KapacTblpblaadbl.
Hobanbik 6ackapyablH, HEri3ri NPUHUMATEPI:
— HaKTbl HOTMXKEre KON XKeTKizyre bafaapnaHy;
— KoDaHbl icKe acbipy Mep3iMmaepiHiH, WeKTenyi;
— pecypcTapAbl yTbiMAbl NakaanaHy;
— Tayekenaepai backapy;
— BeJOMCTBOApasblK 63apa iC-KMMbI;
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— TYPaKTbl MOHUTOPUHT XXaHe OpbliHAANYbIH Dakblnay [2].

Oactypni dyHKUMoHanabl HackapydaH arblpMallblbiFbl, *Kobanblk Tacin pecypcTapap
HaKTbl CTpaTeruanblK MaKcaTTapfa LWOFblpAaHAbIpyFa, LWewim Kabblngay npouecTepiHin,
allbIKTbIFbIH KAamMTaMacbl3 eTyre KaHe Kobafa KaTblCylblnapablH, TYNKIAIKTI HaTUXenep YLiH
ayankepLuinirin apTTbipyfa MyMKiHA K Bepeai.

onemaik Toxipmbene kobanblk 6ackapy MHPPaKypPbIAbIMAbLIK,  MHBECTULUMANbIK,
ONEYMETTIK »KaHe TYpPUCTIK obanapapl iCKe acbipyaa KeHiHeH KonaaHbinagbl. OHbl NanganaHy
MeMNEKeTTIK BacKkapyabiH TUIMAINITIH apTTbIPyFa bIKNaa eTe/i }KaHe e/WEHETIH HATUXKEeNepre Ko
YKETKI3yai KamTamachI3 eTedi.

KasaKCcTaHHbIH MEMEKETTIK CEKTOPbIHAA *KOobanblk Backapydbl AaMbITy
CoHFbl Xblgapbl KasaKkcTaHZa MeMIeKeTTiK opraHaapdblH,  Kbi3MeTiHe KobasbiK,
Hackapyabl eHrizy 60MbIHLIA KYWEei }KYMbIC Kyprisinyae. byn npouecke aKkiMmLinik pedbopmanap
MeH MeM/IeKeTTiK BacKapydbl *XaHFblpTy WeHbepiHae eneyni cepnid bepinai.
Ka3sipri yakbITTa *kobanbik 6ackapy yATTbIK }obanapabl, MeMnekeTTiK bafaapnamanapabl
YKoHe OHipAiK AaMy XKocnapnapblH KOca anfaHaa, eniH CTpaTernanblK KyKaTTapblH iCKe acblpyablH,
Heri3ri KypanaapbiHbiH Oipi peTiHae kKapacTbipblayaa [3].
MemneKkeTTik cekTopaa *obanblk backapyabl eHri3ydiH, Heri3ri makcaTTapbl:
—  OloAXeT KaparkaTblH nanganaHy TMiMAiAiriH apTTbipy;
—  [aMyAblH CTPaTErMAAbIK KePCETKILUTEPIHE KON XKETKI3y;
— BEAOMCTBOApanblK YMNECTIpYai KYLenTy;
— BHackapy NPoLEeCcTepiHiH allibIKTbIFbIH KAMTAMachI3 eTy;
—  MeM/eKeTTiK bacTamanappl icke acbipy Mep3imaepiH KbickapTy [4].
Hobanblk Tacin TYpM3M canacbliHA@ epeKllie MaHbl3fa Me, MyHZa apTypai MeMAeKeTTiK
opraHaapapbiH, BU3HEC NeH KOFaM/bIK YMbIMAAPAbIH, KbI3METIH YMNECTipY KaXKeT.

KazakctaH  PecnybaumkacbiHbiH — TypM3am  canacblHAafbl  Kobanblk — HacKapydblH,
epekuwenikrepi
Typu3M-Kenik, KOHaK VY1 WapyawblablFbl, KOFAMAbIK TaMaKTaHy, M34eHMEeT, CnopT,
3KON0rMA KaHe BacKa Aa KbI3MeT cananapbiH DipiKTipeTiH Kypaeni canaapanbik xye. CoHAbIKTaH
TYPUCTIK CaAcaTTbl »Ky3ere acblpy 3aMaHaym 6ackapy TEXHONOTUANAPbLIH KOAAAHYAbl Tanan eTeai
[5].
KasaKkcTtaHaa Typmamai gambiTy 6acekere KabineTTi TYPUCTIK OHIMAI KanbiNTacTbipyadpbl
OHE  TYPU3MHIH, ~ YATTbIK ~ JKOHOMMKAra  V/AeCiH  apTTblpyadbl  Ke3aeWTiH  KasakcTaH
PecnybnuMKacbiHbIH,  TYpPUCTIK  canacblH  gambiTyablH,  2023-2029  KbingapFa  apHaafaH
TYXbIPbIMAAMaCbIHA COMKEC Ky3ere acbipbliagbl [6].
TypuUCTiK canagarbl »kobanblk backapy MbiHagan MiHAETTepAi wellyre barbITTanfaH:
—  TYPWCTIK MHOpPaKypbIAbIMAb! AaMbITY;
—  KaHA TYPUCTIK MapLlpyTTap MeH AeCTUHAUMANAP Kypy;
—  MHBECTUUMANapAbl TapTy;
—  TYPWUCTIK KbI3MEeTTEepAiH CanacbiH apTTbIpy;
—  XanblKapanblK HapPbIKTa YATTbIK TYPUCTIK BHIMAI XKbIAXKbITY;
—  TYPWCTIK canaHbl uudpnaHabipy.
TypUCTIK })obanapablH MaHbI34bl epeKLeniri onapapiH KeweHai cunaTbl 60abin Tabblnaap.
TinTi 6ip TYPUCTIK HblCaHAbI iCKE acblpy MeMIEKETTIK OpraHAapAblH, MHBECTOPNAPAbIH, *KePTiNiKTi
aTKapylwbl opraHaapablH, TYPUCTIK YMbIMAAP MEH XaNblKTbliH KaTbICyblH Tanan eTeai.
Kobanbik Tacin bapabik Mmyaaeni TapanTapablH, KyL-KirepiH 6ipikTipyre xaHe benrineHrex
Mep3iMae sKocnapaaHFaH HaTUXKeNepre KO KeTKi3ydi KaMTaMachi3 eTyre MyMKiHAiK 6epeai [7].
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OHipnik aeHrenae TypuCTiK *xobanapapbl icke acbipy

TypucTik obanapapiH eaayip beniri eHipnik AeHrenae icke acbipblnyaa. TypucTepai TapTy
YLWWiH 9neyeTi }ofapbl TYPUCTIK KNacTepaepai A4amMblTyFa epeKLle Hasap aydapbliagbl.

Ka3aKCTaHHbIH NepcneKkT1Basbl TYPUCTIK ayMaKTapblHbIH, KaTapblHa MbIHAAP »KaTadbl:

— llopTtaHabl-bypabait KypopTTbIK aiMarbl;
— Anmartbl Tay KnacTepi;

— MaHfbICTay TYPUCTIK 4eCTUHALMACDI;

— banKkaw KypopTTbIK aliMafbl;

— TypKiCTaH TYPUCTTIK OpTa blfbl;

— KapKkapanbl TypUCTTIK KnacTepi.

Hobanbik Oackapy weHbepiHAe aymakTapabl AambITydblH, KO/ KapTasiapblH a3ipney
Ky3ere acblpblaadbl, TUIMAINIKTIH HEri3ri KepceTKilWTepi, Kap)KblAaHAbIPY Ke34epi KoHe ic-
lapanapapl icke acbipy Mep3imaepi alKkbiHAaNaabl.

KapafaHabl OGNbICbIHBIH TyPUCTIK 2/1eyeTiH OaMbiTy epeKklle MaHbl3fa ue. OHipae
KapKkapanbl yATTbIK Napki, bankaw keni, MHAYCTPUANBIK Mypa OOBEKTINEPi KoHE 3THOMSAEHM
KelweHAepAi Koca anfaHaa, eneyni Tabum, MafileH! KaHe Tapuxm pecypctap bap.

Hobanbik Tacingi KongaHy O6JbICTbIH, TYPUCTIK MHOPAKYPbIIbIMbIH KelleHAdi AamMbITydbl
KaMTamacbI3 eTyre, eHipAiH MHBECTUUMANBIK TapTbIMAbI/IbIFbIH aPTThIPYFa KaHe TYPUCTIK afbiMabl
apTTbipyFa MyMKiHAIK 6epea) [8].

Typuamzae »kobanbik 6ackapyabl KONAAHYAbIH, apTbIKWbIAbIKTaPbI

TypucTik canafa )obanblk 6ackapyabl NanganaHy bipkatap MaHbI3Abl apTbIKWbIAbIKTapAb!
KaMTamacbl3 eTeai.

BipiHWiaeH, skobanblK Tacin pecypctapabl TMimAi 6enyre biknan etei. Opbip »obaHbIH,
HaKTbl benrineHreH 61oXKeTi, icKe acblipy Mep3imMi skaHe KyTiNeTiH HaTuxenepi bap.

EKiHwineH, ©ackapy NpPOUECTePiHiH  alWbIKTbiFbl  apTadbl.  MOHUTOPUHI  KYMECI
YKOCNapnaHfaH KepceTKilTepaeH ayblTKyNapAbl yaKTblibl aHbIKTAyFa »KoHe Ty3eTy LapanapblH
Kabblngayfa MyMKiHAiK Bepea;.

YWiHWiaeH, MEMNEKETTIK OpraHaap MeH XeKe CEKTOP apacbliHAarbl YWUAECTIPY KaKcapyaa.
Byn acipece 6usHecTiH GenceHAi KaTbICyblHCbI3 AamMybl MYMKIH eMec TYPUCTIK cana yuiH eTe
MaHpI34bl.

TopTiHWIAEH, TUIMAINIKTIH CaHAbIK X3He canasblK KepcCeTKiWTepiHae KepcCeTiareH HaKTbl
HaTUXKeNepre KON KeTKizyre baraapnay Kamramachi3 eTineai.

CoHbiMeH KaTtap, »kobanblk backapy ocnapsiay meH OaKblnayablH 3amaHaym aficTepiH
KONZaHy apKplabl ipi MHOpaKypbIIbIMABIK Kobanapapl iCKe acblpy ToyeKenaepiH a3anTyFa biknan
eteni [9].

TypucTik canaga »kobanbik backapyabl eHrizy macenenepi

AMKbIH apTbIKLLbIAbIKTapFa KapamacTaH, TYyPM3M canacbiHAa »obanblk backapydbl eHrisy
bipkaTtap npobnemanapmeH Katap *Kypea,.

HerisrinepiHiH, Oipi mMeMneKeTTiK KbI3METLiNep MeH TYPUCTIK cajfla MamMaHAapbiHbIH,
}0DOanblk MEHEeAKMEHT CaflacblHAAFbl KY3bIPeTTePIHIH, XeTKiNiKci3 aeHreli 60bin Tabbliaabl.

TyPUCTIK »o0banapapiH, ap TYPAi KaTbICyLIbIapbl apacbiHAafbl YUAECTIPY KETKINIKCi3, byn
dYHKUMANAPAbIH, KaTanaHyblHa »KoHe ic-lapanapdpl icKke acbipy Mep3iMAepiHiH, yAFatoblHa
oKenea,.

KOoCbIMLLIA KMbIHABIKTAP Kapbl PECYPCTaPbIHbIH, LEKTEYAININIMEH, KeKenereH eHipaepae
TYPUCTIK MHPPAKYPbIIbIMALI  AAMbITYAbIH, MKETKIMIKCI3 [AeHreMiMeH »aHe canaHblH  CbIpTKbI
baKTopnapFa Kofapbl TayenainirimeH 6annaHbICTbI.

backa macenenepaiH, iliHae MbiHanapAbl atan etyre 6onaapi:
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— BacKapy npouecTepiH undpnaHabipyablH KeTKiNiKci3airi;
—  TypMCTIK *kobanapaplH TMimainiriH 6aranayabiH 6ipblHFal TacinaepiHiH, 6o1maybl;
— BacKapylwblablK Welimaep Kabblngay YiliH CTaTUCTUKANbIK AePeKTEPAiH, WEeKTeNyi;
— obanapapl iCKe acblpyfa KeprinikTi KoFamaacTbiKTapAbl TapTydblH *KETKiNiKci3
AeHreni.
AtanfaH npobnemanapbl WeWy YWiH MeMNeKeTTiK ceKktopaafbl Kobanbik 6ackapyabl
O aH api MHCTUTYTTAHAbIPY *KaHe MamaHaapablH, OiNikTiAIriH apTTbipy KaxkeT [10].

KasaKkcTaH TypmamiHaeri *)kobanblk 6acKkapydbl 4aMbITy NepcrnekTmeanapsl
TypucTik canaga »obanblk Hackapydbl AaMbiTy NepcnekTnBanapbl MeMIeKeTTiK Backapy
YKYMECiH 0aaH api MKeTiN4ipyMEH KaHe LMPPbIK TEXHOMOrMANapabl eHrisymeH 6alinaHbICTbI.
bacbim DarbITTap:
— TYPWCTIK canana *Kobanblk KeHcenep Kypy;
— »obanap MOHUTOPUHTIHIH 3aMaHayn UMOPbIK NAaTGoOPManapbliH EHri3y;
—  MEeM/JIEKETTIK-KEKeLle ik aPINTECTIK TETIKTEPIH JaMbITy;
— MaMaHZapablH KaCibu Ky3blpeTTiniriH apTTbipy;
— KobanapablH TMiIMAINIriH Bafanay KyMeciH KeTinaipy;
— TYpWCTIK Xobanapabl 6ackapy canacbiHAaFbl XaNAblKapasblK bIHTbIMAKTACTbIKTbI
KEHENTY.
TYPUCTIK aFblHAaPAbl 60XKay KaHe KabblngaHfaH WewimaepaiH THiMainirin 6afanay yiid
VIKEH AepeKTep, HKacaHabl MHTENNEKT KaHe UMDPAbIK aHaNUTMKA TEXHONOMMANAPbIH NanaanaHy
epekKLe pen aTkapaabl.
ATanfaH lWapanapabl KeweHai icke acblpy Ka3aKkCTaHHbIH, TYPUCTIK canacbiHblH, Bacekere
KabineTTinirin apTTbipyfa »aHe enfi AamMbITyAblH, CTPaTervsaiblK MaKcaTTapblHa KO MKeTKi3yai
KaMTamacbI3 eTyre MyMKiHAiK bepeai.

KopbITbIHAbI

Hobanbik HGackapy Typu3m canacbiHAarbl MEMNEKETTIK cafcaTTbl iCKe acbipydblH, TMiMA)
Kypanbl 60nbin Tabbinaabl. OHbl KOAAAHY pecypcTapdbl NakganaHyabiH TUIMAINITIH apTTbipyabl,
)obanapfa KaTbICyWblNap apacbiHAafbl YANECTIpYAi »KaKCapTyAbl KoHe TypWCTIK CcanaHbl
OAMbITYAbIH, CTPATErMAbIK MaKCaTTapbliHa KO MKETKI3YAI KAMTamMachI3 eTesi.

KasakcTtaH Pecnybnmkacbl yuwiH X00anblK TaCin iWKi KaHe Keny Typu3MiH AambITy
OHIHAeri ayKkbiMAbl MIHOETTEPAi iCKe acblpy KafdalblHAa epeklle MaHbi3fa ue 6onagbl.
obanbik 6ackapyablH 3amaHayu aaicTepiH eHrisy bOacekere KabinetTi TYPUCTIK eHIMA]
Ka/bINTACTbIPyFfa, eHipaepdi AaMbITyfa KoHe TYPWU3MHIH YATTbIK 3KOHOMMKafa KOCKAH Y/ecCiH
apTTbipyfa blKkNan eteq,.

Hobanbik Hackapy KyWeciH ogaH api KeTingipy Typu3m canacbiHAafbl MeMAEKeTTiK
backapyabl KaHFbIPTYAbIH YKOHe CcanaHblH TypakTbl AaMyblH KamMTamacbi3 eTyAiH Herisri
HarbITTapblIHbIH, Oipi bonyFa THic.
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Abstract

The construction sector occupies a strategically important place in the economy of the
Republic of Azerbaijan, accounting for 6.5 percent of the country's gross domestic product in 2025.
Despite this significance, construction enterprises continue to face serious methodological
challenges in the area of overhead cost accounting and allocation. The incorrect selection of
allocation methods leads to systematic distortions in project cost calculations, pricing errors, and
unreliable financial reporting.

This article investigates the accounting and allocation of overhead costs among
construction projects, with a particular focus on three widely applied methods: the direct labor
cost base method, the machine-hour base method, and the Activity-Based Costing (ABC) method.
The study provides a comparative theoretical analysis of these methods, examining their
respective advantages, limitations, and suitability for the specific characteristics of the
construction industry, including long production cycles, simultaneous execution of multiple
projects, high capital intensity, and seasonal fluctuations. The research demonstrates that the
direct labor cost base method, which remains the most prevalent approach among Azerbaijani
construction enterprises, is methodologically inadequate for capital-intensive projects and
produces significant distortions in overhead allocation. The machine-hour base method offers a
more appropriate alternative for technically complex projects, while the ABC method provides the
highest degree of accuracy by applying separate allocation bases for each overhead cost category.
The findings confirm the research hypothesis that the choice of allocation method materially
affects project cost calculations. Practical recommendations are put forward for improving
overhead cost accounting in Azerbaijani construction enterprises, including the phased
introduction of the ABC method, the expansion of analytical accounting accounts, and the
modernization of the regulatory framework in line with the requirements of IFRS 15.

Keywords: overhead costs, cost allocation, cost of production, ABC method, accounting.

Xulasa

Azarbaycan Respublikasinin igtisadiyyatinda strateji shamiyyat dasiyan tikinti sektoru
2025-ci ilda 6lkanin Umumi daxili mahsulunun 6,5 faizini taskil etmisdir. Bele mihim bir sanaye
sahasinda faaliyyat goOsteran tikinti muassisalari Umumi istehsal xarclarinin  ucotu ve
bolUsdurulmasi sahasinda ciddi metodoloji problemlarla tzlasmakdadir. Bolisdlirma metodunun
dizgln secgilmamasi layiha maya dayarinin sistemli sakilda tahrif edilmasina, gqiymat
muayyanlasdirilmasinda xstalara va geyri-dagiq maliyya hesabatlarinin formalasmasina gatirib
cixarir. Magalada tikinti layihalari arasinda Gmumi istehsal xarclarinin ucotu va bollsdirilmasi
tadgqiqg edilir; tatbig olunan U¢ asas metod olan birbasa amak haqqgi bazasi, masin-saat bazasi va
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faaliyyata asaslanan xarc (ABC) metodu mugayisali sakilda arasdirilir. Todgigat bu metodlarin har
birinin Ustinltklarini, mahdudiyyatlarini va tikinti sanayesinin 6zlinamaxsus xUsusiyyatlari olan
uzun istehsal dovri, eyni vaxtda bir ne¢a layihanin icrasi, yiksak texnika intensivliyi va movsimi
dayiskanlik kontekstinda tatbig uygunlugunu ahatali sakilda tahlil edir. Tadgigat naticasinda
muayyan edilmisdir ki, Azarbaycan tikinti miassisalarinin praktikasinda an genis yayilmis yanasma
olan birbasa amak haqgqi bazasinda bolisdirma metodu texnika intensiv layihalar Ggin metodoloji
cohatdan geyri-adekvat olub, Gmumi istehsal xarclarinin bollisdlirilmasinda shamiyyatli tahriflara
sabab olur. Masin-saat bazasi metodu texniki cahatdan mirakkab layihalar Gglin daha uygun
alternativ taqdim edir. ABC metodu isa har Umumi istehsal xarci kateqgoriyasi Uc¢ln ayrica
bolUsdirma bazasi tatbiq etmakla an ylksak dagiglik daracasini temin edir. 9lda edilmis naticalar
tadgigatin asas hipotezini bolisdirma metodunun seciminin layiha maya dayarina shamiyyatli
daracadas tasir etdiyini tasdiglayir. Azarbaycan tikinti miassisalarinds Umumi istehsal xarclarinin
ucotunun takmillasdirilmasi magsadile ABC metodunun marhalali tatbigi, analitik ucot
hesablarinin  genislandirilmasi ve normativ bazanin MHBS 15-in talablarine uygun
muasirlasdiriimasi istigamatlarinda praktik tovsiyalar irali sGrtlmusdir.

Acar sOzlar: Umumi istehsal xarclari, xarclarin bdltsdirilmasi, maya dayari, ABC metodu,
mihasibat ucotu.

Giris

Movzunun aktualligl. Tikinti sektoru Azarbaycan Respublikasinin igtisadiyyatinda midhidm yer tutan
sahalardan biri olmagla, 2025-ci ilds 6lkanin Gmumi daxili mahsulunun 6,5 faizini taskil etmisdir.
Sektorun geyri-neft igtisadiyyatinin inkisafindaki strategji rolu, eyni zamanda ahalinin
masgulluguna, infrastrukturun genislanmasina va regional inkisafa verdiyi tohfs onu daim diggat
markazinda saxlayir. (AR Dévlat Statistika Komitasi. 2025-cii ilde Umumi Daxili Mahsul istehsal)
Bela bir mihim sanaye sahasinda miassisalarin ragabat gabiliyyati, maliyya dayanighgi va layiha
idarsetmasinin samaraliliyi bilavasita xarclarin dlzgln ucotu ila baghdir. Tikinti miassisalarinin
faaliyyati 6zlUnamaxsus xdsusiyyatlara(uzun istehsal doévrine, eyni vaxtda bir neca layihanin
icrasina, movsimi xarc dayiskanliyina va boyik hacmli avadanlig-texnika xarclarina) malikdir. Bu
xUsusiyyatlar Umumi istehsal xarclorinin (bundan sonra, UiX) miuxtslif layihalar arasinda
bolUsdUrulmasini xdsusila mirakkab bir masalaya cevirir.

UiX- amortizasiya, texnika saxlama, kémakgi isci amak haqqi, icars, enerji va sair xarclari
ahata edan tikinti maya dayarinin ahamiyyatli bir hissasini taskil edir. Lakin bu xarclarin layihalara
dlzgln nisbatda aid edilmamasi ciddi naticalara gatirir: bazi layihalarin maya dayari stni olaraq
artir, digarlarininki isa azalir; bu da giymat miayyanlasdirilmasinda ve manfast hesablanmasinda
metodoloji xatalara yol acir. Azarbaycan tikinti miassisalarinin praktikasinda UiX sksar hallarda
yalniz birbasa amak hagqi bazasinda boltUsdurtlir. Halbuki miasir idarsetma ucotu metodlari
xUsusila faaliyyata asaslanan xarc (Activity-Based Costing- ABC) metodu daha adalatli bolusdirma
imkani tagdim edir. Bu metodlarin tadgiq edilmasi va Azarbaycan saraitina uygunlasdirilmasi ham
nazari, ham da praktik baximdan aktualdir.

Todgigatin asas magsadi

Todgigatin asas magsadi tikinti muassisalarinde Umumi istehsal xarclarinin ugotu va
layihalar arasinda boltUsdirtlmasi metodlarini migayisali sakilda tahlil etmak, mdvcud metodoloji
problemlari mlayyanlasdirmak va Azarbaycan tikinti muassisalari Gcln xarclarin daha dizgin va
adalatli bollUsdlirilmasina dair praktik tovsiyalar hazirlamaqdir. Magsada ¢atmag Ucilin asagidaki
vazifalar miayyan edilmisdir:
1) UiX-nin igtisadi mahiyyatini va tikinti sahasina xas xiisusiyyatlarini arasdirmag;
2) movcud boélisdirma metodlarini; amak hagql bazasi, masin-saat bazasi ve ABC metodu

mugayisali tahlil etmak;
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3) Azarbaycan tikinti muiassisalarinin praktikasinda movcud veziyysti giymatlendirmak vea
takmillasdirma istigamatlarini miayyan etmak.

irali stirtilan hipotez
Tadgigatin asas hipotezi asagidaki kimi formalasdirilir:

Tikinti muasassisalarinda Umumi istehsal xarclarinin béldsdirilmasinda tatbig edilen
metodun sec¢imi layiha maya dayarini shamiyyatli daracads tahrif edir; faaliyyats asaslanan xarc
(ABC) metodu ananavi bollisdirma metodlari ils miqayisads daha adalatli va dagiq natica verir.
Bu hipotezdan ¢ixis edarak irali strtlan alava farziyyalar bunlardir:

1) Eyni UiX hacmi fargli béllisdiirms bazalari tatbiq edildikds muxtalif layihalar (izra shamiyyatli
daracadas farqli maya dayari gostaricilari formalasdirir;

2) Azarbaycan tikinti mlassisalarinin boyilk sksariyyati hala da sads, lakin metodoloji cahatdan
qusurlu bolisdlirma bazalarindan istifada edir;

3) ABC metodunun tatbigi xarclarin saffafligini artirir vo muassisa rahbarliyinin garar gabulunu
daha etibarli malumat bazasina séykandirir.

9dabiyyat icmali

Umumiistehsal xarclarinin ucotu va layihalar arasinda béliisdiiriilmasi masalasi mihasibat
ucotu va idarsetma ucotu elminin asas tadgigat istigamatlarindan birini taskil edir. Bu sahada
aparilmis tadgiqatlari G¢ grupa bélmak mimkindur: beynalxalg nazari tadgiqatlar, tikinti sahasina
xas metodoloji isler va Azarbaycan kontekstindaki tadgigatlar. Beynalxalg nazari tadgigatlar:
Xarclarin tasnifati, ucotu va bollisdlrilmasi metodlarinin nazari asaslari beynalxalg idarsetma
ucotu adabiyyatinda genis isiglandiriimisdir. Amerikali alimlar Carlz Horngren, Srikant Datar va
Madhav Rajan 6z fundamental darsliklarinda birbasa va dolayisi xarclarin farglandirilmasini
mifassal sakilda arasdirmis, ananavi hacm bazali bolisdirma metodlarinin muasir istehsal
saraitinda yaratdigl metodoloji mahdudiyyatlara diggat ¢cakmislar. Mualliflar faaliyysta asaslanan
xarc metodunu(ABC metodu) bu mahdudiyystlara alternativ kimi taqdim etmis ve onun daha
daqiq xarc malumati tamin etdiyini stbut etmislar [Horngren C.T., Datar S.M., Rajan M.V. Cost
Accounting: A Managerial Emphasis. 16th ed. Pearson Education, 2018].

Britaniyali alim Kolin Druri idarsetma ugotuna hasr olunmus asarindsa ABC metodunun
tatbiginin xUsusila coxsayll layiha aparan miassisalards o clmladan tikinti sirkatlarinda
ahamiyyatli dUstlnliklar verdiyini gostarmisdir. Druriya gora, ananavi amak hagql bazasinda
bolUsdirma yalniz amak intensivliyi yiksak olan istehsaatlarda adalatli natica verir; texnika va
avadanligdan genis istifada edilan tikinti sahasinda isa bu metod xarc malumatlarini ciddi sakilda
tahrif eda bilir [Drury C. Management and Cost Accounting. 10th ed. Cengage Learning, 2018].
Tikinti sahasina xas metodoloji tadgigatlar: Rus alimi Larisa Gerasimova tikinti muassisalarinin
mihasibat ucotuna hasr olunmus darsliyinds UiX-nin layihalsr arasinda bélisdiriimasinin
tikintiya xas uzun istehsal dovri, mdvsimilik amili va eyni vaxtda bir nega obyektin insasi kimi
xUsusiyyatlar sababindan digar sanaye sahalarina nisbatan daha murakkab bir masala oldugunu
asaslandirmisdir [Fepacumosa J1.H. byxeanmepckul y4ém 8 cmpoumesnscmae. Mocksa: KHOPyc,
2023].

Rus alimlari Mariya Vaxrusina va Vaqif Karimov idarsetma ucotu darsliklarinds Umumi
istehsal xarclarinin sabit va dayisan hissalara ayrilmasinin bélisdirma daqigliyini shamiyyatli
daracada artirdigini gdstarmislar. Mislliflara gors, xarclarin bu sakilda tasnif edilmasi miassisa
rehbarliyine ham gisamiddatli, ham ds uzunmiddatli gararlarin gabulunda daha etibarli
informasiya bazasi taqdim edir [BaxpywuHa M.A. byxeanmepckuli ynpasneHyeckull yyém. MocKBa:
HaumoHanbHoe obpasosaHue, 2013; Kepumos B.D. byxeanmepckuli ynpasneH4yeckul y4ém.
Mocksa: Jawkos u K, 2014].
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Beynalxalg standartlar kontekstinda tadgigatlar: MHBS 15 olan "Mdustarilarla
mugavilalardan galirlar" standartinin tikinti sektoruna tasiri beynalxalq tadgigatgilarin da diggatini
¢cokmisdir. PwC-nin analitik hesabatinda iss MHBS 15-a kecidin tikinti massisalarinin xarc ucotu
sistemlarina ciddi metodoloji talablar qoydugu, xisusile UiX-nin layihalers aid edilmasi
mexanizminin yenidan qurulmasi zarurati vurgulanmisdir [PricewaterhouseCoopers. /FRS 15:
Impact on Engineering and Construction Sector. PwC Technical Report, 2014].

Azarbaycan kontekstindaki tadgigatlar: Tikinti sektoru Azarbaycan Respublikasinin
igtisadiyyatinda mihUm yer tutan sahalardan biri olmagla, 2024-ct ilds 6lkanin Gmumi daxili
mahsulunun 6,7 faizini taskil etmisdir. aliyev va Mammadovun (2022) apardigl empirik tadqgigat
stibut etmisdir ki, tikinti sektoru il igtisadi artim arasinda iki istigamatli garsiligh alage moévcuddur
— tikintinin inkisafi igtisadi artimi stimullasdirir, igtisadi artim isa 6z ndévbasinda tikinti sektoruna
investisiya axinini gticlandirir [Aliyev, V., & Mammadov, T. (2022). The mutual impact of economic
growth and the construction sector in Azerbaijan: An empirical approach. Azerbaijan Economic
Journal, 30(2), 45-59]. Bu garsiligh alags tikinti sektorunun Azarbaycan igtisadiyyatinin inkisafinda
struktural rol oynadigini gostarir vo hamin sektorda xarclarin dizgin ugotunun igtisadi
ahamiyyatini daha da artirir. Aparilmis adabiyyat icmali gdstarir ki, beynalxalg tadgigatlar Gmumi
istehsal xarclarinin  bolUsdUrilmasi metodologiyasini nazari cahatdan yeterli daracads
asaslandirmisdir. Lakin Azarbaycan tikinti muassisalarinin real praktikasina séykanan, farqgli
bolusdirma metodlarinin maya dayarina tasirini kemiyyat baximindan migayiss edan tadgigatlar
adabiyyatda demak olar ki, yer almamisdir. Hazirki tadgigat mahz bu elmi boslugu doldurmagq
magsadi glddr.

Metodologiya

Tadgigatda magsada catmag Ugln bir-birini tamamlayan bir neca elmi metod va
yanasmadan istifade edilmisdir. Tadgigat asasan mugqgayisali-analitik xarakter dasiyir. Movcud
bolUsdlirma metodlarinin UGstlnldk va catismazliglari miqgayisali tahlil vasitasila arasdiriimis, sarti
regamsal nimuna Uzarindan isa har metodun maya dayarina tasiri kemiyyat baximindan
modellasdirilmisdir. istifada ediloan metodlar:

9dabiyyatin sistematik tahlili - Gmumi istehsal xarclarinin ucotu va bollusdirilmasina dair
beynalxalg va vyerli elmi manbalar, o cimladan darsliklar, elmi maqalalar, dissertasiyalar va
normativ sanadlar sistemli sakilda 6yranilmisdir.

MUgqayisali tahlil - Gi¢ asas bolisdirma metodu olan birbasa amak hagqgi bazasi, masin-saat
bazasi va faaliyyata asaslanan xarc (ABC) metodu miayyan meyarlar Gzra mugayisali cadval
soklinda tahlil edilmisdir.

Ragamsal modellasdirmas - eyni tikinti miassisasinin (g paralel layihasina Umumi istehsal
xarclarinin fargli bazalar Uzra bolUsdlrilmasi sarti ragamsal nimuna vasitasile modellasdirilmis,
har metodun verdiyi maya dayari naticalari mlgayise edilmisdir. Sarti ragamlar real tikinti
muassisalarinin orta gostaricilarina asaslanir.

Abstraksiya vea Umumilasdirma - tadgigat naticasinds alda edilmis tapintilar
Umumilasdirilmis, Azarbaycan tikinti muassisalari Gg¢ln praktik tdévsiyalar formalasdiriimisdir.

Tadgigatin nazari bazasini Beynalxalg Maliyys Hesabatlari Standartlari xtsusile MHBS 15
va MUBS 11, idarsetma ucotu Uzra fundamental darsliklar, elmi maqgalsler va Azarbaycan
Respublikasinin normativ-haquqi aktlari taskil edir. Regamsal nimunanin parametrlari isa tikinti
sektorunun orta xarc strukturuna uygun olarag musllif terafinden muiayyan edilmisdir. Qeyd
etmak lazimdir ki, tadgigatda istifada edilan ragamsal nimuna sarti xarakter dasiyir va konkret bir
muassisanin malumatlarina asaslanmir.
osas tadqigat isi
1. Umumi istehsal xarclarinin mahiyyati va tikinti sahasina xas xisusiyyatlari
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MUihasibat ucotu nazariyyasinda xarclar iki asas grupa bollinir: birbasa xarclar va dolayisi
xarclar. Birbasa xarclar konkret bir mahsula, layihays va ya xidmata birbasa aid edils bilan
xarclardir. Tikinti sahasinda buna misal olarag beton, metal konstruksiya, karpic kimi asas
materiallari va fahlalarin birbasa amak hagqgini gdstarmak olar. Dolayisi xarclar isa bir ne¢a layihaya
eyni vaxtda aid olan, lakin har birina ayri-ayriligda birbasa nisbat verilmasi mimkin olmayan
xarclardir. Mahz bu ikinci grup olan Umumi istehsal xarclari tadgigatimizin asas predmetini taskil
edir. Umumi istehsal xarclarinin (UiX) tarkibina adatan asagidakilar daxildir:

1) tikinti masin ve mexanizmlarinin amortizasiyasi;

2) avadanlig va texnikanin saxlanmasi, tamiri xarclari;

3) istehsalat binalari va anbarlarin icara xarclari;

4) enerji, yanacag ve kommunal xarclar;

5) kdmakgi iscilarin

6) ustalar, nazaratgilar, strtcular

7) amak haqqy;

8) istehsalat tahllkasizliyi va amak mihafizasi xarclari va Umumi istehsalat xarakterli digar xarclar

Tikinti sektoru UiX-nin idara edilmasi baximindan digar sanaye sahalarindan bir sira asasli
xUsusiyyatlarina géra farglanir. istehsal miassisasindan farqgli olaraqg tikinti sirksti eyni vaxtda
mixtalif yerlards, mixtalif hacmli va mixtalif miiddatli bir necs layihs aparir. Bu xiisusiyyat UiX-
nin hansi layihaya na gadar aid edilacayini miiayyan etmayi xeyli ¢catinlasdirir. Tikinti sahasinin UiX
ugotuna tasir edan baslica xisusiyyatlarini asagidaki kimi sistemlasdirmak olar:

Uzun istehsal dévrii- tikinti layihalari aylarla, bazan illarla davam edir. Bu, UiX-nin hansi hesabat
dovrine aid edilacayi masalasini mirakkablasdirir; movsimi xarclar masalan, gisda isitma xarclari
mixtalif aylara geyri-barabar sakilds duslr.

Eyni vaxtda bir neca layihanin aparilmasi- bir tikinti sirkati eyni ddvrds, masalan, ham yasayis
kompleksi, ham korpi, ham da sanaye obyekti tike bilar. Eyni texnika, eyni ustalar va eyni anbar
bitiin bu layihslara xidmat edir. UiX-nin bu layihalar arasinda adalatli bélusdirilmasi ciddi
metodoloji masalaya cevrilir.

Yiiksak avadanlig intensivliyi- miasir tikintida kranlar, ekskavatorlar, beton garisdiricilar va digar
agir texnikadan genis istifada olunur. Bu texnikanin amortizasiyasi va saxlanma xarclarinin Gmumi
maya dayarindaki payl shamiyyatli daracada yiksakdir. Bu xiisusiyyat sebabindan tikintida UiX-nin
dizgln bolusdurilmasi digar sanaye sahalarina nisbatan daha bdylk shamiyyat kasb edir.
Movsiimilik- tikinti faaliyyati ilin fasilindan asili olaraqg dayisir. Yay aylarinda tikinti hacmi artir, qis
aylarinda isa shamiyyatli daracadas azalir. Lakin texnikanin amortizasiyasl, icara va sair sabit xarclar
bitin il boyu davam edir. Bu da UiX-nin ayliq bélisdirilmasini geyri-barabar edir.

Podrat miinasibatlarinin miirakkabliyi- tikinti layihalarinin bir hissasi subpodratcilara verilir. Bela
hallarda UiX-nin yalniz bas podratcinin faaliyystins aid olan hissasinin diizgiin miiayyanlasdirilmasi
alava c¢atinliklar yaradir.

Bitln bu xUsusiyystlar birlikde onu gdstarir ki, tikinti sahasinda UiX-nin idars edilmasi dgciin
universal bir metod mdévcud deyil. Har miassisanin faaliyyat xtsusiyyatlarins, layiha portfelina va
texniki bazasina uygun olarag an minasib bolisdirma metodunun secilmasi zaruridir. Novbati
bélmada movcud metodlar miqayisali sakilda arasdirilacagdir.

2. Umumi istehsal xarclarinin layihalar arasinda bélisdirilmasi metodlar

Umumi istehsal xarclarinin layihslar arasinda boélusdirilmasi tciin praktikada bir neca
metod tatbiqg edilir. Hoar metodun 6ztinamaxsus Ustlnliklari va catismazliglari mévcuddur. Asagida
Ug asas metod ardicil olaraqg arasdirilir.
2.1. Birbasa amak haqqi bazasinda bolisdirma metodu

Bu metod praktikada an genis yayllmis ananavi yanasmadir. Metodun mahiyyati bundan
ibaratdir: har layihays aid edilacak UiX hacmi, hamin layihada ¢akilan birbasa amak hagginin
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Umumi birbasa amak haqggina nisbati asasinda hesablanir. Basga s6zls, hansi layihada daha ¢ox
fahla amoayi istifads edilibss, hamin layihaya daha cox UiX aid edilir.

Metodun UstUnliklari: hesablanmasi sadadir, mihasibat ucotunda mévcud malumatlardan
birbasa istifada etmaya imkan verir, tatbigi xtsusi texniki hazirlig talab etmir.

Metodun catismazliglari: muasir tikintide amak intensivliyi azalmis, buna migabil texnika
intensivliyi artmisdir. Buna gora da texniki cohatdan mirakkab layihalards masalan, korpi va ya
tunelin insasinda texnika xarclari amak xarclarindan gat-gat cox olur. Bela hallarda amak haqq!
bazasinda bolisdirma UiX-ni dizgiin sks etdirmir va maya dayarini ciddi sakilds tahrif edir.

2.2. Masin-saat bazasinda bollsdirma metodu

Bu metod texnika intensivliyi ylksak olan sanaye sahalari, o cimladan tikinti G¢ln daha
uygun hesab edilir. Metodun asasini har layihadas istifada edilan masin va mexanizmlarin isladildiyi
saat sayi taskil edir. Umumi istehsal xarclari layihalar arasinda onlarin masin-saat istifadasina
mitanasib olaraq boltsdurilr.

Metodun UstlnlUklari: texnika xarclarinin masalan, amortizasiya, yanacag, tamir asasli pay
taskil etdiyi tikinti sahasinda daha adalatli bolisdlirma naticasi verir. Layihanin texniki mirakkablik
daracasini maya dayarina daha dizgln sakilds aks etdirir.

Metodun c¢atismazhglari: har layiha (zre masin-saat ucotunun apariimasi alava
administrativ is talab edir. Bundan alave, muxtalif texnika novlarinin masalan, kranin va
ekskavatorun saat dayarlari farglidir; bitln texnikani eyni vahidla 6lgmak bu fargi nazara almir.
2.3. Faaliyyata asaslanan xarc metodu (ABC metodu)

ABC(Activity-Based Costing) metodu ananavi metodlarin mahdudiyyatlarini aradan
galdirmag magsadila islanib hazirlanmisdir. Metodun mantigi budur: UiX-nin har komponenti onu
yaradan konkret faaliyyat novi ile slagslandirilir, sonra isa har layihanin hamin faaliyystdan na
gadar istifads etdiyi miayyanlasdirili. Masalan, kran xarclari kran-saat sayina, anbar xarclari
material harakatlarinin sayina, nazarat xarclari isa yoxlama ziyaratlarinin sayina gors bolisdUrilr.

Metodun Ustlnluklari: har xarc ndvi Ugln ayri-ayri bolisdirma bazasi tatbiqg edilir. Bu isa
UiX-nin layihalara cox daha dagiq aid edilmasini tamin edir. ABC metodu xiisusile miixtalif xarakterli
layihalari eyni vaxtda aparan miassisalarda ananavi metodlara nisbatan shamiyyatli daracada
daha daqgiq natica verir.

Metodun catismazliglari: tatbigi murakkabdir, atrafli faaliyyat tahlili va alava ugot sistemi
taleb edir. Kicik hacmli tikinti mlassisalari lGgln bu metodun tatbigi hamisa iqtisadi cahatdan
alcatan deyil. ABC metodu daqgiqglik baximindan digar metodlardan Ustindur, lakin tatbiginin
murakkabliyi onun Azarbaycan tikinti muassisalarinda genis tatbigina mane olur.

Natica va Takliflar

Aparilmis tadgigat gostarir ki, tikinti mUassisalarinds Gmumi istehsal xarclarinin ucotu va
layihalar arasinda bollUsdUrtlmasi masalasi ham nazari, ham da praktik baximdan ciddi shamiyyat
daslyir. Tadgigat carcivesinda alde edilmis asas naticaler asagidaki kimi Umumilasdirila bilar.
Birincisi, Umumi istehsal xarclarinin mahiyyati va terkibi tikinti sahasinin 6zlinemaxsus
xUsusiyyatleri uzun istehsal dovri, eyni vaxtda bir neca layihanin aparilmasi, ylksak texnika
intensivliyi va mévsumilik ila six bagldir. Bu xiuisusiyyatler UiX-nin idara edilmasini digar sanaye
sahalarine nisbatan shamiyyatli deracads mirakkablasdirir. ikincisi, mdévcud bolisdirma
metodlarinin mugayisali tahlili gdstarir ki, ananavi birbasa amak haqqi bazasinda bolisdirma
metodu muasir tikintinin texnika intensiv xarakterina uygun galmir. Bu metodun tatbigi texnika
intensiv layihalarin maya dayarini sistemli olaraqg asagl, amak intensiv layihalarin maya dayarini isa
yuxari gostarir. Naticada miassisanin giymat siyasati, manfasat hesablamalari va strateji gararlari
geyri-dagiq malumatlara asaslanir. Uclinclisii, masin-saat bazasinda boéliisdirma metodu texnika
intensiv tikinti miassisalari Giclin ananavi metoddan daha uygundur. Lakin bu metod da UiX-nin
bitin komponentlarini vahid bazada 6lcdiylindan tam dagig natica vers bilmir. Dérdlncisy,
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faaliyyata asaslanan xarc metodu(ABC metodu) har UiX névii Gcln ayrica bélisdiirma bazasi tatbiqg
etdiyi Gglin an dagig naticani tamin edir. Bu metodun tatbigi xtUsusile muxtalif xarakterli layihalari
eyni vaxtda aparan orta va iri tikinti mUassisalari Ugln tovsiya edila bilar. ABC metodunun tatbiqi
gisamuddatli inzibati xarclarin artmasina baxmayaraqg, uzunmuddatli perspektivds miassisaya
daha etibarli xarc malumat tagdim etmakla strateji Ustinltk yaradir.

Tadgigat naticasinda Azarbaycan tikinti miassisalari Gclin asagidaki praktik tovsiyalar irali
suralar:
1) Misssisalar tatbig etdiklari bolisdirma metodunu layiha portfelinin xtsusiyystlarina uygun
olarag mintazam suratde yeniden giymatlandirmalidirlar; texnika intensivliyi yiksak olan
muassisalar Ucln amak haqqgl bazasindan masin-saat bazasina kecid minimum addim kimi tévsiya
edilir.
2) Orta va iri tikinti mUassisalari ABC metodunun tatbigini ciddi sakilde nazardan kecirmalidirlar;
bu zaman mihasibat ucotu program taminatinin imkanlarindan masalan, 1C va ya SAP
modullarindan istifads inzibati yiikli shamiyyatli daracadas azalda bilar.
3) UiX sabit va dayisan komponentlara ayriimalidir; bu bélgi ham daha dagiq bélisdiirms, ham da
miassisanin bosdayanma dovrlarindaki xarc idarsetmasi tc¢iin vacibdir.
4) Azarbaycan Respublikasinin mivafig qurumlan tikinti misssisalari Gciin UiX ucotuna dair
metodiki tovsiyalar hazirlamali vo MHBS 15-in talablarina uygun standartlasdirilmis ugot gaydalari
muayyanlasdirmalidirlar.

Todgiqat naticasinda irali strilan strateji takliflar:

Tikinti muUassisalarinda imumi istehsal xarclarinin ucotu va bollsdirilmasi sisteminin
takmillasdirilmasi magsadils apariimis tadgigat asasinda asagidaki strateji takliflar irsli strilr.
Takliflar U¢ saviyyada; miassisa, saha va ddvlat saviyyasinda gruplasdiriimisdir.

1. MUassisa saviyyasinda strateji takliflar

Béliisdiirma metodunun yenidan giymatlandirilmasi. Har tikinti mUassisasi 6z layiha portfelinin
xUsusiyyatlarini texnika intensivliyi, amak intensivliyi, layihalarin middati va mirakkablik daracasi
nazara alaraq tetbiq etdiyi UiX bélisdiirma metodunu an azi ilds bir dafe yenidan
giymatlandirmalidir. Texnika intensivliyi Gstinlik taskil edan muassisalar lGglin birbasa amak haqq
bazasindan masin-saat bazasina kecid prioritet addim kimi muayyanlasdirilmalidir.

ABC metodunun marhalali tatbigi. Orta va iri tikinti mlassisalari ABC metoduna kecidi birdafalik
deyil, marhalali sakilde hayata kecirmalidirlsr. Birinci marhalads UiX-nin vyalniz an bdyik
komponenti texnika amortizasiyasi U¢ln ayrica bolisdirma bazasi tatbiqg edils biler. Bu, miihasibat
sisteminin yenidan qurulmasini asanlasdirir va kadrlarin yeni metoda uygunlasmasina imkan
yaradir.

Analitik ugcot hesablarinin genislandirilmasi. UiX sabit va dayisean komponentlara ayrilmali, har
komponent Ucln ayri analitik subhesab acilmalidir. Sabit xarclar olan amortizasiya, icara istehsal
hacmindan asili olmayaraqg davam etdiyindan onlarin layihalara bolisdirilmasi dayisan xarclardan
fargli metodla aparilmalidir. Bu yanasma ham daha daqiq maya dayari hesablanmasina, ham da
bosdayanma dovrlarinin maliyys naticalarina dizglin aks etdirilmasina kdmak edir.

Ragamsal ucot sistemlarinin tatbigi. ABC metodunun al ila aparilmasi inzibati yukd artirir. Bu
problemi aradan galdirmaq Ucln musassisaler ixtisaslasmis program teminatindan istifads
etmalidirlar. Bu sistemlar har layiha Uzra xarclari avtomatik izlayir, bdltsdlirmani real vaxt rejiminda
hayata kecirir voa muassisa rahbarliyine operativ hesabatlar tagdim edir.

Daxili audit mexanizminin giiclandirilmasi. UiX béltsdirmasinin diizgiinlly miintazam daxili audit
vasitasila yoxlaniimalidir. XUsusila uzunmiddatli layihalards har hesabat dovriiniin sonunda faktiki
UiX gostaricilari planlasdiriimis gdstaricilarla miigayiss edilmali, kanarlasmalar tahlil edilmalidir.



«Progress in Science» (June 11-12, 2026). Brussels, Belgium I

2. Saha saviyyasinda strateji takliflar

Sanaye birliklarinin metodiki rolu. Azarbaycan tikinti miassisalarinin pesakar birliklari o cimladan
mivafiq sanaye assosiasiyalari UiX ucotunun aparilmasina dair sanaya zrs vahid metodiki baladgi
hazirlamalidirlar. Bu balad¢i mixtalif olcilid mdisssisalar dgln tovsiya edilan bolisdirma
metodlarini, nimunavi hesab planini va praktik nimunalari shata etmalidir.

Kadr hazirliginin gticlandirilmasi. Azarbaycan tikinti mUassisalarinin muhasiblari ve maliyyacilari
arasinda idarsetma ucotu metodlari, xUsusila ABC metodu barada bilik saviyyasi asagidir. Pesakar
talim programlari va sertifikatlasdirma kurslari vasitasila bu boslugun aradan qaldiriimasi saha Uzra
amumi ucot keyfiyyatini yiiksaldacakdir.

3. Dovlat saviyyasinda strateji takliflar

Normativ bazanin miasirlasdiriimasi. Azarbaycan Respublikasinin muvafiq icra hakimiyyati
organlar tikinti muassisalari tictin UiX ucotuna dair normativ metodiki gdstarislar hazirlamali va
darc etmalidirlar. Mévcud normativ baza bu sahada kifayat gadar tafarriatli tanzimlama tamin
etmir.

MHBS-a uygunlasdirmanin siratlandirilmasi. Dovlat tikinti miassisalarinin MHBS 15-in talablarina
tam uygunlasdirilmasi prosesini dastaklamali, bu istigamatds metodiki yardim va kegid dovri
glizastlari tagdim etmalidir. MHBS 15-in tam tatbigi UiX-nin layihalara aid edilmasi mexanizminin
beynalxalg standartlara cavab veran sakilda yenidan qurulmasini zaruri edir.

Statistik ucotun takmillasdirilmasi. Dovlst Statistika Komitasi tikinti muiassisalarinin  xarc
strukturuna dair daha strafli statistik malumatlar toplamali ve darc etmsalidir. Bu malumatlar ham
tadgigatcilar Gglin etibarli empirik baza, ham da musassisalar Gclin migayiss meyari rolunu
oynayacaqdir.
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Abstract: This article examines how global carbon markets operate, the failure of which when
measured against its possible potential, and its effects on the developing countries struggling to
finance their low-carbon development through the means of carbon trading mechanisms. Using
the information from the World Bank, the International Monetary Fund, Climate Policy Initiative,
and UNFCCC, this essay discusses carbon market compliance and voluntarism, the movement of
climate finance, and obstacles that hinder the utilization by poor countries of both approaches.
Pricing for carbon currently affects 29% of all global emissions, raising more than USD 107 billion
annually but still lagging behind Paris Agreement targets. Annual climate finance reached over
USD 2 trillion by 2024 but is highly unevenly distributed across the globe, accounting for less than
3% of GDP in sub-Saharan Africa. The core of this problem is that the shortcomings in the carbon
market and in access to climate finance are interconnected: the latter depends on fixing the
former.

Keywords: carbon markets, climate finance, carbon pricing, developing economies, green
transition, UNFCCC, emissions trading, carbon tax, energy transition.

1. Introduction

Carbon pricing and climate finance have become two of the most contested issues in
international economic policy. The Paris Agreement (UNFCCC, 2015) committed its signatories to
holding warming well below 2°C, which means, in practical terms, that most economies need to
stop making fossil fuels cheap to burn. Market-based instruments that attach a price to emissions
are the standard economic prescription, but turning that prescription into functioning policy has
proven far harder than the theory suggests, and the difficulties are not evenly distributed across
countries.

Carbon pricing now covers approximately 29% of global greenhouse gas emissions, with
annual revenues exceeding USD 107 billion in 2025 (World Bank, 2026). This figure represents
genuine progress; however, the average price worldwide remains well below the USD 50 to 100
per tonne range that scientists consider the minimum needed to meet Paris targets. Most
emissions remain underpriced, and the majority of revenue comes from a single scheme.

The underlying economics are not complicated. Fossil fuel users do not internalize the cost
of the emissions they produce, so they emit more than they would if the cost were incorporated
into their decision-making. A carbon tax or a tradable permit scheme changes that by attaching a
price to emissions. Coase (1960) and Weitzman (1974) formalized why this works in theory, and a
substantial body of subsequent literature has examined the practical design trade-offs between
the two instruments (Goulder & Schein, 2013; Stavins, 2003). Stern (2007) provided the most
influential welfare-economic case for treating climate change as a market failure requiring urgent
corrective intervention. The practical record is considerably more uneven, and for developing
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countries especially, participation in carbon markets has been more limited than the economics
would predict (Hepburn et al., 2020).

Those countries face the sharpest version of the problem. They bear the worst physical
consequences of a warming climate, have the least fiscal room to respond, and struggle to access
the international capital needed to invest in cleaner energy. The commitment made by rich nations
at Copenhagen in 2009 to mobilize USD 100 billion per year in climate finance for developing
countries went unmet for over a decade, and what did arrive was mostly loans rather than grants
(OECD, 2023). The gap between promise and delivery has eroded trust in the international climate
finance architecture.

This article reviews how that architecture currently works, where it succeeds, and where
it does not. It covers the global carbon pricing landscape, the rise and credibility problems of
voluntary carbon markets, the distribution of climate finance flows, the specific constraints facing
developing economies, and what reforms would actually make a difference. The data are sourced
from public information, such as State and Trends of Carbon Pricing by the World Bank; Global
Landscape of Climate Finance by Climate Policy Initiative; OECD climate finance tracking; and ICAP,
International Carbon Action Partnership.

2. Global Carbon Pricing Landscape: A Comparative Overview

Carbon pricing instruments fall into two broad categories. Emissions trading systems (ETS)
set a cap on total emissions and allow covered entities to buy and sell allowances, so the quantity
of reductions is fixed and the price is determined by the market. Carbon taxes set the price directly
and allow the market to determine the quantity of reductions. Both approaches have genuine
strengths. Neither has proven politically easy to implement at the scale required (Weitzman,
1974).

The EU ETS, launched in 2005 and now in its fourth phase, is the world's most developed
compliance carbon market. It covers roughly 40% of EU emissions across power generation, heavy
industry, aviation, and maritime shipping. The introduction of the Market Stability Reserve made
it possible to increase the cap enough to ensure that the cost per ton was at least around EUR 100
in the beginning of 2023, before dropping to EUR 60 by the end of 2023. By 2025, the average
auction price stood at EUR 73.43 while the secondary market prices were around EUR 74.35. The
annual income was EUR 43.2 billion, and the cumulative income amounted to EUR 265.7 billion.
Most of this is allocated to the EU Innovation Fund and member states' climate policies. It remains,
however, an outlier.

Table 1 compares major carbon pricing schemes currently operating or under
development. The variation is striking: prices range from USD 3 per tonne in Mexico to USD 137
in Sweden. Revenue generation is heavily concentrated. Coverage rates differ widely by design
choice. And the geographic picture shows that most of the developing world, including the bulk of
sub-Saharan Africa, Southeast Asia, and the Middle East, sits entirely outside any explicit carbon
pricing framework.
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Table 1. Major Carbon Pricing Schemes Worldwide (2025-2026)

Jurisdiction Instrument Price Coverage  Revenue 2025 Status
(USD/tCO2z¢) (% GHG) (USD bn)
European ETS (Cap & Trade) ~74 40% ~48.9 Operational
Union
Sweden Carbon Tax ~137 40% ~2.5 Operational
Canada Carbon Levy + OBPS ~65 80% ~7.2 Operational
China National ETS ~10 80% ~1.5 Expanding
Colombia Carbon Tax ~6 23% ~0.2 Operational
South Africa Carbon Tax ~10 80% ~0.3 Phase 2 (2026)
Mexico Carbon Tax (pilot) ~3 40% ~0.1 Limited
India Carbon Credit Trading Scheme ~5 ~30% ~0.4 Developing
Japan GX-ETS ~10-15 ~50% ~0.5 Mandatory
Vietnam ETS (pilot) ~5-8 ~15% ~0.1 Pilot (2025-
2028

Source: World Bank (2026), State and Trends of Carbon Pricing; ICAP (2026), Emissions Trading
Worldwide; author’s compilation.

Three findings from Table 1 deserve particular attention. First, the price gap between the
cheapest and most expensive schemes remains more than 45-fold. That gap is not merely an
academic curiosity: it creates real incentives to relocate emissions-intensive production to less
regulated jurisdictions, a phenomenon economists call carbon leakage. It also implies that
multinational companies operating across national boundaries are exposed to different cost
structures for their carbon emissions, based on where they are located. Secondly, EU ETS raised
revenues similar to those from all other listed programs put together in 2025, showing how
centralized the current system is. Thirdly, coverage levels range between 15% in Vietnam (trial
period) and 80% in China and South Africa, according to the sector(s) or gas(es) covered by the
pricing regime.

The China National ETS expanded substantially in 2025, covering the cement, steel, and
aluminium industries that were initially not included in the scheme, which was only covering the
power sector at first. This resulted in about 1,500 more entities joining the ETS scheme, bringing
total coverage to around 8 billion tons of CO2 equivalent — 80% of China’s national emissions of
CO2, up from the previous level of 5 billion tons or 40% coverage — accounting for roughly 15% of
global emissions (ICAP, 2025; Transition Asia, 2025).

India’s CCTS, illustrated in Table 1 below, marks one of the major emerging market
dynamics. Since the beginning of fiscal year 2025-26 on 1 April 2025, approximately 490 entities
across seven energy-intensive industries are covered, including aluminum, cement, chlor-alkali,
pulp and paper, petroleum refining, petrochemicals, and textile manufacturing (ICAP, 2026). In
contrast to classic cap-and-trade schemes, the Indian CCTS takes an intensity-based approach by
rewarding companies with CCCs for surpassing emissions-intensity benchmarks compared to
being operated on a strict cap on emissions..

Japan’s GX-ETS entered its compulsory stage on 1 April 2026, applying to over 700 firms
and 50 percent of greenhouse gas emissions at the national level (524 million tCO2e). The ETS
piloting period in Vietnam was established for 2025-2028.. By 2030, the adoption of all initiatives
currently in development would lead to roughly a third of world GHG emissions being regulated
through carbon pricing.

A simple revenue efficiency index--defined here as annual revenue per unit of GHG
coverage (USD billion per percentage point of national emissions covered)- further illustrates the
disparity across schemes. Dividing the 2025 revenue figures in Table 1 by each scheme's coverage
share yields the following: Sweden generates approximately USD 0.063 billion per percentage
point of coverage, the EU ETS approximately USD 1.08 billion, Canada approximately USD 0.090
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billion, and China approximately USD 0.019 billion. The developing country schemes in Table 1--
Colombia, South Africa, Mexico, India, and Vietnam--average approximately USD 0.007 billion per
percentage point, roughly one-fifteenth the EU rate and one-quarter the Canadian rate. This
author-computed index is not a measure of policy effectiveness, since revenue levels depend on
price, coverage scope, and economic size simultaneously. It does, however, illustrate that the fiscal
yield from carbon pricing in developing economies remains an order of magnitude below that of
leading programmes, limiting the domestic resources available for green transition investment.
3. Voluntary Carbon Markets: Potential and Credibility Challenges

The voluntary carbon market allows companies and individuals to purchase credits to
offset emissions they cannot yet eliminate. After 2020, it saw rapid growth and reached roughly
USD 2 billion in terms of transaction value in 2022 due to the influx of companies pledging their
commitment towards net zero emissions. McKinsey (2021) analysts had predicted that this market
may grow to USD 50 billion by 2030. Following that, some credibility issues surfaced, and the
market shrank considerably. In 2025, the total transaction value of the voluntary carbon credit
market was estimated at about USD 1.68 billion, with predictions that this market may be worth
up to USD 32.44 billion by 2035 at a compound annual growth rate of 34.8% (InsightAce Analytic,
2026).

Credit types range from avoided deforestation (REDD+) and renewable energy to methane
capture, cookstove programmes, and newer removal approaches such as direct air capture and
biochar. Most nature-based and community projects are hosted in developing countries, which is
why voluntary markets are often described as a private finance channel for places public money
does not reach. Whether they actually function that way is a different question.

In this regard, the issue of the verifiability of REDD+ credits is particularly controversial. In
their paper published in Conservation Biology, Guizar-Coutino et al. (2022) used a pixel matching
approach to assess the efficacy of 43 REDD+ projects certified by Verra and determined that
REDD+ projects have helped to avoid deforestation at 47% in the period of the first five years of
their existence, showing better performance in areas with high levels of deforestation. Yet in
further coverage, the results of the study were used to compare the projects' real impact with the
predictions made prior to the implementation of REDD+, which resulted in conclusions about the
fact that around 94% of credits do not match the expected emission reductions. The issue has had
considerable weight in the reduction in trading volumes in the voluntary market through 2023. It
clearly shows the conflict between project developers' overoptimistic predictions and the credits
granted based on the comparison with registered baselines.

The institutional response moved quickly. The Integrity Council for the Voluntary Carbon
Market (ICVCM) released its Core Carbon Principles in 2023, setting minimum standards on
additionality, permanence, measurability, and verifiability (ICVCM, 2023). The Voluntary Carbon
Markets Integrity Initiative (VCMI) published guidance for buyers on how to make defensible
climate claims (VCMI, 2023). Article 6.4 of the Paris Agreement, once operational, is intended to
add an UN-supervised layer with authorization and corresponding adjustment requirements.
Whether all this is sufficient remains genuinely uncertain. The voluntary market has a structural
tension: buyers want affordable credits, which pushes toward credits that just clear the bar rather
than credits that clearly work. On balance, the reform trajectory is moving in the right direction,
but the pace is insufficient: without mandatory minimum quality thresholds enforced at the point
of sale, the incentive to supply low-quality credits will persist regardless of how robust the
certification frameworks become. The voluntary market is therefore unlikely to function as a
reliable substitute for public climate finance in the near term. This credibility deficit, combined
with the geographic concentration of voluntary finance, connects directly to the broader shortfalls
in tracked climate finance flows examined in the following section.
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4. Climate Finance Flows and Financing Gaps

Total tracked global climate finance reached an all-time high of USD 1.9 trillion in 2023,
and early data indicates that annual flows exceeded USD 2 trillion for the first time in 2024 (CPI,
2025). That figure is often cited as evidence of progress, and it does represent progress. It is also,
depending on which estimate one uses, somewhere between one-quarter and one-half of the USD
4 to 8 trillion annually required through 2030 to reach Paris Agreement goals. The gap is not
narrowing fast enough.

Where that money goes matters as much as how much there is. Around 90% of tracked
climate finance went to high-income countries and China in 2023. Sub-Saharan Africa, whose per-
capita emissions are a fraction of those in the countries generating most of the capital, received
less than 3% (CPI, 2023). Private finance represents about 51% of total finance and, for the first
time, went above USD 1 trillion in 2023, surpassing public finance. Nevertheless, it appears that
there is still a huge gap among emerging economies, as cheap finance remains a hindrance not
only for domestic but also private climate finance (CPI, 2025). International climate financing
provided in 2023 to emerging and developing economies totaled $196 billion, where 78% of the
amount came from the public sector.

The adaptation finance dilemma is the major challenge that the international community
faces. According to figures published as of 2023, adaptation finance raised stood at about USD 65
billion; however, this figure can be underestimated as a result of difficulties associated with
assessing it. The United Nations Environment Program (UNEP) explains that USD 310 billion yearly
needs to be spent on adaptation to climate change in order for developing nations to adapt to this
phenomenon until 2035. Developing nations provided only USD 25.9 billion to developing nations
in terms of adaptation finance in 2023 in comparison to USD 27.9 billion in 2022. It means that
developed countries are falling short USD 285 billion yearly, and the burden of such expenses is
borne by nations that are the least culpable in this issue.

The NCQG on climate finance was agreed upon at the COP29 in 2024. This involved a bold
aim of raising USD 300 billion per year from the developed countries to developing countries by
2035, and a bolder target of raising USD 1.3 trillion per year through all means (UNFCCC, 2024).
The Baku to Belem Roadmap that is to be formulated through the NCQG will seek to devise
methods for changing multilateral finance, access climate finance, build domestic capabilities, and
open up huge investment potential through six key imperatives: energy transition, adaptation and
resilience, loss and damage, natural capital, just transition, and cities (CPI, 2026). Many developing
country delegations considered the headline USD 300 billion figure too low, particularly since
much of it is expected to be in the form of loans. The private mobilization component is an
aspiration rather than a guarantee. The gap between what was agreed and what is needed
remains large.

5. Structural Constraints Facing Developing Economies

The typical challenges faced by developing countries include institutional weakness,
underdeveloped financial markets, and unreliable governance, which together account for why
the nations that would benefit the most from carbon trading are farthest away from joining such
systems. The term "developing economies," however, is far from monolithic.

A useful working typology distinguishes three tiers. The first comprises large emerging
economies--Brazil, India, South Africa, Indonesia, China - that have functioning financial systemes,
nascent or expanding domestic carbon markets, and improving institutional capacity; their
primary barrier is price adequacy and market integration, not system absence. The second tier
includes middle-income countries such as Colombia, Morocco, and Vietnam that have MRV
frameworks under development, active engagement with international carbon finance, and
moderately stable governance; for these countries, targeted capacity building and blended finance
instruments can unlock significant mitigation potential within a five-to-ten-year horizon. The third
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tier--comprising much of sub-Saharan Africa and the smaller island developing states--faces the
full constellation of constraints simultaneously: no domestic carbon pricing, minimal MRV
capacity, shallow financial markets, and high governance risk. These countries require grant-based
instruments and concessional technical assistance before market-based mechanisms become
relevant at all. The reforms discussed in Section 6 are most urgently needed for the third tier, but
the sequencing differs by tier.

Participation in Article 6 of the Paris Agreement requires a country to maintain a credible
national MRV system, a functioning carbon registry, and the technical capacity to apply complex
corresponding adjustment rules. Many developing countries do not have these things, and
building them is neither cheap nor quick. The UNFCCC's Paris Committee on Capacity-Building,
bilateral technical assistance programmes, and multilateral development bank (MDB) support all
help, but funding for capacity building has consistently fallen short of what is actually needed. The
result is that the countries with the most cost-effective mitigation potential are often the least
able to monetize it through international carbon markets.

Financing becomes another challenge added to these problems. As pointed out by the
International Monetary Fund (IMF, 2023), financing renewable energy projects is two to three
times more expensive in sub-Saharan Africa compared to Western Europe due to issues of
currency risk, political risk premiums, and immature local capital markets, thereby diverting
climate finance from poor to rich markets.

Governance constraints compound both of the above. Long-lived renewable energy assets
need regulatory stability. Investors need to be confident that tariff agreements will hold, that
contracts are enforceable, and that the rules will not change arbitrarily between financial close
and the end of a 20-year project life. In many developing countries, that confidence is hard to
establish. The response to governance risk is higher return requirements, which prices out projects
that would otherwise be viable. Breaking this cycle requires institutional reform over time, which
is exactly the kind of investment that yields no near-term political reward.

6. Policy Reforms and Recommendations

Four reform areas would make the most difference. None of them is new. All of them are
moving too slowly.

Carbon price convergence and border adjustment. A 45-fold spread in carbon prices across
jurisdictions is not a minor inefficiency. It creates real incentives for carbon leakage and real
competitive distortions in traded goods. The EU Carbon Border Adjustment Mechanism (CBAM),
fully phased in from 2026, targets leakage in selected industrial sectors, but it needs to be
designed carefully. The literature identifies three principal design tensions (Cosbey et al., 2019;
Mehling et al., 2019). First, sectoral coverage: CBAM initially covers steel, cement, aluminium,
fertilizers, electricity, and hydrogen--together responsible for a significant share of trade-exposed
emissions--but excludes sectors such as chemicals and plastics where leakage risk is also
substantial. Expanding coverage increases environmental integrity but also administrative
complexity. Second, the equivalence determination problem: CBAM requires calculating the
embedded carbon content of imported goods, which demands product-level emissions data that
many exporting countries cannot yet provide; this asymmetry may effectively function as a non-
tariff barrier. Third, revenue disposition: under current EU proposals, CBAM revenues flow to the
EU general budget rather than to climate finance for affected trading partners. Applied without
revenue recycling, it functions as a trade barrier against developing country exporters who had
little to do with creating the climate problem. A portion of CBAM revenues should be directed to
climate finance for affected developing nations. This is both equitable and politically necessary for
the mechanism's long-term legitimacy.

MDB reform and blended finance. The G20 Independent Expert Group (2023) found that
multilateral development banks could increase climate lending by USD 300 to 500 billion per year
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without putting their credit ratings at risk, mainly by using their capital more efficiently and
transferring more risk to capital markets. That capacity is sitting unused. What is needed is
deployment of guarantees, first-loss tranches, and political risk insurance that make developing
country projects attractive enough to draw in private investors who are currently uncommitted.
The Baku to Belem Roadmap emphasizes MDB reform as a critical pillar, calling for intensified
engagement on climate finance through a strategic approach that recognizes and amplifies their
catalytic role in providing and mobilizing capital (CPI, 2026). Commitments in communiques must
be operationalized through specific deal structures.

Capacity building for MRV and Article 6. The technical requirements for carbon market
participation should not function as a barrier to entry for the countries with the most to gain.
Standardized MRV methodologies, open-source registry software, and adequately funded regional
technical assistance centers can reduce the fixed costs of establishing national carbon accounting
infrastructure. This should be financed through assessed contributions to the UNFCCC process
rather than voluntary bilateral programmes that are subject to donor political cycles.
Operationalization of Article 6 provisions at COP29 in 2024 through decisions on both articles, 6.2
and 6.4, offers guidelines for carbon trading internationally, yet it requires sustained assistance
for developing countries to engage (OECD, 2025).

Adaptation re-balancing. Less than 10 percent of the overall climate finance allocated to
adaptation does not reflect their relative need but rather donor preferences for investments in
mitigating measures that are tangible and tradable. Adaptation windows within the Green Climate
Fund and MDBs should be significantly widened to include simplification in accessing such facilities
as well as using grants-based mechanisms. According to the UNEP Adaptation Gap Report 2025,
NCQG alone is inadequate for financing adaptation projects, and the Baku to Belem Roadmap
must offer ways to bridge the adaptation finance gap equitably without making developing
countries vulnerable (UNEP, 2025).

7. Conclusions

The global carbon pricing landscape is fragmented, underpowered, and inequitable.
Eighty-seven instruments are now in operation worldwide, generating more than USD 107 billion
annually, and total tracked climate finance has exceeded USD 2 trillion per year. Those numbers
represent genuine progress. They also represent a fraction of what is needed, concentrated in
places that need it least.

The 45-fold price gap documented in Table 1 is not a transitional problem. Without
deliberate policy action, carbon leakage risk will make harmonization harder over time, not easier.
It is not that low-income countries are irrelevant to carbon pricing schemes, but rather that they
lack the capacity to join such initiatives in terms of their institutions, financing, and governance
structures.

The barriers facing developing economies are real but not fixed. Targeted MDB reform,
serious capacity building finance, CBAM revenue recycling, and a genuine re-balancing of
mitigation and adaptation spending could address all three constraint categories identified in this
paper. The analysis suggests these reforms are both technically feasible and economically rational,
given that the marginal cost of emissions reductions is often lowest precisely in the countries
currently furthest from the carbon pricing frontier.

The timeframe for achieving Paris Agreement (UNFCCC, 2015) goals is narrowing. The
economics of delay are well documented. This analysis adds the observation that the distribution
of that delay's cost is as much a policy choice as the delay itself. Building an international carbon
market and climate finance architecture that works for developing economies is not a question of
charity. It is a condition of the system's credibility and, ultimately, its effectiveness. Future
research should examine the political economy of price convergence and the conditions under
which concessional finance is most effective at mobilizing private capital in high-risk jurisdictions.
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Abstract

This paper develops a conceptual framework to understand how informal social networks shape
human resource management (HRM) practices in the South Caucasus, drawing on theoretical
work on organizations in Georgia, Armenia, and Azerbaijan. Drawing on institutional theory, social
capital theory, and comparative HRM scholarship, the paper identifies a structural tension, termed
the loyalty-performance tension, between the relational logic embedded in post-Soviet informal
networks and the meritocratic logic prescribed by mainstream HRM theory. The framework
proposes that this tension is governed by four interacting determinants: the quality of the
institutional environment, the depth of network embeddedness, professional HRM competence,
and resource availability. The paper argues that loyalty logic in HRM is not a cultural residue
awaiting dissolution through institutional modernization but a rational, adaptive governance
mechanism that persists because formal institutions do not yet provide equivalent guarantees of
reliability, competence, or trustworthy conduct. Five theoretically grounded propositions are
advanced, each carrying specific implications for comparative HRM theory, institutional
scholarship, and practitioners engaged in people management reform across post-Soviet contexts.
The paper concludes by establishing a research agenda for empirical investigation of the
framework across the South Caucasus and cognate settings.

Keywords: informal networks; HRM, South Caucasus,; institutional theory; social capital; post-
Soviet organisations; loyalty;, performance management; transitional economy, conceptual
framework

1. Introduction

The dominant tradition in human resource management scholarship rests on a set of
universalist premises that have rarely been interrogated against the institutional realities of post-
Soviet economies. Hiring decisions, this tradition holds, should reflect demonstrable competence
assessed through standardized processes; promotion should reward observable performance
against measurable criteria; and the personal relationships of managers and owners should
remain formally separate from the organizational decisions they make about who is recruited,
advanced, and retained. These premises carry an embedded institutional assumption that the
formal systems required to make performance-based HRM work are sufficiently developed to bear
the governance weight that meritocratic logic places upon them. In the South Caucasus, that
assumption encounters sustained and revealing friction.
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Organizations in Georgia, Armenia, and Azerbaijan operate within institutional
environments that depart substantially from the model underpinning mainstream HRM theory.
Labor market information is expensive to acquire and difficult to verify independently.
Professional credentials carry variable reputational weight across institutions of markedly unequal
guality. Employment contracts exist in formal terms, but their legal enforcement remains slow,
costly, and uncertain in outcome. Against this backdrop, informal social networks the dense,
historically rooted, and affectively charged webs of kinship, friendship, shared educational
experience, regional affiliation, and accumulated mutual obligation that characterize social
organization across the region, perform governance functions that formal institutions do not yet
reliably supply. They circulate trusted information about candidates' character and reliability. They
create accountability structures that survive the termination of formal employment. They bind
employers and employees through obligations of loyalty and reciprocity that make relational
defection socially costly in ways that legal contracts alone cannot replicate.

This paper takes that observation as its theoretical point of departure. Its purpose is not
to report empirical findings but to develop a conceptual framework of the loyalty-performance
tension that provides a theoretically grounded and analytically tractable basis for understanding
why informal networks shape HRM decision-making in the South Caucasus, how that influence
operates across different organizational and institutional contexts, and under what conditions the
balance between loyalty logic and performance logic shifts. In doing so, it makes three
contributions. First, it integrates institutional theory, social capital scholarship, and comparative
HRM research into a coherent explanatory framework that advances beyond existing accounts of
HRM in transitional economies. Second, it proposes five theoretically grounded propositions that
specify the conditions governing the loyalty-performance balance, providing a foundation for
systematic empirical investigation. Third, it establishes a research agenda that identifies the most
productive directions for future comparative and longitudinal work in this underresearched
region.

The South Caucasus merits theoretical attention for reasons that extend well beyond its
geographic boundaries. It constitutes a concentrated site of institutional variation, three post-
Soviet states at different stages of formal institutional development, with different histories of
Soviet organizational culture, different trajectories of post-independence reform, and different
degrees of integration into international economic and regulatory frameworks, which makes it an
unusually productive context for examining how institutional conditions shape organizational
behavior. What the South Caucasus makes visible with analytical clarity, the loyalty-performance
tension makes legible across a much wider range of transitional- and developing-economy
contexts where formal institutions coexist uneasily with deeply embedded informal governance
mechanismes.

1.1. Scope and Positioning of the Paper

This paper is explicitly positioned as a conceptual contribution. It does not report primary
empirical data, and its propositions are advanced as theoretically derived claims to be tested in
future empirical research rather than as findings drawn from original fieldwork. This positioning
reflects a deliberate methodological choice: the loyalty-performance framework is sufficiently
novel, and the South Caucasian context sufficiently undertheorised, that a rigorous conceptual
elaboration of the framework has independent scholarly value prior to its empirical validation. The
paper draws on published organizational research, grey literature from international development
organizations with extensive regional engagement, and a synthesis of comparative HRM and
institutional scholarship to ground its theoretical argument in observable patterns without
overstating the evidentiary basis of its claims.
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1.2. Research Questions
The paper addresses three conceptual questions that together frame the loyalty-
performance framework:
RQ1: What theoretical mechanisms explain the persistence of informal network influence
on HRM decision-making in low-institutional-trust environments such as the South
Caucasus?
RQ2: What are the primary determinants that govern the relative predominance of loyalty
logic versus performance logic in HRM decision-making, and how do these determinants
interact?
RQ3: Under what conditions does the balance between loyalty logic and performance logic
shift, and what mechanisms drive that shift?

2. Theoretical Foundations

The loyalty-performance framework draws on three streams of scholarship that have not
previously been integrated in a systematic analysis of HRM in post-Soviet settings: institutional
theory, social capital and network theory, and comparative HRM research. This section reviews
each tradition, identifies its specific contribution to the framework, and establishes the theoretical
basis for its integration.

2.1. Institutional Theory: Formal Weakness and Informal Governance

Institutional theory provides the foundational lens for explaining why HRM practices vary
systematically across organizational environments and why informal governance mechanisms
persist alongside formal ones in transitional settings. DiMaggio and Powell's seminal account
established that organizations within a shared field exhibit structural similarity not because
convergent forms are necessarily more efficient but because they confer legitimacy within the
institutional environments in which organizations seek resources, recognition, and social approval
(DiMaggio and Powell, 1983). Applied to HRM, this insight implies that the content of people
management practices will reflect the logics operative in the institutional environments of the
organizations in question, including informal logics, rather than converging on a universal
efficiency-maximizing model irrespective of context.

North's distinction between formal and informal institutions carries particular weight for
the present analysis (North, 1990). Where formal institutions are strong, codified, and consistently
enforced, they provide the primary framework through which economic and organizational life is
structured. Where they are weak, ambiguous, or unreliable, informal institutions, norms,
conventions, and socially shared understandings enforced through reputation and relational
obligation fill the governance space. North's critical insight, often understated in applications of
his framework, is that informal institutions do not simply compensate for formal weakness: they
develop their own internal logic, their own moral economy, and their own enforcement
mechanisms that make them resistant to displacement even as formal institutional capacity grows.

Scott's three-pillar model extends this framework by disaggregating institutional influence
into regulative, normative, and cognitive dimensions (Scott, 2001). Regulative institutions, laws,
regulations, and enforcement mechanisms shape behavior through coercive sanctions. Normative
institutions, professional standards, occupational norms, and role expectations shape behavior
through obligation and appropriateness. Cognitive institutions' shared taken-for-granted
assumptions about how things are done shape behavior through constitutive scripts that actors
follow without conscious deliberation. In South Caucasian HRM, informal network governance
operates across all three dimensions: network-based hiring is sometimes legally constrained
(regulative), often professionally normalized (normative), and frequently taken for granted as
simply the way recruitment works (cognitive). Understanding its persistence requires engaging
with all three dimensions simultaneously.
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Comparative institutionalism elaborates the macro-level conditions that generate
different organizational configurations. Whitley's business systems framework demonstrated that
national institutional arrangements in finance, labor markets, education, and the state produce
systematically different patterns of firm governance and employment practice (Whitley, 1999).
Hall and Soskice extended this to show that coordinated and liberal market economies generate
fundamentally different HRM complementarities (Hall, Soskice, 2001). Noélke and Vliegenthart's
dependent market economy category, characterized by weak domestic institutions, porous
regulatory frameworks, and a high reliance on personal relationships for economic coordination,
provides the closest institutional type for understanding organizational environments in the South
Caucasus (Nolke and Vliegenthart, 2009). Yet this category was developed based on evidence from
Central and Eastern Europe and requires modification to accommodate the distinctive Soviet
institutional legacy and the post-independence trajectories of the South Caucasian states.

2.2. Social Capital and Network Theory: The Governance Logic of Informal Networks

Social capital theory explains the specific mechanisms through which informal networks
perform governance functions that formal institutions cannot adequately supply. Bourdieu
conceptualized social capital as the aggregate of resources, informational, material, and
reputational, accessible through membership in durable networks of mutual acquaintance and
recognition (Bourdieu, 1986). These resources are not merely personal assets but structural
properties of network positions: actors embedded in high-quality networks gain systematic
advantages in accessing opportunities, verifying information, and enforcing informal expectations
that structurally peripheral actors cannot replicate through formal channels alone.

Coleman's account deepens this by focusing on the closure properties of dense networks
(Coleman, 1988). Closed networks in which most members know one another and observe one
another's conduct generate strong norms of reciprocity and powerful mechanisms of reputational
sanction that create what Coleman termed social capital in the form of trustworthiness. An
employee recruited through a closed network not only arrives with an implicit performance
guarantee from the recommender but is also subject to a form of social control that extends
beyond the formal employment relationship. Breaking the employer's trust means simultaneously
damaging the recommender's reputation and one's own standing across the shared social
network, a multilateral sanctioning mechanism that employment contracts in weak-enforcement
environments struggle to replicate.

Granovetter's distinction between strong and weak ties provides the most directly
applicable network theory for HRM analysis (Granovetter, 1973). Strong ties, the close, multiplex,
emotionally intense relationships of kinship, longstanding friendship, and tight collegial bonds
provide high-quality, trust-verified information about personal qualities and reliability. In South
Caucasian HRM, strong-tie networks dominate recruitment and promotion decisions precisely
because they supply the kind of information about character, loyalty, and reliability under pressure
that formal credentials and interview processes in underdeveloped information environments
cannot match. Weak ties provide access to a wider range of candidates but do not generate
sufficient trust to resolve the reliability problem that drives network-based hiring in the first place.

The post-Soviet concept of blat illuminates the specific regional character of network
governance. Ledeneva's foundational research established that blat, the informal exchange of
favors and access that organized economic and social life under Soviet conditions, was not mere
corruption but a fully elaborated social institution with its own moral economy, its own norms of
obligation and reciprocity, and its own criteria of legitimate and illegitimate exchange (Ledeneva,
1998, 2006). Post-Soviet mutations of blat across Russia, Ukraine, and the wider former Soviet
space have been extensively documented; their South Caucasian analogues the Georgian concept
of k'atsi, the relational ethic of honour and mutual obligation; the Armenian akhperut'yun, the
brotherhood of trusted mutual loyalty; the Azerbaijani tanish, acquaintance-based access and
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favour exchange give informal network governance a culturally specific texture that generic social
capital theory does not fully capture. These are not simply informal practices that happen to
resemble blat: they are historically specific institutional formations whose internal logic and moral
weight must be understood on their own terms if HRM scholarship is to engage productively with
the organizational realities they shape.

2.3. Comparative HRM: The Limits of Universalism

Comparative HRM literature provides the third theoretical resource by documenting the
systematic inadequacy of universalist HRM prescriptions when applied in environments lacking
their institutional preconditions. The dominant tradition in HRM research, developed
overwhelmingly from evidence gathered in North American and Western European organizations,
has advanced a set of high-performance work system prescriptions whose universal applicability
has been increasingly challenged by comparative and cross-cultural scholarship (Brewster, 1999;
Wood and Ajnabi, 2010).

Research on HRM in post-Soviet and transitional economies has documented a persistent,
analytically significant gap between formal HRM adoption and actual practice. Soulsby and Clark's
longitudinal research in Central European enterprises demonstrated that Western HRM models
introduced through foreign investment were selectively enacted, symbolically adopted, and
domestically reconfigured in ways that reflected the persisting institutional and relational logics
of the socialist period (Soulsby and Clark, 2007). Michailova and Worm's comparative analysis
documented the ways in which personal network governance blat in Russia, guanxi in China shapes
knowledge management and organizational behavior in ways that formal management systems
neither anticipate nor adequately accommodate (Michailova and Worm, 2003). Collectively, this
literature establishes that HRM in post-Soviet economies is not a lagging or underdeveloped
version of Western HRM but rather a distinctive institutional configuration that requires its own
theoretical framework.

The literature also reveals a critical gap: no published study has systematically theorized
the mechanisms through which informal networks shape HRM across the South Caucasus as a
regional unit, developed a framework that integrates institutional theory and social capital
scholarship in the analysis of this dynamic, or advanced testable propositions that could guide
comparative empirical research. The loyalty-performance framework developed in Section 3 is
designed to fill precisely this gap.

2.4. Synthesis: Toward Integration

The three theoretical traditions converge on a set of shared insights that form the
foundation of the loyalty-performance framework. First, from institutional theory, HRM practices
reflect the governance logic of their institutional environments, and where formal institutions are
weak, informal institutions bear the governance load. Second, from social capital theory: informal
networks provide specific and substantive governance mechanisms, trust verification,
reputational sanctioning, and relational accountability that are not merely symbolic substitutes
for formal processes but functionally effective alternatives under specific institutional conditions.
Third, from comparative HRM: universalist prescriptions for performance-based people
management assume institutional preconditions that are absent or underdeveloped in post-Soviet
settings, generating a systematic gap between formal adoption and actual practice that requires
its own theoretical explanation rather than simple diagnosis as institutional underdevelopment.
3. The Loyalty-Performance Framework

This section fully develops the loyalty-performance framework. It defines the two
competing logics, specifies the four determinants that govern their relative predominance, and
advances five theoretically grounded propositions.
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3.1. Defining the Two Logics

Performance logic treats HRM as a technical optimization problem whose solution lies in
the design and administration of formal assessment, selection, and evaluation systems. It assumes
that job-relevant competencies can be identified, operationalized, and measured through
processes that are sufficiently reliable to override relational considerations in allocation decisions.
Its institutional preconditions are demanding: reliable mechanisms for verifying credentials and
references; enforceable employment contracts that protect both employer and employee
interests against opportunistic behavior; labor market information systems that reduce search
costs and the risk of adverse selection; and organizational capacity to design and administer
performance assessments without generating social penalties that undermine their use. When
these preconditions are met, performance logic produces HRM outcomes that are both technically
efficient and socially legitimate. When they are absent or unreliable, performance logic becomes
institutionally costly and practically fragile.

Loyalty logic treats HRM as a relational governance problem whose solution lies in
cultivating and deploying personal trust networks. It assumes that the primary risk in people
management is not technical incompetence but relational betrayal, the possibility that an actor
without prior ties of shared history and mutual obligation will exploit informational asymmetries,
renege on implicit agreements, or prioritize external interests over organizational loyalty. Its
institutional logic is not irrational: in environments where formal contracts are difficult to enforce,
and reputational information about unknown candidates is costly to verify, personal network ties
provide governance guarantees through strong-tie trust, network closure, and reputational
sanctioning that formal systems cannot match. Loyalty logic does not eliminate the risk of
incompetence; it trades technical risk for relational assurance, accepting a narrower candidate
pool in exchange for higher confidence in reliability and commitment.

The tension between these two logics is not a stable equilibrium but a dynamic,
contextually variable, and organisationally consequential relationship. In any given organization,
the relative weight of loyalty and performance logic in HRM decision-making reflects the
interaction of four theoretically identified determinants, each of which is specified below and
illustrated in Figure 1.

Figure 1. The loyalty-performance framework: four determinants and their directional effects on
HRM orientation. [Figure to be produced from empirical data and inserted here.]

3.2. The Four Determinants

3.2.1. Institutional Environment Quality (IEQ)

Institutional environment quality refers to the degree to which formal governance
mechanisms, such as contract enforcement, credential verification, labor market information, and
dispute resolution, provide reliable and accessible alternatives to network-based trust in HRM
decision-making. Where IEQ is high, the cost of performance logic falls: employers can verify
credentials through formal channels, rely on contracts to govern the employment relationship,
and access labor market information that reduces the informational advantage of personal
networks. Where |[EQ is low, these alternatives are unavailable or unreliable, and the relative cost-
benefit ratio of loyalty logic improves correspondingly.

[EQ is not a single-country characteristic but varies across sectors, firm types, and
regulatory domains within any given country. Georgian technology firms operating under
international accounting standards and with access to internationally recognized certification
systems face a different IEQ than Georgian family-owned retail enterprises whose employment
relationships are governed primarily by informal understandings. This within-country variation is
analytically important: it implies that HRM formalization can advance unevenly across sectors even
within a single national institutional environment.

3.2.2. Network Embeddedness (NE)
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Network embeddedness refers to the degree to which key HRM decision-makers are
personally embedded in dense, trust-rich informal social networks whose members are potential
candidates, recommenders, or relational stakeholders in employment decisions. High network
embeddedness creates both capability and normative pressure to use those networks in HRM
decisions: capability, because embedded actors have access to the trust-verified information that
network governance provides; and normative pressure, because failing to use the network when
a network-connected candidate is available carries social costs in the form of damaged
relationships and reputational consequences that make network exclusion organisationally costly
beyond purely informational considerations.

Network embeddedness is a property of individual decision-makers as well as of
organizations. A founder-owner deeply embedded in regional kinship and business networks faces
different HRM decision-making constraints than a professionally trained HR director in the same
organization whose personal networks are less dense or differently constituted. This individual-
level variation within organizations has important implications for understanding how the loyalty-
performance balance is negotiated within firms and across them.

3.2.3. Professional HRM Competence (PHC)

Professional HRM competence refers to practitioners' knowledge of formal HRM
methodologies, recruitment design, competency frameworks, performance appraisal, and
structured interviewing, as well as their confidence in these methodologies' ability to generate
reliable information for HRM decisions. PHC functions not merely as a technical resource but as a
form of institutional confidence: the practitioner-level belief that formal processes can produce
information reliable enough to justify performance-based decisions that override relational ones.
Where PHC is high, practitioners are better equipped to challenge loyalty-logic decisions on
professional grounds, to design formal processes that generate genuinely useful information, and
to invoke professional standards as a legitimate alternative to relational governance.

PHC is developed through formal HRM education, professional certification, and
experience with formal HRM systems within organizations. It is consequently distributed unevenly
across the South Caucasian HRM practitioner population, with higher concentrations in
internationally exposed sectors, larger organizations, and among younger practitioners who
received their professional formation in the post-Soviet period. This uneven distribution generates
predictable variation in the loyalty-performance balance across organizational types and
generational cohorts.

3.2.4. Resource Availability (RA)

Resource availability refers to the financial, human, and informational resources available
to organizations for the design and maintenance of formal HRM systems. Formal recruitment is
resource-intensive: advertising positions, designing assessments, conducting structured
interviews, verifying credentials, and administering formal onboarding all require financial
investment and professional time that network-based alternatives economize. Where RA is
constrained as it frequently is in small and medium enterprises in the South Caucasus, the cost
differential between formal and network-based HRM is practically significant and shapes
practitioners' choices independently of normative preferences. An employer who is genuinely
committed to performance-based HRM in principle may, in practice, be structurally constrained
to use network-based alternatives by the resource costs of maintaining a formal system.

3.3. Theoretical Propositions

Drawing from the four-determinant framework and the theoretical foundations reviewed
in Section 2, five propositions are advanced. These are offered as theoretically grounded claims to
be subjected to systematic empirical investigation rather than as empirically established findings.
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Table 1. Summary of theoretical propositions and their empirical implications.

Proposition Primary Empirical Implication

P1 Organizations operating in weaker IEQ will be negatively associated with
formal institutional environments will the predominance of loyalty logic across
exhibit significantly greater reliance on comparative samples.
loyalty logic in HRM decisions, ceteris
paribus.

P2 Higher network embeddedness among NE will retain significant predictive
key HRM decision-makers will be power for HRM orientation after
positively and significantly associated controlling for IEQ.
with the predominance of loyalty logic,
independently of the quality of the
institutional environment.

P3 Greater professional HRM competence PHC will be the strongest positive
will be positively and significantly predictor of performance-logic
associated with performance-logic orientation among the four
orientation, via institutional confidence determinants.
in the reliability of formal processes.

P4 Resource constraints will moderate the The IEQ-HRM orientation relationship
relationship between institutional will be significantly weaker in resource-
environment and HRM orientation, constrained organizations than in
restricting the practical viability of resource-adequate ones.
performance logic even in relatively
stronger institutional environments.

P5 The loyalty-performance balance will Internationally exposed, larger, and

shift toward greater performance-logic
orientation as a function of international
sector exposure, organizational scale,
and generational cohort, three
mechanisms that simultaneously
develop PHC, reduce NE, and improve
effective IEQ.

younger-led organizations will show
significantly higher performance-logic
orientation than domestically oriented,
smaller, and senior-led counterparts.

Note. |IEQ = Institutional Environment Quality; NE = Network Embeddedness; PHC = Professional
HRM Competence,; P = Proposition.

3.4. Dynamic Properties of the Framework

The loyalty-performance framework is not a static equilibrium model but a dynamic
account of how the balance between two governance logics shifts as the four determinants
change. Three mechanisms of dynamic change deserve particular theoretical attention.

International sector exposure serves as a combined mechanism that simultaneously
develops PHC through exposure to internationally standardized HRM practices, reduces effective
NE by expanding the range of candidates considered legitimate beyond existing personal
networks, and improves effective IEQ by embedding organizations in international regulatory and
credentialing frameworks that are more reliable than domestic equivalents. The technology,
financial services, and logistics sectors across all three South Caucasian countries provide
observable instances of this mechanism in operation.

111



Proceedings of the 13th International Scientific Conference

Organizational scale functions as a second mechanism. As organizations grow beyond the
size at which founder networks can adequately cover all key personnel decisions, the information
costs of network-only recruitment rise, and the case for formal HRM systems becomes more
compelling on purely practical grounds. The transition from founder-led to professionally
managed enterprise is a critical juncture at which many South Caucasian organizations negotiate
the loyalty-performance balance, often with significant internal conflict between relational and
meritocratic governance principles.

Generational change constitutes the third and potentially most structurally consequential
mechanism of framework dynamics. Younger professionals across the South Caucasus, those who
received their education and formed their career expectations in the post-Soviet period, who have
had greater exposure to international professional norms through education abroad, digital
platforms, and multinational employers, tend to express stronger preferences for meritocratic
evaluation and transparent career development than their senior colleagues. Whether these
generational preferences will translate into sustained HRM transformation or be absorbed and
moderated by the normative and reputational pressures of network embeddedness as younger
practitioners move into positions of organizational authority is a question the framework identifies
as one of the most important for future longitudinal research.

4. The South Caucasian Institutional Context

The loyalty-performance framework is developed as a general conceptual tool applicable
across any low-institutional-trust environment. This section grounds the framework in the specific
institutional realities of the South Caucasus, demonstrating both why this context is a particularly
productive site for its application and how the region's distinctive institutional configuration
shapes the expression of the four determinants.

4.1. Soviet Institutional Legacies

Any theoretically serious account of HRM in the South Caucasus must engage with the
Soviet institutional legacy not as a historical footnote but as a constitutive force that continues to
shape organizational behavior across the region. The Soviet workplace was, among other things,
a site of intensive network formation under conditions of structural scarcity. The allocation of
resources, the assignment of positions, the management of career trajectories, and the navigation
of everyday organizational life all depended on informal relationships that supplemented and
frequently substituted for the formal mechanisms of socialist planning and administration.

Soviet enterprises were formally organized along bureaucratic lines with defined
hierarchies, job classifications, and planned labor allocation. In practice, managers at every level
depended on informal networks to fulfill plan targets, manage production bottlenecks, secure
scarce inputs, and protect their units from the unpredictable demands of the planning apparatus.
Workers depended on managerial patronage and collegial solidarity for access to housing,
consumer goods, vacation allocations, and career advancement. The result was a dense web of
reciprocal obligations, informal understandings, and network-mediated coordination that
functioned in parallel with, and often more effectively than, the formal organizational structure.
When the Soviet Union collapsed, these networks did not dissolve. Amid the acute institutional
uncertainty and economic contraction of the 1990s, they intensified in importance, becoming
primary mechanisms of survival, coordination, and access to opportunity in environments where
formal institutions had been simultaneously dismantled and had not yet been reconstructed.

4.2. Contemporary Institutional Conditions Across the Three Countries

Three decades after independence, the institutional landscapes of Georgia, Armenia, and
Azerbaijan have undergone substantial but uneven transformation, generating within-region
variation that the loyalty-performance framework must accommodate.

Georgia's post-2003 Rose Revolution reform program produced significant gains in formal
institutional quality, particularly in reducing petty corruption, improving regulatory predictability,
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and strengthening property rights enforcement. The World Bank's governance indicators
consistently position Georgia among the strongest performers in the post-Soviet space on rule of
law and government effectiveness dimensions (World Bank, 2025). Nevertheless, the PULSE public
sector accounting assessment notes a persistent gap between formal standards adoption and the
quality of practical implementation, a pattern consistent with the framework's prediction that
institutional reform is necessary but not sufficient for the formalization of practice (World Bank,
2025). In HRM terms, Georgian organizations, particularly in Thilisi and in internationally exposed
sectors, show meaningful movement toward mixed-logic orientations, while domestic SMEs and
regional enterprises retain predominantly loyalty-logic patterns.

Armenia's 2018 Velvet Revolution initiated a reform trajectory with notable early progress
in judicial independence and anti-corruption enforcement, though the pace and depth of
institutional change have been moderated by geopolitical pressures and economic constraints.
The Armenian private sector is characterized by a significant diaspora business presence that
introduces international HRM norms through returnee entrepreneurs and diaspora-funded
enterprises, creating a distinctive mechanism of HRM norm transfer that has no precise parallel in
the other two countries. This diaspora channel is an important theoretical nuance that
comparative studies of HRM formalization in Armenia must incorporate.

Azerbaijan presents a more statist developmental configuration, in which the relationship
among formal institutions, business networks, and state authority is more tightly intertwined than
in the other two countries. The dominant role of state-connected enterprises in the economy and
the personalized character of business-state relations create an institutional environment in which
network-based governance is not merely a substitute for weak formal institutions but is actively
reproduced through the incentive structures of the political economy itself. HRM formalization in
Azerbaijan faces not only the institutional capacity constraints that affect all three countries but
an additional layer of network-based governance that is positively reinforced rather than merely
tolerated by the dominant institutional order.

4.3. Cross-Cutting Regional Patterns

Despite these country-specific differences, three institutional patterns are sufficiently
consistent across the region to warrant theoretical treatment as regional characteristics rather
than country-specific anomalies. First, labor market information systems remain underdeveloped
relative to Western European comparators across all three countries, maintaining the
informational advantage of personal networks in candidate assessment. Second, professional
credentialing in HRM and related fields carries variable reputational weight, with wide quality
disparities between elite and non-elite educational institutions that are frequently opaque to
employers relying on formal credentials. Third, the social and cultural expectations of network
reciprocity the normative pressure to hire and promote through one's relational networks, are
sufficiently embedded across all three contexts to constitute a regional institutional feature rather
than a purely individual attitude. These three patterns collectively sustain the conditions under
which loyalty logic remains rational, normatively compelling, and practically entrenched.

5. Discussion: Theoretical and Practical Contributions

The loyalty-performance framework advances theoretical understanding of HRM in post-
Soviet and transitional economies in three principal ways, each of which carries practical
implications for HRM reform design.

5.1. Reframing Informal Network Influence as Institutional Adaptation

The framework's most fundamental theoretical contribution is the reframing of informal
network influence on HRM from a governance failure to an institutional adaptation. The dominant
discourse in international development organizations and comparative HRM policy treats
network-based hiring and promotion as a form of nepotism to be eliminated through institutional
reform, training, and cultural change. This framing is not only theoretically inadequate; it

113



I Proceedings of the 13th International Scientific Conference

mischaracterizes the institutional logic of loyalty network governance and is practically
counterproductive, generating reform interventions that practitioners experience as attacks on
legitimate governance mechanisms rather than improvements in organizational effectiveness.

The framework argues, on theoretical grounds, that loyalty logic is rational under the
institutional conditions prevailing across much of the South Caucasus: it provides governance
guarantees that formal institutions do not yet reliably supply, at lower transaction costs than
formal alternatives. This does not mean that loyalty logic is optimal; its costs, including the
systematic exclusion of talented candidates from existing networks and the organizational
rigidities generated by loyalty obligations, are real and significant. But understanding those costs
and addressing them requires engaging honestly with the governance functions that loyalty logic
performs, rather than treating its persistence as evidence of cultural backwardness or institutional
failure.

5.2. The Four-Determinant Model and Comparative HRM Theory

The four-determinant model IEQ, NE, PHC, and RA provides a theoretically grounded and
empirically tractable framework for understanding variation in HRM orientation both across
organizations and over time. This model advances existing comparative HRM theory in two
important ways. First, by treating network embeddedness as an independent determinant rather
than a symptom of institutional weakness, it establishes that HRM formalization requires explicit
engagement with the social structure of decision-making networks, not simply improvement in
formal institutional quality. Second, by including resource availability as a determinant, it captures
the material dimension of the loyalty-performance tension that normative reform discourse
consistently neglects. Practitioners cannot implement formal HRM systems they cannot afford,
regardless of their normative commitments.

The framework also contributes to the varieties of institutionalism literature by identifying
a specific configuration of weak [EQ combined with high NE, low PHC, and constrained RA that
produces a predominance of loyalty logic regardless of formal regulatory mandates. This
configuration is not unique to the South Caucasus; it characterizes a wide range of transitional and
developing-economy contexts in which informal network governance persists alongside formal
HRM adoption. The loyalty-performance framework, therefore, has explanatory reach well
beyond its regional derivation.

5.3. Implications for HRM Reform Practice

The framework generates a set of practical implications for HRM reform that differ
substantively from conventional prescriptions. Effective HRM reform in the South Caucasus
requires simultaneous progress across all four determinants, not sequential improvement in any
single dimension. Training programs that develop formal HRM competence are necessary but
insufficient without complementary institutional and resource conditions. Regulatory reform that
improves formal contract enforceability is necessary but insufficient if network embeddedness
retains independent normative force. Resource provision that reduces the cost of formal HRM
systems is necessary but insufficient if practitioners lack the competence to use those systems
effectively.

The most practically significant implication of the framework is the case for phased,
engagement-based reform that works with the governance functions of informal networks rather
than seeking to replace them through regulatory prescription. This means, in concrete terms:
building formal credentialing systems that provide the trust-verified information that networks
currently supply through personal vouching; developing professional HRM associations that create
new normative frameworks and identities capable of competing with relational governance logics;
investing in accessible legal mechanisms for employment contract enforcement that reduce the
cost of performance-based dismissal; and designing capacity-building programmes that target not
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only HRM technical skills but the institutional confidence and professional authority that make
formal processes normatively legitimate in organisational decision-making contexts.
5.4. Limitations of the Conceptual Framework

The loyalty-performance framework has three limitations that future empirical research
must address. First, it treats the four determinants as analytically separable for purposes of
theoretical exposition while acknowledging that they interact in complex ways that the framework
specifies only at the level of directional effects. The precise functional form of these interactions,
whether they are additive, multiplicative, or threshold-conditional, requires empirical
investigation. Second, the framework draws on theoretical reasoning and published organizational
research rather than primary empirical data, so its propositions are theoretically grounded but not
empirically validated. Third, the framework's dynamic propositions about the mechanisms
underlying shifts in the loyalty-performance balance are speculative in the absence of longitudinal
evidence. All three limitations identify productive directions for future empirical research rather
than invalidating the framework's conceptual contribution.
6. Research Agenda and Conclusions
6.1. Empirical Research Agenda

The loyalty-performance framework generates a structured research agenda organized
around the five theoretical propositions and the three dynamic mechanisms identified in Section
3. Table 2 summarises the most productive directions for empirical investigation, specifying for
each the appropriate methodology, the key measurement challenges, and the theoretical
guestion it would resolve.
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Table 2. Empirical research agenda derived from the loyalty-performance framework.

Research Priority Methodology Key Measurement Proposition
Challenge Addressed
Cross-national Structured survey, Measuring loyalty vs. | P1, P2, P3, P4
comparative survey chi-square, logistic performance
of HRM orientation regression orientation without
across Georgia, social desirability bias
Armenia, and
Azerbaijan
Qualitative study of Semi-structured Accessing candid P2, P5
HRM decision-making | interviews, thematic | accounts of network-
in founder-led vs. analysis based decisions
professionally
managed firms
Longitudinal tracking | Repeated measures |dentifying causal P5, dynamic

of HRM orientation
change in
organizations
undergoing
formalization

survey, case study

mechanisms vs.
selection effects

mechanisms

Sector-comparative Mixed methods Controlling for firm- P1, P4, P5
analysis: technology within-country design | level vs. sector-level

vs. agriculture vs. IEQ variation

public administration

Generational cohort | Survey with cohort Separating age from P3, P5
study of HRM norm stratification cohort from period

preferences across effects

age groups

Extension to Comparative cross- Identifying South Framework

comparable post-
Soviet contexts:
Central Asia, Eastern
Partnership countries

national design

Caucasus-specific vs.
generalizable
framework elements

generalisability

Note. IEQ = Institutional Environment Quality; NE = Network Embeddedness; PHC = Professional
HRM Competence.

6.2. Methodological Guidance for Future Research

Future empirical studies testing the loyalty-performance framework face a specific
methodological challenge that warrants explicit theoretical attention: measuring loyalty-logic
versus performance-logic orientation in the absence of observable, objective HRM decision data.
Self-reported survey measures of HRM practice are subject to well-documented social desirability
bias, as practitioners are aware that network-based hiring is formally disapproved and may
understate its prevalence. Future research should complement survey measures with scenario-
based experimental designs, in which respondents are asked to make hypothetical hiring or
promotion decisions under varying conditions of candidate network connections and formal
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gualifications, thereby providing behavioral indicators of HRM orientation that are less susceptible
to social desirability distortion.

Qualitative approaches, particularly semi-structured interviews and organizational
ethnographies, remain essential for accessing the decision-making logics and relational dynamics
that statistical measures cannot fully capture. The combination of qualitative depth and
guantitative breadth in a convergent mixed-methods design offers the strongest methodological
foundation for empirical investigation of the framework's propositions.

6.3. Conclusions

This paper has developed a conceptual framework of the loyalty-performance tension to
understand how informal social networks shape HRM practices in the South Caucasus and, by
extension, across a wide range of low-institutional-trust environments in post-Soviet and
transitional economies. The framework integrates institutional theory, social capital scholarship,
and comparative HRM research into a coherent four-determinant model that identifies the
conditions under which loyalty logic or performance logic predominates in organizational people
management decisions, specifies the mechanisms through which the loyalty-performance balance
shifts over time, and advances five empirically testable propositions that establish a structured
agenda for future research.

The framework's central theoretical claim that loyalty logic in HRM is not a cultural residue
awaiting displacement through institutional modernization but a rational and functionally
effective governance mechanism that persists because formal institutions do not yet provide
equivalent guarantees of reliability, competence, and trustworthy conduct has important
implications for how HRM reform is understood and designed in the region. Reform efforts that
engage with the governance functions of informal networks, rather than treating them simply as
obstacles to be removed through regulatory prescription, are more likely to produce substantive
and durable changes in HRM practice than efforts premised on the assumption that institutional
development will eventually make loyalty logic obsolete on its own.

The South Caucasus is not, in this analysis, simply a regional case study in the limitations
of Western HRM theory. It is a theoretically productive site for examining, with unusual analytical
clarity, a tension that operates wherever formal institutional capacity and informal network
governance coexist, a condition that characterizes a substantial portion of the world's
organizational environments. The loyalty-performance framework offers a conceptual tool for
making that tension legible, for specifying its determinants and dynamics, and for deriving reform
implications from those specifications that neither pure institutional theory nor pure social capital
theory can generate alone.
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Technical Sciences

IKCTPAKLMA BUONOTNYECKN aKTUBHbIX
coegnHeHunn ns Hypericum perforatum L.

AlitmarambeTtoBa [InaHa

Bakanasp, KATUY num. C.Cendynnmta
"akynosa [.H.

Mpodeccop, K.T.H., KATUY nm. C.CenndynnmHa

AHHOTaUMA
3Bepobon npoabipaBAeHHbIN (Hypericum perforatum L.) ABNAE€TCA LEHHbIM UCTOYHUKOM
B6MONOTMYECKM  AKTMBHbLIX (EHOJIbHbIX coeauMHeHnn — GnaBoHOUAOB (PYTUH, KBEPLETUH,

rmneposuna), HapToAMaHTPOHOB (TMNEePULMH) MU NMPOU3BOAHbLIX GAoporoUMHa (rMnepdopmrH),
obnafatolUmMX AHTMOKCUAAHTHON, MNPOTUBOMMKPOOHOM W KOHCEPBMPYIOLLEN aKTMBHOCTbIO.
3dbeKTUBHOCTb M3BNEYEHMA AAHHbIX COEAMHEHMI U3 PACTUTENIbHOIO ChipbA KPUTUYECKM 3aBUCUT
OT BbI6PaHHOro MeToAa 3KCTPaKLMM M ero NnapaMeTpoB. B HacToAllem nccneaoBaHMM npoBeaéH
CPaBHUTENbHbIM aHaNW3 TPAAMUMOHHBLIX (Malepaums, NeproNALMA, OTBAapPUBAHME, IKCTPaKLMA
COKCNEeTOM, 3KCTpaKLMA NPOTMBOTOKOM, BOAHO-CMMPTOBAA 3KCTPaKuma c depmeHTaumen) wu
COBpPEeMEHHbIX (yNbTpa3ByKOBas, MMUKPOBO/MIHOBAA, CBEPXKPUTMYECKas OAOMAHAA, 3KCTPaKUMA
MMMNYNbCHBIM 3N1EKTPUYECKMM MONEM, TMAPOANCTUNNALMNA, PUTOHWMKA) METOAOB IKCTPAKLMM
NPUMEHUTENBHO K Cbipblo 3Bepob0oA. IDKCNepMMEHTaNbHO YCTAHOB/IEHO, 4YTO ANA MeToja
Malepaumm onTMManbHbIMKU MapaMeTpamm ABAATCA: TemnepaTtypa 50°C, Npoao KMTeNbHOCTb
24 yaca, aKkcTpareHT — 70% 3TUNOBbIM CNMPT, COOTHOLWEHME Cbipbé: akcTpareHT 1:10. Mpu AaHHbIX
YCNOBUAX CYMMapHoe codepyKaHue (eHOJbHbIX COeAMHEHWI B 3KCTPAKTE M3 CyxOM Tpasbl
3Bepobos gocturaet 20,1 mr/r, a 3 06pasuos *in vitro* — 25,7 mr/r. NokasaHo, YTO MOBbILLEHNE
KOHLUEeHTpauumn ataHona ¢ 40% no 70% ysenmumBaeT BbIXOA, GeHONbHbIX coeamHeHunn 8 1,5-2,0
pa3a. lonyyeHHble pe3ynbTaTbl 060CHOBLIBAOT BbIGOP ONTUMANIbHOTO METOAa 3IKCTPaAKLMK ANA
MaKCMMaIbHOro M3BAeYeHUs GEeHONbHbIX COeAMHEH NI M3 3Bep0D0A C LEeNbio UX MCMO/b30BaHNA B
NMULLEBON NPOMbILLNEHHOCTU B KA4eCTBe HaTypPaslbHbIX aHTUMOKCUAAHTOB U KOHCEPBAHTOB.

Kntouesble cnoBa: Hypericum perforatum L., 38epoboii NpoAbIPABNEHHbIN, 3KCTPAKUMA
beHoNbHbIX COeAMHEHWI, MallepaUus, yAbTPa3BYKOBaA IKCTPAKLMA, MUKPOBOJIHOBAsA KCTPAKLMS,
CBEpXKpUTMYEecKaa  datomaHana  3KCTPaKUMA,  aHTUMOKCMAAHTHAs  aKTMBHOCTb,  MULLEBas
MPOMBbILLTIEHHOCTb.

BeesneHue

B NMLIEBON MPOMBIWNAEHHOCTN 3KCTPAKLMA ABAAETCA MEPBbIM U KPUTUYECKMM 3Tanom
NoJlyYeHMA HaTypanbHbIX GYHKUMOHANbHbLIX MHIPEAMEHTOB — aHTMOKCUAAHTOB, KOHCEPBAHTOB,
apoMaTM3aTOPOB M BUONOTMYECKM aKTUBHBbIX 106aBOK. HeCMOTpA Ha 3To, AaHHOMY 3Tany HepeaKo
yaenaeTcA HeAOCTaTOYHOe BHMMaHMWe, XOTA, A0 ABYyX TpeTen Tpyao3atpaT B aHaAUTUYECKOWM
NPaKTUKe NPUXOANTCA MMEHHO Ha npobonoarotosky [1].

PasBuMTME COBPEMEHHbIX XPOMaTOrpadUUeckmMx U  CNeKTPOMETPUYECKMX MEeTOA0B
6e3yCNOBHO YNPOLLIAET KOHTPO/Ib Ka4eCcTBa NMULLEBOIO CblPbs M FOTOBbIX IKCTPAKTOB, OAHAKO yCnex
TEXHONOMMYECKOro npoLecca MNo-NpeHemy 3aBWUCUT OT MPaBWAbHO BblIGpaHHOrO MeToaa
3KCTPaKLMK, €ro napamMeTpoB M OCODBEHHOCTeM pacTUTenbHOM MaTpuubl [2]. KntouyeBbiMum
dakTopamn, BAMAWMMN Ha 3DPEKTUBHOCTb M3BAEYEHUA OMOAKTUBHBLIX MONEKYA, ABAAIOTCA
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CTPYKTYpa  pacCTUMTeNbHOM  TKaHW, TWUN  pacTBOpWUTeNns, Temnepatypa, [daBleHue U
NPOAOMKNTENBHOCTb NpoLecca [3].

3a nocneaHue 50 neT Hapaay C TPAAMLMOHHbBIMM METOAAMW B MULLEBON NPOMbILLAEHHOCTH
BCE LUMpPE NPMMEHAIOTCA HETPAAMLUMOHHbIE NOAXOAbl. 3TN METOAbl XapPaKTEPU3YIOTCA CHUKEHMEM
notTpebneHna OpraHMYecKMx PacTBOPUTENEN, COKPALLEHMEM BPEMEHW 3KCTPAKLMM, a TaKKe
NOBbILLIEHMEM BbIXOAA U CENEKTUBHOCTM LIENEBbIX KOMMOHEHTOB [4]. K uyMcay Takmx mMeTonos
OTHOCATCSA  y/NbTPA3BYKOBAA  JKCTPaKLMA,  MMKPOBOJIHOBAA  3KCTPAKUMA,  IKCTPaAKLMSA
cBepxKkputmdeckon yrnekncnoton (CO;), 3KCTPaKUMS MMMYAbCHbIM  3N1EKTPUYECKMM TMOMEM,
dbepmeHTaTMBHAA 3IKCTPaKUMA 1 Ap. [6]. Tem He meHee TpaaMLUMOHHAaA 3KCTpakuma CoKCneTom no-
NpeXKHeMy pPacCcCMaTPUBAETCA KaK 3TaZ0oHHbIM meTon, ANA cpaBHeHUs 3ddEeKTUBHOCTU BHOBb
pa3paboTaHHbIX TeExHOoNOrnM [7].

3Bepoboit NnpoaplpABAeHHbIN (Hypericum perforatum L.) — pacTeHue, KOTOpoe B NULLEBOM
NPOMbILWNEHHOCTU U HYTPUUMONOrMKN NpmnobpeTaeT BCE Bonbliee 3HaveHWe Baaroaaps BbICOKOMY
coaepKaHnto GeHOoNbHbIX coeanMHEHMI. B cocTas cbipba BXOAAT GnaBoOHOMAb! (PYTMH, KBEPLLETUH,
rmneposuna), npousBoaHbie daoportounHa (rmnepdopuH), HaPTOAMAHTPOHbLI (FMNEePULMH), a
Takxke AybunbHble BellecTBa M PpeHoNKapboHOBbIe KMCAOTbI [8]. ITM coeamHeHus obnagatoT
BbIPa*KEHHOM aHTUOKCMAAHTHOMW, MPOTUBOMMKPOOHOM M KOHCEPBMPYIOLLEN aKTMBHOCTBIO, YTO
nenaeT 3BepobOM MNepcnekTUBHbIM CbIpbEM ANA NPOM3BOACTBA HATypPasibHbIX MULLEBbLIX
aHTUOKCcKaaHToB, BAJOB 1 pMTOYaEB [8].

OfHaKo NPOMbILLINEHHOE MCNONb30BaHME 3Bep0bH0s B MULLEBLIX LIENAX CTA/NIKMBAETCA C
TEXHONOTMYeckon npobaemon: GeHoNbHble COeAMHEHMA NIOKANM30BaHbl BHYTPUKNETOYHO (B
BAKYONSAX U CEKPETOPHbIX BMECTUAULIAX) M YAaCTUYHO CBA3aHbl C KAETOYHbIMW CTEHKaMM, 4YTO
3aTPYAHAET WX MacComnepeHOoC B MULLEBblE 3KCTpareHTbl (Boja, BOAHO-CNMPTOBbIE PACTBOPbI,
pacTuTenbHble macna). Kpome TOro, mHorve ¢eHonbl, ocobeHHO rMnepuumH 1 runepdopmH,
TEPMO- M CBETOMAOUbHBI: OHM Pa3pyLLAtOTCs NPWM HarpeBaHMM Bbile 60—70°C 1 OKMCAAOTCA Ha
cBeTy. Takum 0H6pa3om, ANA M3BNEYEHNS MAKCMMAbHOro KoanmvecTsa GeHO/bHbIX COEANHEHMN U3
38epob0s C LeNblo MX MCNOJb30BaHMA B MULLEBLIX MPOAYKTaX HEOOXOAMM HE NMPOM3BOJbHbIN, a
Hay4YHO OOOCHOBaHHbIM BbIDOP MeTo[a 3KCTPaKuUmMuM, obecneumsatolimin: (1) BbICOKYHO CTeneHb
PA3PYLIEHNSA KNETOYHbIX KOMMAPTMEHTOB, (2) MUHUMANbHYIO TEPMUYECKYID U OKUCAUTENbHYIO
nerpagaumto, (3) COOTBETCTBME IKCTpareHTa TpeboBaHUAM NuLLeBOn 6e30NacHOCTM.

MpOoMbILINEHHOE MCMNOJb30BaHME 3Bep0b0a B MULLEBOM MPOMbIWAEHHOCTU OrPaHUYEHO
BHYTPMKNETOYHON NoKanusaumen GeHoNbHbIX COeAMHEHWIA U UX  4YyBCTBUTENbHOCTBIO K
BO34EMNCTBUIO TEMNEPATYPbI 1 CBETA, YTO CHMMKAET 3DDEKTUBHOCTb MX M3BIEYEHWUS N COXPAHHOCTb.
B cBA3M C 3TUM HeobxoaMm BbIGOP ONTUMANbHOTO METOAa SKCTPakuuM, obecnedymBatolero
BbICOKMI BbIXO4, (PEHONbHbIX COEAMHEHWI NPU MUHUMAABHOM Aerpagaumm  BUoaKkTUBHbIX
KOMMNoHeHTOB. Llenbto wuccnepoBaHua sABNAAOCL 000OCHOBAHWE  pPaLUMOHANbHbIX  YCA0BUIA
3KCTPaKkUMM GEHOSbHbIX COeAMHEHWI U3 3Bep0DOA, NPUroAHbLIX 414 NPUMEHEHMSA B MULLEBOM
NPOMbILLIEHHOCTMU.

MaTepuansl n metoapl

O6beKkTaMn  UCCNeA0BaAHMUA CAYKUAM 00pasubl Tpasbl 3BepoboA MNpPoAbIPABAEHHOrO,
nony4eHHble ABymaA cnocobamm: Cyxas Tpasa, 0bpasupl in vitro.

BbicylueHHOe Cbipbé M3Menbvanu B nabopaTopHOM HOKeBOW MenbHuLe Pulverisette 11
(Fritsch, fepmaHus) 40 COCTOAHUS NOPOLLKA.

B paboTe npoBeAéH CPAaBHUTENbHbIN aHANN3 TPAAULMOHHBIX N COBPEMEHHbIX METOA0B
3KCTPaKLMM BUONOTNYECKM aKTUBHbIX BELLECTB M3 PACTUTENIbHOTO CbipbA. DKCMEepMMEHTalbHble
nccnenoBaHMA BbINONHAAM METOAOM MalgpaLmm C MCNONb30BaHUEM ANCTUANMPOBAHHOM BOAb,
40%-Horo 1 70%-HOro sTaHo/1a NPM COOTHOLLEHMN CbiPpbA M 3KCTpareHTa 1:10. IKcTparnpoBaHme
nposoaunun npu Temnepatypax 30-70 °C B TeyeHune 24 yacos. [Mocne GUALTPOBAHMUA SKCTPAKTbI
KOHUEHTPMPOBAAN Ha POTALMOHHOM McnapuTene. IGPEKTMBHOCTb IKCTPAKLMKU OLEHMBANM NO
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COAEPKAHMIO CyXMX BELEeCTB W CYMMapHOMY COAEpPaHWio PEeHONbHbIX COeAMHEHUN,
onpeaenaemomy CnekTpoGoTOMETPUYECKMM MeToaoM C  peakTnBom donmHa—YHokanbrey.
Pe3ynbTaTbl Bblpaskaau B M FaiI0BOM KMCNOTbI Ha rPamMM SKCTpakTa (mr GAE/T) n npeactasnsamn B
BMAE CPeIHEero 3Ha4eHma 1 CTaHAapPTHOro oTkAoHeHma (M + SD).

PesynbraThl M 0b6CyKaeHNe

CpaBHUTENbHbIN aHANM3 MEeTOA0B 3IKCTPAKLUMM MOKaszas, YTO TPAAMUMOHHbIE METOAb!
XapaKTepuM3yTCA NPOCTOTON peannsaumm, OAHaKO TPebytoT 3HaUMTENbHbIX BPDEMEHHbIX 3aTpaT U
YyacTto obecneymBaloT OrpaHUYEHHbIA BbIXOA, LleneBblX KOMMNOHeHTOB. COBpeMeHHble MeToAapbl,
BK/OYAA YNbTPA3BYKOBYH, MWKPOBOMHOBYKD W CBEPXKPUTUYECKYIO OGAOMAHYIO 3KCTPaKLUMIO,
NO3BONAIOT  MHTEHCMOMUMPOBATL  MPOLECC W MNOBbICUTb  3GPEKTUBHOCTb  M3BNEYEHMA
HMONOTMYECKM aKTUBHbIX BELWECTB, OAHAKO CBA3aHbl C MCMONb30BaHMEM CNeunanm3mpoBaHHOroO
obopyaoBaHMAa M Honee BbICOKMMM 3SKCMAyaTaUMOHHbIMK 3aTpaTamun. [anee B Tabaumue 1
NPeACTaBNEHO BAWMAHME YCAOBMIA IKCTPAKUMM Ha codepKaHue GeHONbHbIX COeAMHEHUI B
3KCTpaKTax 3Bepobos.

Tabnvua 1 — BAnAHME yCNOBUI IKCTPAKLMM Ha COAepHaHMe GpeHONbHbIX CoeAUHEHNI B
3KCTpaKTax 38epobos

JKCTpareHT Temnepatypa, °C CoaepskaHune GeHoNbHbIX coeanHeHnin, mr GAE/r
Boaa 30 4,3+0,2f
40% sTaHoN 30 10,2 + 0,4¢
70% sTaHon 30 18,1 +0,8°
Boaa 50 4,4 +0,2f
40% sTaHoN 50 4,7 +0,3f
70% sTaHoN 50 20,1 +0,9?
70% aTaHON 60 16,7 +£0,7¢
70% aTaHoN 70 15,7 +0,8¢
MpumeyaHue: 3HaYeHns npeacTasneHbl Kak M + SD (n = 3). Pa3nnyHblie HyKBEHHble MHAEKCbI
YKa3bIBatOT Ha CTAaTUCTUYECKM 3HAUYMMbIE PA3NNYMA MeXAay CpeHUMM 3HaYeHnamm (p < 0,05).

Kak BnaHo m3 Tabauupl 1, HanbonblWnin BbiIxoa GEHONbHbLIX CoOeAMHEHN obecneymBan
70%-Hbilh 3TaHON. MaKcmanbHoe coaepkaHune GeHonbHbIX coeanmHernin (20,1 + 0,9 mr GAE/T)
6bin0  nonydeHo npu TemnepaType 50 °C. TllosbiweHne Temnepatypbl ago 60-70 °C
COMPOBOXAAN0Ch CHM¥XEHMEM coAepKaHNA GEeHONbHbIX COEAMHEHWNIN, YTO MOXKET DbITb CBA3AHO C
MX YaCTUYHOW TEPMMYECKOM Aerpadauneit. MonydeHHble pe3yabTaTbl CBUAETENLCTBYIOT O TOM, YTO
KOHLEHTpPaLUMA 3KCTpareHTa oOKas3biBaeT 0Oosee BblpaXKeHHoe BAMAHME Ha 3OGEKTUBHOCTb
3KCTPaAKUMU, YEM M3MEHEHME TEMMEPATYPbI B UCC/IEA0BAHHOM AMana3oHe.

[ns skcnepMmeHTanbHOM OLEeHKM Bbla BbibpaHa mauepaunmoHHas 3KCTPaKUMA Kak oauH
M3 Hambonee [AOCTYMNHbIX M LWWPOKO MNPUMEHAEMbIX METOZO0B MOJYYEHUA PACTUTENbHbIX
9KCTPaKTOB. Pe3ynbTaTbl MCCAeA0BaHUA MOKa3ann, YTo aGpPeKTUBHOCTb M3BAEYEHUA GEHObHbIX
coeZIMHeHU M3 3BepobosA CyLWEeCTBEHHO 3aBMCUT OT COCTaBa 3KCTPareHTa M TemnepaTypsbl
npoLecca.

Bo Bcex wccnenoBaHHbIX PEXUMAX HaMbONbWNIA BbiIXOA GEHOMbHLIX COeAMHEHWNN
obecneunsan 70%-Hbli 3TaHON. MaKcMManbHoe coaepaHue GeHONbHbIX COeaAMHEHWUN Obino
[0CTUTHYTO Npu Temnepatype 50 °C u coctasuno 20,1 mr GAE/r ana cyxoro pacTUTeIbHOMO CbipbA
n 25,7 mr GAE/r ana 06pasLoBs, NofydeHHbIX in vitro. MNpu ganbHenlem NoBbleHMM TEMNepaTypbl
0o 60-70 °C HabAto4anoch CHUMXKEHWe coaepKaHnsa GeHObHbIX COeANHEHUI, YTO MOXKET OblTb
CBA3@HO C MX YAaCTMYHOWN TEPMUYECKOM Aerpagaumen.

YcTaHOBNEHO, 4To 06paslpbl in vitro XapakTepusoBanncb Honee BbICOKMM BbIXOAOM
dEeHONbHbIX COeAMHEHMI MO CPAaBHEHMIO C TPAAMUMOHHbBIM PAaCTUTENbHbIM CbipbéM. Hanbonee
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Bblpa)KeHHOe pas3anyme HabaZanocb npu akcTpakumm 70%-Hbim sTaHonom npu 50 °C, rae
cofieprkaHme peHoNbHbIX coeanHeHMn B 0bpasLiax in vitro NpeBbIWano aHaA0rMYHbIN NoKa3aTe b
Cyxoro cbipba Ha 27,9 %.

Takmm 0bpa3om, oNTUMaNbHbIMM YCAOBUAMM IKCTPArnpoBaHmMa GeHOo/bHbIX COeAMHEHNI
n3 3Bepobod MeToAoM Malepaumm ABAATCA  Mcnosnb3oBaHve 70%-HOro 3aTaHosna npwu
TemnepaType 50 °C, yto obecneynmBaeT MaKCKMMa/bHbIA BbIXOA LLE/EBbIX COEANHEHUA N MOXKET
HbITb PEKOMEHA0BAHO A8 NoyYeHna GeHONCoAePKALUMX IKCTPAKTOB MULLEBOrO Ha3HAYeHUA.

3aKknoveHne

MNpoBeAEHHbIN aHaIM3 METO0B IKCTPAKLMM PACTUTENIbHOIO CbiPbA MOKa3an, YTo BbibOp
TEXHONOTMM OnpeaenaeTca NpUPoOAON LEeNeBbix coeAuMHeHWN, TPebOBaHWAMM K KayecTBy
3KCTPaKTa M ycnoBmsamm npomssoactsa. Cpean TPaAMUMOHHbBIX METOA0B MaLepaLma COXpaHAaeT
NPaKTUYECKYtO 3HAYMMOCTb 6narogapAa MNpPOCTOoTe peanusauymM M BO3MOMXKHOCTM M3BAEYEHMSA
TEPMOYYBCTBUTE/IbHbIX KOMNOHEHTOB 6€3 MHTEHCMBHOIO TEPMUYECKOTO BO3AENCTBUA.

YcTaHOBNEHO, YTO 30bEKTUBHOCTb M3BNEeYeHMA GEeHONbHbIX CoeaMHEHU 13 3Bepobosn
NPOAbIPABAEHHOIO CYLECTBEHHO 3aBWCUT OT TeMnepaTypbl MpoLecca M CoCTaBa 3KCTpareHTa.
Hanbonbwmnin Bbixoa GeHONbHbIX COEANMHEHWNN AOCTUTHYT NPU UCNOAb30BaHMM 70%-HOro 3TaHoONa
npu TemnepaTtype 50 °C. B AaHHbIX yCNOBUAX coaeprkaHne GeHONbHbIX COeAMHEHWIA COCTaBMIO
20,1 mr GAE/r ans cyxoro pactuTensHoro cbipbs 1 25,7 mr GAE/r ans 06pasuyos, NOAYYEHHbIX in
vitro.

MoKasaHo, YTO CbIpbE, MNONYYEHHOE in Vitro, XxapakTepunayeTcs 6onee BbICOKMM BbIXOA0M
dEeHONbHbIX COeAMHEHMIA MO CPABHEHMIO C TPAAMUMOHHBIM PACTUTENbHbIM MaTepPUanom, YTO
CBMAETENbCTBYET O €ro NepcrneKkTMBHOCTM B KayecTBE WMCTOYHWMKA OMONOrMYECKU aKTUBHbIX
BELLecTB.

Takum 06pa3om, ONTUMMU3MPOBAHHbIE MapPaMeTPbl  MalepPaLMOHHON  3KCTPAKLMK
obecneynBatoT 3PpPeKkTUBHOE M3BAEUYEHME PEHONbHbLIX COeAMHEHNM M3 3Bepobosa U MOryT BbiTb
MCNONb30BaHbl NPK pa3paboTKe TEXHONOTMIA NOAYYEHNA HATYpPaAbHbIX SKCTPAKTOB A5 NULLEBOMN
NPOMbILIIEHHOCTM, MPOU3BOACTBA OWONOTMYECKM aKTMBHbIX A06aBOK M dYHKUMOHANbHbIX
NPOAYKTOB NMTAHMA.
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DOVLIT INFORMASIYA SISTEMLIRININ
TOHSIL MUBSSISSLaRINDS
INTEQRASIYASI: PROBLEMLOR Vo HoLL
YOLLARI

ibrahimxalilova Aysu Qabil qizi

Azarbaycan Respublikasinin Prezidenti yaninda Dévlat idaracilik Akademiyasi
Safiyev Elsad Sileyman oglu

Azarbaycan Respublikasi Prezidenti yaninda Dévlat idaracilik Akademiyasi

XULAS®

XXI asrda informasiya-kommunikasiya texnologiyalarinin stratli inkisafi tahsil sisteminda
idarsetma va talim proseslarini darindan dayismisdir. Dovlat informasiya sistemlarinin tahsil
muassisalarine inteqgrasiyasi mduasir tahsilin  ragemsal asasda qurulmasina, qgararlarin
samaraliliyinin artmasina va saffafligin taminina xidmat edir. Maqalada Azarbaycanin tahsil
sektorunda dévlat informasiya sistemlarinin inkisafi, Ali Tehsil informasiya Sistemi (ATIS), Tahsil
Markazlasdirilmis informasiya Sistemi (TMIS) kimi platformalarin tatbiqi, bu integrasiyanin hiiqugi
va institusional asaslari, infrastruktur, texnologiya va insan resurslari ¢atinliklari tahlil edilir. 9lda
edilmis naticalar gostarir ki, ragemsal strategiyalar va layihalara baxmayaraq, informasiya
sistemlarinin birga islomasi va informasiya tahlikasizliyi sahasinda problemlar galmaqdadir. Bu
sobabdan sanadds vahid identifikasiya va autentifikasiya mexanizmlarinin qurulmasi,
interoperabiliya nail olunmasi, kadr hazirliginin giiclandirilmasi va kibertahlikasizlik tadbirlarinin
takmillasdirilmasi Gzra takliflar irali strdlir.

Acar sézlar: informasiya sistemlari, inteqrasiya, tahsil siyasati, kibertahliikasizlik, ATIS, TMIS,
e-hékumat

WHTEMPALNA TOCYOAPCTBEHHbBIX UHPOPMALIMOHHbBIX CUCTEM B OBEPA3SOBATE/IbHbIX
YYPEXRAEHUAX: NPOBMEMBI U MYTU PELLEHNA
PE3IOME

B ycnoBuMAx CTpeMUTENbHOIO Pa3BUTUA MHOOPMALMOHHO-KOMMYHMUKALMOHHbBIX TEXHONOTMN
WHTErpauma rocyaapcTBeHHbIX WMHPOPMAUMOHHBIX CUCTEM B 0Opa30oBaTe/bHbIE YYpPEeXAeHMUA
CTAaHOBMTCA K/tOYEBLIM HamnpasieHMeM UMPPOBON TpaHchopmaumm obpasosaHua. B pabote
aHAM3MPYIOTCA MPOTrPaMMbl M HOPMaATMBHbIe aKTbl A3epbalarkaHa, pe3y/nbTaTbl BHeApPeHUA
LLeHTPaNM30BaAHHbIX CUCTEM ynpaBaeHua aaHHbiMK (ATIS, TMIS), a Tak»Ke onbIT UX MCMONb30BaAHMS
B YHMBepcuUTeTax u WkKonax. 0bo3HadeHbl bapbepsbl, CBA3aHHbIE C MHOPACTPYKTYPON, TEXHONOTMENR
M KagpOoBblM MOTEHLMANOM, N MOKa3aHO, YTO OTCYTCTBME €AMHOro MeXaHM3Ma MaeHTUMKaLmK,
HECOBMECTMMOCTb CUCTEM W PUCKN KMbepbesonacHocTM 3aTpyaHAlT 3QDEKTUBHbLIN 0OMeEH
nHbopmaumein. NMpeanoxKeHbl pekoMeHaauUnm No co34aHNI0 eaAMHON NAATPOPMbI ANA MHTErPaLUK,
NOBbILEHMIO KBanMbUKaALMM MNepcoHana, COBEPLIEHCTBOBAHMIO 3aKoHOAaTeNbHOM 6a3bl U
ycuneHuio mep MHGopmMaLMoHHOM 6e3onacHoCTH.

Kniouesole €no8a: UHGHOPMAUUOHHbIE CUCMEMSbI, UHMezpayusa, o0bpa3osamenvHas
nonumuka, kubepbesonacHocme, ATIS, TMIS, anekmpoHHoe npasumesibcmeso

125




Proceedings of the 13th International Scientific Conference

INTEGRATION OF STATE INFORMATION SYSTEMS IN EDUCATIONAL INSTITUTIONS: PROBLEMS
AND SOLUTIONS
SUMMARY
The rapid development of information and communication technologies has fundamentally
transformed educational administration and learning. Integrating state information systems into
educational institutions is essential for building a modern digital education system, increasing
decision-making efficiency and ensuring transparency. This paper analyses the development of
state information systems in Azerbaijan’s education sector, particularly the implementation of
platforms such as the Higher Education Information System (ATIS) and the Centralized Education
Information System (TMIS). It assesses the legal and institutional framework supporting
integration, examines infrastructure, technological and human resource challenges, and evaluates
information security risks. The findings indicate that despite various digital strategies and projects,
significant issues remain in system interoperability and data security. Consequently, the paper
proposes recommendations for establishing unified identification and authentication mechanisms,
achieving interoperability, strengthening workforce training and enhancing cybersecurity
measures.
Keywords: information systems, integration, educational policy, cybersecurity, ATIS, TMIS,
e-government

GIRIS

Mévzunun aktualligl ve magsadi: informasiya comiyyatinin formalasmasi tahsil sisteminin
yenidan qurulmasini zaruri edan asas proseslardan biridir. Azarbaycan Respublikasinda tahsil
sisteminin informasiyalasdirilmasi Gzre doévlst programinda bildirilir ki, bilik igtisadiyyatinin
formalasdigl dévrda informasiya-kommunikasiya texnologiyalari (iKT) 6lkanin intellektual va elmi
potensialinin asas gostaricilarindandir. Programin magsadi Umumtahsil maktablarinin va ali
maktablarin IKT infrastrukturunu giiclondirmakla tshsilin idara edilmasinin va monitoringinin
effektivliyini artirmaqdir. Eyni sanadds geyd olunur ki, Azarbaycanda 2005-2007-ci illarda
Umumtahsil maktablarinin KT ils taminati programi hayata kecirilmis ve naticada maktablarin 82
faizi komputer avadanligi ila tamin olunmusdur.

Ragemsal transformasiya arafasinde dovlet informasiya sistemlarinin  tahsil
muassisalarinda inteqgrasiyasi iki magami 6n plana ¢ixarir: (1) malumatlarin real vaxt rejiminda
toplanmasli, emali va gararlarin gabulu Ggln vahid infrastruktur qurmag; (2) tadris prosesini
regamsallasdirarag misallim va talabalara yeni tadris resurslarina ¢ixis imkanini arirmag. Moévcud
vaziyyat gostarir ki, tahsil sektorunda muxtalif informasiya sistemlari faaliyyat gdstarsa da, onlarin
bir-biri ila tam integrasiyasi temin edilmadiyinden ham idarsetmads, ham da xidmat
gostarilmasinda informasiya bosluglari yaranir. Bu magalanin maqsadi Azarbaycanda dovlat
informasiya sistemlarinin tahsil miassisalarinda integrasiyasinin mahiyyatini izah etmak, movcud
problemlari giymatlandirmak va hall yollarini taklif etmakdir.

Dovlat informasiya sistemlarinin tahsilda rolu: Dovlst informasiya sistemlari — Elektron
Hokumat informasiya Sistemi (EHIS), Ali Tahsil informasiya Sistemi (ATIS), Umumi Tahsil informasiya
Sistemi (UTIS), Tehsil Markazlesdirilmis informasiya Sistemi (TMIS) va portal.edu.az kimi
platformalar — tahsil miassisalarine dair malumatlarin toplanmasi, saxlanilmasi va istifadacilara
catdiriimasi Ggiln yaradilmisdir. Azarbaycan Prezidentinin 2004-cU il 21 avqust sarancami ila tasdig
edilan tmumtahsil maktablarinin iKT ils taminati programi ve onun ardinca 2008—2012-ci illar tizra
tahsil  sisteminin  informasiyalasdiriimasi  programi  vahid elektron tahsil makaninin
formalasdirilmasini magsad goymusdur.

Ali Tohsil informasiya Sistemi (ATIS) universitetlards talaba va miallim malumatlarinin
vahid platformada idara olunmasini nazarda tutur. Neuron Technologies sirkatinin rehbari ismayil
dlakbarovun sozlarina gbra, ATIS yiiz minlarla talsbanin va musallimlarin malumatlarini real vaxt
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rejiminds emal eda bilan mirakkab platformadir va bir nega universitet pilot olarag bu sistema
gosuldugdan sonra ahata dairasinin genislandirilmasi planlasdirilir. Har bir tahsil muassisasina
ayrica interfeys va giris malumatlari verilir, magsad butin tahsil malumatlarinin kagiz deyil,
elektron formada aparilimasidir.

2023-cl ilds Elm va Tahsil Nazirliyinin informasiya sistemlarina giris bulud asasli SIMA
ragamsal imzasi vasitasile taskil edildi. AzarTAc xabar agentliyinin malumatinda bildirilir ki, yeni
nasil reqgamsal imza vasitasile “Ali va orta ixtisas tahsili” altsistemlarina giris prosesi sadalasdirilmis
va sistema etibarli giris tamin edilmisdir.

Movzunun tadgiqat obyekti va predmeti: Tadgigatin obyekti Azarbaycan Respublikasinda
tahsil misssisalarine dair malumatlarin idara edilmasi Ggln istifads olunan doévlat informasiya
sistemlaridir. Predmet isa bu sistemlarin tahsil miassisalarinin daxili informasiya sistemlari ilo
integrasiyasl, integrasiyanin hiquqgi va texniki asaslari, garsiya ¢ixan problemlar (malumat
tahllikasizliyi, infrastruktura ve insan resurslarinin yetarsizliyi, sistemlararasi interoperabiliyin
olmamasl) va onlarin hall yollaridir.

9sas hissa

Dévlat informasiya sistemlarinin tahsil sektoruna inteqrasiyasi proseslari

Informasiya sistemlarinin integrasiyasi mixtalif platformalarda toplanan malumatlarin
vahid sistemda birlasdirilmasi va qarsiligh istifadasina yonalib. Beynalxalg elmi adabiyyatda
integrasiya ila interoperabiliya arasindaki fargq qgeyd edilir: integrasiyanin magsadi mixtalif
sistemlardan malumatlarin toplanmasi ve markazi sistema teqdim edilmasi oldugu halda,
interoperabiliya sistemlarin bir-biri ila fasilasiz Gnsiyyati va funksionalligin paylasiimasini tamin edir.
Jakimoski qgeyd edir ki, tohsil sektorunda sistemlarin interoperabiliyine nail olunmamasi
departamentlar va tahsil misassisalari arasinda malumat mibadilasini ¢atinlasdirir; buna gora da
maktab interoperabiliyi ¢arcivasi (SIF) va elektron idarsetma malumat sistemi kimi standartlar
tatbiq edilir [4].

Azarbaycan tahsil sisteminda inteqgrasiya tasabbuslari

Azarbaycanin tahsil siyasatinda ilk genismiqgyasli inteqrasiya addimi  Umumtahsil
maktablarinin IKT ils tamin edilmasi programi ila atildi. 2005-2007-ci illards 4562 (imumtahsil
maktabinin 82 faizi komputerla tamin olundu; 2007-ci ilin sonuna har 29 sagirda bir komputer
dusirdi [2]. Sonraki marhalada Tahsil Nazirliyi “Xalg Kompdteri” layihasini hayata kecirdi. Bu layiha
cargivasinda muallimlara, ali maktab musallim va talebalarine gilzastli sartlarle kompulter va
lisenziyall program teminati verildi ki, bu da tahsil sisteminin yeni elektron bazaya kecidini
dastaklamak maqsadi dasiyirdi [6, s.22].

2010-cu il Azarbaycanda “Tohsil sahasi tzrs IKT ili” elan edildi. Bu il arzinds konfranslar,
seminarlar va muxtalif stimullasdirici tadbirlar taskil olundu, maktablar elektron I6vhalarle tamin
edildi va mdusllimlarin IKT bacariglarinin artirilmasi prioritet secildi. IKT vasitslarinin tadris
prosesina daxil edilmasi dars modelini dayisarak “muisllim—talabs—darslik” strukturuna komputer
komponentini alave etdi va fardi tadris programlarinin tartibina imkan yaratdi.

Bu ilkin marhalalardan sonra tahsil sektorunda daha iri sistemlarin yaradilmasi basladi. ATIS
universitet saviyyasinda idarsetma malumatlarini markazlasdirmak lgln yaradildi ve hazirda
dlkanin universitetlari tadrican bu platformaya integrasiya olunur. Umumi tahsil miiassisalari Gictin
UTIS, pesa tahsili Giclin iss miivafiq alt sistemlar faaliyyat gdstarir [1]. 2026-c1 ilda Nazirlar Kabineti
tahsil hagginda dovlst sanadlarinin tam elektron formatda verilmasini tasdigladi. Qarara asasan,
diplomlar va sertifikatlar TMIS (izarindan elektron ssnad kimi formalasdirilacaq, senadlara strix-
kod alava edilacak vo malumatlar EHIS vasitasila tahliikesiz sakilde tagqdim olunacaqg. Bu addim
tahsil sanadlarinin stratls va saffaf sakilda verilmasini tamin etmakla yanasi, mixtalif informasiya
sistemlari arasinda integrasiya mexanizminin vacibliyini gdstarir [9].
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Tohsil misassisalarinda informasiya sistemlarinin tatbiq tacribasi

Muasir tahsil mlassisalari yalniz karglzarliq sistemlari deyil, tadris prosesini idara edan va
tahsil resurslarinin paylasiimasini tamin edan informasiya sistemlarindan da istifads edirlar. Misal
Ggln, portal.edu.az vasitasila abituriyentlarin elektron sanad gabulu va digar xidmatlar gostarilir.
Lakin Osman GUndizUn xabar portallarina istinadan bildirdiyi kimi, magistratura saviyyasina sanad
gabulu zamani namizadlar ham portal.edu.az-da, ham da universitetin 6z sisteminda ayri-ayriligda
geydiyyatdan ke¢msali va sonda kagiz senadlari tagdim etmali olurlar [3]. Ekspertin fikrincs,
ragamsal transformasiyanin maqsadi proseslari sadalasdirmak olsa da, inteqrasiyanin olmamasi
naticesinda iki va ya (¢ marhalali geydiyyat mexanizmi formalasmisdir. Bu fakt tahsil
muassisalarinin informasiya sistemlarindan istifade tacrlbasinds vahid platformaya ehtiyacin
oldugunu gostarir.

Digar tacritbs misali TMiS-in tatbigidir. 2026-c1 ildan etibarsn tshsil hagginda bitin
sanadlar TMIS Gzarindan elektron formada yaradilaraq EHiS-daki soxsi kabinetlara géndarilacak;
mazunlar istanilan vaxt sanadlarina c¢ixis alds eds bilacaklar [9]. Bu, diplom va attestatlarin
dogrulugunun operativ yoxlanilmasina va kagiz dévriyyasinin lagvina sarait yaradir.

Informasiya tahliikasizliyi ila badh garsiya ¢ixan problemlar

Tohsil miassisalarinin elektron sistemlarinin genislanmasi kibertahltkasizliyin shamiyyatini
artirir. AMEA informasiya Texnologiyalari institutunda kecirilan seminarda bildirildiyi kimi, elektron
tahsil platformalarina yonalik tahlikalara saytlararasi skript (XSS), virus va trojanlar vasitasila
uzaqgdan inyeksiya, URL Unvanina SQL injeksiyasi va veb-sayt sessiya identifikasiyasinin taxmin
edilmasindan istifade edarak parollarin sindiriimasi daxildir. Arasdirici Rana Malikova vurgulamisdir
ki, tahsil malumatlarinin mihafizasi Gcln taskilati tadbirlar, program taminatinin gorunmasi va
avadanlqg saviyyasinds midafis mexanizmlari zaruridir; giris subyektlarinin identifikasiyasi va
autentifikasiyasi, malumatlarin kriptografik va antivirus mihafizasi, rabits kanallarinin gorunmasi
bu tadbirlara daxildir [5].

informasiya texnologiyalarinin siratli inkisafi malumatlarin dasinmasini artirdigi Gciin
malumatlarin gizliliyinin gorunmasi ¢atinlasir va tahlikalara garsi effektiv kriptografik metodlara
ehtiyac yaranir [8].

informasiya sistemlarinin integrasiyasinda tahliikasizlik probleminin basga aspekti onlarin
hassashgidir. Malumat bazalari bir-biri ila alagalandirildikda, bir sistemdaki zaiflik digar sistemi da
risk altinda qoya bilar. Ekspertlar geyd edirlar ki, mixtalif dovlat qurumlarinda olan malumatlar
eyni saxsle baglidirsa, kagiz va ya elektron formada vestandasdan yenidan talab edilmasi
yolverilmazdir; bunun avazina integrasiya olunmus va tahllikasiz malumat mdibadilasi
mexanizmlari qurulmalidir [3].

Infrastruktur, texnologiya va insan resurslari ila badl ¢atinliklar

informasiya sistemlarinin effektiv islomasi Uclin mivafiq texniki baza, dayaniglh
telekommunikasiya infrastrukturu  ve  pesakar kadrlar lazimdir.  Tahsil  sisteminin
informasiyalasdirilmasi dévlet programinda 2012-ci iladak 6lkanin ali maktablarinin hamisinin,
texniki-pesa miassisalarinin isa 42 faizinin kompdterla tamin olundugu gostarilsa da, bdlgalarda
internet baglantisinin keyfiyyati va avadanligin yenilanma daracasi geyri-barabardir [2].

Insan resurslari masalasina galincs, misllim ve inzibati heyatin IKT bacariglari hala da
kifayat gadar deyil. 2010-cu ilds Tahsil Nazirliyi tarafindan “Tshsil sahasi tGizra IKT ili” elan edildikda
muallimlarin talimlandirilmasi prioritet secilmis va minlarle muallim hazirhg kurslarina calb
olunmusdur. Lakin ragamsal sistemlarin daim yenilanmasi sababindan davamli talim programlari
va yeni mitaxassislerin calb olunmasina ehtiyac qgalir. informasiya tahlikasizliyinin muasir
problemlari Uzra tadgigatda geyd olundugu kimi, kibertahlikasizlik muUtexassislarine talabat
artmaqgda, amma is¢ci bazarinda bu kadrlar catismir va tahsil muassisalarinin muhafizasini
cotinlasdirir.
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Tohsil miassisalarinda tahliikasizlik tadbirlarinin takmillasdirilmasi istigamatlari

Moveud problemlarin halli Ggln bir nega istigamat taklif olunur. Birincisi, vahid
identifikasiya ve autentifikasiya mexanizmlarinin qurulmasi vacibdir. SIMA ragamsal imzasinin ATIS
va TMIS kimi sistemlars inteqrasiyasi istifadacilarin identifikasiyasini sadalasdirir va tahlikasizliyi
artirir. Bu mexanizm digar tahsil alt sistemlarina da tatbig olunmali ve bitln tahsil miassisalari
Gcln vahid giris mhiti yaradilmalidir [7].

ikincisi, interoperabiliys nail olunmasi Giclin sistemlarin aciq standartlar ssasinda qurulmasi
va malumat mibadilasinin vahid protokollarla hayata kecirilmasi zaruridir. Jakimoskinin
tadgigatinda geyd olundugu kimi, xidmat-yonimli memarliq (SOA) ve XML standartlari Gzarinda
gurulan School Interoperability Framework muxtalif tahsil sistemlari arasinda malumat paylasimini
tomin edir. Azarbaycanin tahsil informasiya sistemlari da bu tip strukturlar asasinda inkisaf
etdirilarak EHIS ils tam inteqrasiya olunmalidir [4].

Uctinciist, kibertahliikasizliyin giiclandirilmasi magsadila tahliiks analizi va risk idarsetma
prosedurlarinin tatbigi vacibdir. Rana Malikovanin arasdirmasinda vurgulanan XSS, SQL inyeksiya
va sessiya identifikasiyasl kimi hicum novlarina garsi program taminati saviyyasinda filtrasiya,
sifrlema, iki faktorlu autentifikasiya ve istifadaci sessiyalarinin tahlikasiz idara edilmasi kimi
tadbirler gorulmalidir. Eyni zamanda, tahsil mulassisalarinda kibertahllkssizlik Gzra mitamadi
auditler apariimal, misallim va talabalar l¢clin maariflandirici talimlar taskil edilmalidir [5].

Nahayat, infrastrukturun yenilanmasi va kadr hazirhgl sahasinda dovlst va 6zal sektorun
istirakr ila investisiya programlari hayata kecirilmalidir. Bolgalarda geniszolagli internet sabakasinin
inkisafi, tahsil miassisalarinin server va bulud resurslarina ¢ixisinin tamin olunmasi, ragamsal
resurslarin yaratdigl hiqugi ve etik masalalars dair tadgigatlarin apariimasi da vacibdir [5].

Natica

Todgigat gostarir ki, Azarbaycan tahsil sisteminds dovlst informasiya sistemlarinin
integrasiyasi prosesi davamli olaraq inkisaf etsa da, hala da hall olunmamis problemlar mévcuddur.
2005-ci ildan baslayarag IKT ils teminat programlari va “Xalg Komputeri” layihasi tshsil
muassisalarinin texniki bazasini xeyli yaxsilasdirmis, ATIS va TMIS kimi platformalarin tatbigi isa
malumatlarin markazlasdirilmasini tamin etmisdir. 2026-c1 il garari ile diplom va sertifikatlarin
elektron formada verilmasi ragamsal idaraetmanin yeni marhalasini baslatmisdir. Lakin inteqgrasiya
va interoperabiliyin tam tamin olunmamasi naticasinda paralel geydiyyat proseslari, malumat
takrari va istifadacilar Ugln alava blrokratiya yaranir.

Praktiki tovsiyalara galdikda, tahsil sektorunda vahid identifikasiya ve autentifikasiya
mexanizmlarinin tatbigi, malumat mibadilasi Uc¢ln acig standartlarin secilmasi va tahlikasizlik
auditlerinin hayata kecirilmasi vacibdir. Tohsil mUassisalarinda kibertahlikasizlik madaniyyatinin
formalasdirilmasi magsadile muallim va talabaler Gcgln talimlar taskil olunmali, informasiya
sistemlari Uzra kadrlarin hazirhgina investisiya qoyulmalidir. infrastrukturun yenilanmasi,
geniszolagh internets cixisin tamin edilmasi ve informasiya sistemlarinin EHIS-lIs integrasiyasinin
tamamlanmasi da asas prioritetlardandir.

Goalacak tadgigatlar tahsil informasiya sistemlarinda sini intellekt ve boyik malumat
analitikasinin tatbiqi, bulud texnologiyalarinin effektivliyi, tahsil ssnadlarinin transsarhad taninmasi
Ucln blokgeyn hallari va malumatlarin maxfiliyinin gorunmasi kimi mévzulara yénaldila bilar. Bu
istigamatlar ham nazari, ham da tatbigi baximdan vacibdir va tahsil miassisalarinds regamsal
transformasiyanin darinlasdirilmasina tohfs veracakdir.
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TOHLILIN VO ANALIZIN INFORMASIYA
SISTEMLSRININ INTEQRASIYASINDA
TIOSIRININ QIYMSTLSNDIRILM3SI

Sixbalayev Uveys Karam
Odlar Yurdu Universiteti

XULASD

Muasir ragamsal igtisadiyyat seraitinda informasiya sistemlarinin inteqgrasiyasi muassisalarin
reqabat qabiliyystinin artirilmasi, biznes proseslarinin  optimallasdiriimasi ve idarsetma
gararlarinin effektivliyinin yiksaldilmasi baximindan xisusi shamiyyat kasb edir. Tadgigatin
aktualligr mixtalif informasiya sistemlarinin vahid mihitds inteqgrasiyasi zamani tahlil va analiz
proseslarinin halledici rol oynamasi ile alagadardir. Bu baximdan magalenin magsadi tahlil va
analizin informasiya sistemlarinin inteqrasiyasina tasirini arasdirmag, onlarin inteqgrasiya
layihalarinin ugurlu icrasina va samaraliliyina tasirini giymatlandirmakdir. Todgigat zamani sistemli
yanasma, migayisali tahlil va elmi adabiyyatin arasdiriimasi metodlarindan istifada edilmisdir.
Arasdirmanin naticalari gdstarir ki, keyfiyyatli tahlil va analiz inteqgrasiya prosesinds malumat
axinlarinin dizglin miayyanlasdiriimasina, texniki va taskilati risklarin azaldilmasina, resurslardan
samarali istifadaya va inteqgrasiya xarclarinin optimallasdiriimasina sarait yaradir. Elaca da diizgln
aparilmis analiz muassisanin talablarina uygun inteqrasiya modelinin secgilmasina va informasiya
sistemlarinin garsihgl faaliyyatinin tamin edilmasina imkan verir.

Natica etibarila miUayyan edilmisdir ki, tahlil va analiz informasiya sistemlarinin integrasiyasinin
asas ugur amillarindan biri olmagla regamsal transformasiya proseslarinin effektiv hayata
kecirilmasina, muassisalarin idarsetma qabiliyyatinin glclandiriimasina va Umumi faaliyyat
samaraliliyinin artirilmasina mihim tohfs verir.

Acar sé6zlar: informasiya sistemi, sistem inteqrasiyasi, informasiya tahlili, biznes analizi, ragamsal
transformasiya

ASSESSMENT OF THE IMPACT OF ANALYSIS AND EVALUATION ON INFORMATION SYSTEMS
INTEGRATION

Uveys Karim Shikhbalayev
Odlar Yurdu University

SUMMARY

In the context of the modern digital economy, the integration of information systems plays a
significant role in enhancing the competitiveness of enterprises, optimizing business processes,
and improving the effectiveness of managerial decision-making. The relevance of this study is
associated with the crucial role of analysis and evaluation processes in the integration of various
information systems within a unified environment. Accordingly, the aim of the article is to
investigate the impact of analysis and evaluation on information systems integration and to assess
their influence on the successful implementation and efficiency of integration projects.

The research employs a systematic approach, comparative analysis, and a review of scientific
literature as its primary research methods. The findings indicate that high-quality analysis and
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evaluation contribute to the accurate identification of information flows during the integration
process, reduction of technical and organizational risks, efficient utilization of resources, and
optimization of integration costs. Furthermore, properly conducted analysis enables the selection
of an integration model that meets organizational requirements and ensures interoperability
among information systems.

The study concludes that analysis and evaluation are among the key success factors of information
systems integration. They significantly contribute to the effective implementation of digital
transformation processes, the strengthening of organizational management capabilities, and the
overall improvement of operational efficiency.

Keywords: information systems, systems integration, information analysis, business analysis, digital
transformation

Girig

informasiya texnologiyalarinin siiratli inkisafi muassisalarin  faaliyystinin taskilinda yeni
yanasmalarin formalasmasina sabab olmusdur. Miasir taskilatlar 6z faaliyyatlarini hayata kecirmak
Ggcln ERP, CRM, SCM, HRM va digar informasiya sistemlarindan genis istifada edirlar. Bu sistemlar
mixtalif funksiyalari yerina yetirsa da, onlarin ayri-ayriligda faaliyyat gdstarmasi malumatlarin
takrarlanmasina, idarsetma proseslarinds gecikmalars va resurslardan geyri-ssmarali istifadayas
sabab ola bilar.

Bu problemlarin halli Gglin informasiya sistemlarinin integrasiyasi mihim shamiyyast kasb edir.
Sistem integrasiyasi muxtalif informasiya sistemlarinin  vahid informasiya mihitinds
alagalandirilmasi va onlarin qarsiligh faaliyysatinin tamin olunmasi prosesidir. integrasiyanin
effektiv hayata kecirilmasi UGcln movcud sistemlarin  funksional imkanlarinin, malumat
strukturlarinin va biznes proseslarinin atrafli tahlili talab olunur.

Tahlil va analiz inteqrasiya layihalarinin planlasdiriimasi ve hayata kecirilmasinin asasini taskil edir.
Bu marhalalarda moévcud vaziyyat giymatlandirilir, problemlar miayyan edilir va inteqrasiya dgin
optimal hallar hazirlanir. Buna géra da tahlilin va analizin informasiya sistemlarinin inteqrasiyasinda
rolunun oyranilmasi aktual elmi va praktiki shamiyyat dasiyir.

informasiya sistemlarinin inteqrasiyasinin nazari asaslari

informasiya sistemlarinin inteqrasiyasi misssisade mévcud olan mixtalif program va texnoloji
platformalarin garsiligh alagasini tamin edan prosesdir. Bu proses naticasinda muxtalif sistemlar
arasinda malumat mibadilasi avtomatlasdirilir ve vahid informasiya makani formalasdirilir.
integrasiya asasan asagidaki saviyyslar tizra tasnif edilir:

e Verilanlar saviyyasinda inteqgrasiya;

e Totbiglar saviyyasinds inteqgrasiya;

e Biznes proseslari saviyyasinds inteqgrasiya;

e Xidmatyonumla arxitektura (SOA) asasinda inteqgrasiya;

e Mikroservis asasli integrasiya.

Musssisalarda integrasiya olunmus informasiya sistemlari malumatlarin operativ emalina,
idarsetma proseslarinin  saffafligina va gararlarin gabul edilmasinda etibarli informasiya
taminatina sarait yaradir.

Tahlil va analizin mahiyyati

Tahlil mévcud informasiya sistemlarinin, biznes proseslarinin va malumat axinlarinin dyranilmasi
prosesidir. Analiz isa alda edilmis malumatlarin sistemlasdiriimasi, giymatlandirilmasi va gararlarin
hazirlanmasina yonalmis faaliyyatdir.

integrasiya layihalarinda tahlil va analiz asagidaki istigamatlari shata edir:
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e Biznes proseslarinin tahlili miassisada hayata kegirilan amsaliyyatlarin ardicilligini va garsiligli
alagalarini mlayyan etmaya imkan verir. Bu zaman malumatlarin yaranmasi, emali va 6tirilmasi
marhalalari arasdirilir.

e Moalumat axinlarinin tahlili sistemlar arasinda o6tlrilan informasiyanin - manbalarini,
istigamatlarini va strukturunu muayyan edir. Bu marhals inteqgrasiya zamani yaranan malumat
uygunsuzluglarinin garsisinin alinmasina komak edir.

e Texniki analiz istifade olunan program platformalarinin, verilonlar bazalarinin  va
kommunikasiya protokollarinin uygunlugunu giymatlandirmaysa imkan verir. Burada API-lar,
malumat mibadilasi standartlari va integrasiya mexanizmlari arasdirilir.

e Risk analizi integrasiya zamaniyarana bilacak texniki, iqtisadi va taskilati problemlarin miayyan
edilmasina xidmat edir. Risklarin vaxtinda askarlanmasi layihanin ugur ehtimalini artirir.

Tahlilin informasiya sistemlarinin inteqrasiyasina tasiri

Tahlil va analiz integrasiya prosesinin bdtin marhalalarina tasir gostarir. Aparilmis arasdirmalar
gostarir ki, integrasiya layihalarinin ugursuzlugunun asas sabablarindan biri ilkin tahlilin geyri-kafi
aparilmasidir. Tahlilin asas tasirlari asagidakilardir:

e Tohlil naticasinda malumatlarin takrarlanmasi, natamamligl va uygunsuzlugu muayyan edilir.
Bu problemlarin aradan galdirilmasi inteqgrasiya olunmus sistemda daha etibarli malumat bazasinin
formalasmasina imkan verir.

e Otrafli tahlil miassisada movcud texniki va insan resurslarinin optimal istifadasini tamin edir.
Bu isa inteqgrasiya layihasinin dayarinin azalmasina sabab olur.

e Toahlil marhalasinda potensial risklarin miayyan olunmasi onlarin idara edilmasini asanlasdirir
va layihanin ugurla tamamlanma ehtimalini artirir.

e integrasiya naticasinds vahid informasiya makaninin formalasmasi rahbarliys operativ va
asaslandiriimis gararlar gabul etmaya imkan verir.

informasiya sistemlarinin inteqgrasiyasinda muasir texnologiyalarin rolu

Son illarda ragamsal transformasiya proseslari integrasiya texnologiyalarinin inkisafina takan
vermisdir. MUasir miassisalar asagidaki texnologiyalardan istifads etmakls inteqrasiya proseslarini
hayata kecirirlar:

e Bulud texnologiyalari (Cloud Computing);

e BoOyUk verilanlar texnologiyalari (Big Data);

e Slniintellekt sistemlari (Artificial Intelligence);

e Mikroservis arxitekturasi;

e REST va GraphQL API texnologiyalari;

e Xidmatyonimli arxitektura (SOA).

XUsusila stini intellekt texnologiyalarinin tatbigi malumatlarin avtomatik tahlilins, anomaliyalarin
askarlanmasina va prognozlasdirici analitikanin hayata kecirilmasina imkan verir.

Toahlilin effektivliyinin giymatlondirilmasi metodlari

Muasir muassisalarda hayata kecirilan tahlil proseslarinin keyfiyyatinin miayyan edilmasi gabul
edilan gararlarin dizglnlUylund, resurslardan istifadanin samaraliliyini va layihalarin ugur
saviyyasini giymatlandirmaya imkan verir. Bu magsadla muxtalif giymatlandirma metodlarindan
istifade olunur. ©@n genis yayllmis yanasmalardan biri asas performans gostaricilarinin (KPI)
tatbigidir. Bu metod vasitasila tahlilin naticalari avvalcadan miayyan edilmis gbstaricilar asasinda
olcllir va giymatlandirilir. Masalan, talablarin dizgiin misyyanlasdiriimasi saviyyasi, askarlanan
problemlarin sayi, layihanin icra middati va istifadaci mamnunlugu kimi gostaricilar tahlilin
effektivliyinin miayyan edilmasinda istifads olunur.
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Tahlilin samaraliliyinin giymatlandirilmasinda xarc-fayda tahlili doe mihim yer tutur. Bu yanasma
tahlil prosesina sarf olunan maliyya va vaxt resurslarinin alds edilan naticalarle mugayisasina
asaslanir. 9gar tahlil naticasinda layiha risklari azalir, inteqrasiya xarclari optimallasdirilir va biznes
proseslarinin mahsuldarhgl artirsa, hamin tahlil effektiv hesab olunur. Bununla yanasi, SWOT analizi
vasitasila tahlilin glicli va zaif taraflari, eloace de mdvcud imkanlar va potensial tahllkalar miayysan
edilir.

Mugqayisali tahlil metodunda taskilatin tahlil naticalari sanaye standartlari, ragib muassisalarin
gostaricilari va ya avvalki dovrlarin naticalari ile migayisa edilir. Bela miqayisalar tahlilin keyfiyyat
saviyyasini miayyan etmaya va takmillasdirma istigamatlarini askar etmays imkan verir. Elaca da
ekspert giymatlondirmasi metodu vasitasile mutaxassislarin ray ve tacribalarindan istifads
olunarag aparilmis tahlilin dagigliyi, malumatlarin  tamhgl va teqdim edilan hallarin
maqsadauygunlugu giymatlandirilir.

Balanslasdiriimis gostaricilar sisteminda maliyya naticalari, mustari mamnunlugu, daxili biznes
proseslari va innovasiya potensiali kimi muxtalif istigamatler Uzra tahlilin naticalarini
giymatlandirmaya imkan verir. Bundan alava, risk analizi metodlari vasitasila tahlilin taskilat Ggln
yarada bilacayi va ya garsisini ala bilacayi risklar miayyan edilir. Risklarin azalmasi va geyri-
muayyanliyin minimuma endirilmasi tahlilin ugurlu aparildigini gdstaran mihim gostaricilardan
hesab olunur.

Natica

Aparilmis tadgigat gostarir ki, tahlil va analiz informasiya sistemlarinin integrasiyasinda strateji
shamiyyata malikdir. Dlzgin aparilmis tahlil biznes proseslarinin optimallasdiriimasina, malumat
keyfiyyatinin yiksaldilmasina va inteqgrasiya risklarinin azaldilmasina imkan verir. Analiz naticasinda
alda olunan malumatlar integrasiya layihalarinin daha samarali planlasdirilmasini va idara
olunmasini tamin edir.

Ragamsal transformasiya saraitinda muassisalarin  ragabat gabiliyyatinin artirilmasi Ggdn
informasiya sistemlarinin inteqrasiyasinda muasir tahlil va analiz metodlarinin tatbigi vacib sart
hesab olunur. Galacak tadgigatlarda sUni intellekt asash analitik sistemlarin integrasiya
layihalarinin effektivliyina tasirinin daha darindan arasdiriimasi magsadauygun hesab edilir.
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Abstract

This study aimed to compare the content of bioactive compounds and elemental
composition in control yogurt and yogurt enriched with sweet clover (Melilotus officinalis) extract.
The enriched yogurt showed a higher total polyphenol content (1.34 + 0.05% vs. 1.28 + 0.05%)
and slightly lower flavonoid content (0.53 + 0.02% vs. 0.59 + 0.03%) compared with the control
sample. Both samples contained detectable levels of B-group vitamins and vitamin C, with minor
differences between the formulations. The yogurt with sweet clover extract was characterized by
slightly increased concentrations of calcium Ca, potassium K, magnesium Mg and phosphorus P,
while levels of zinc Zn and iron Fe remained within a comparable range to the control. In all
samples, toxic elements (lead Pb, cadmium Cd, arsenic As, mercury Hg) and cesium-137 were not
detected, and activity of potassium-40 remained within regulatory limits. The results indicate that
enrichment of yogurt with sweet clover extract improves its profile of bioactive compounds and
minerals without compromising safety indicators, supporting its potential as a functional dairy
product.

Keywords—bioactive compounds, functional yogurt, mineral composition, sweet clover.

INTRODUCTION

In recent years, particular attention has been paid to the use of plant-derived bioactive
compounds in the development of functional food products. Polyphenols and flavonoids occurring
in plant raw materials exhibit high antioxidant activity, help to reduce oxidative stressin the human
body and may contribute to the prevention of chronic diseases. Among medicinal plants, Melilotus
officinalis (sweet clover) occupies an important place due to its content of coumarins, phenolic
compounds, flavonoids and mineral elements, which together determine its high biological
activity. The antioxidant and pharmacological properties of sweet clover extracts have been
confirmed in a number of experimental studies, including investigations of anti-inflammatory,
cardioprotective and wound-healing effects [1,2,3].

Polyphenols and flavonoids strengthen cellular defence mechanisms and reduce the
damaging action of free radicals, which explains the growing interest in their incorporation into
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functional food matrices. At the same time, the process of obtaining extracts from plant material
substantially affects the composition and yield of these bioactive substances, since extraction
conditions such as solvent type, temperature and duration can change their concentration and
stability. Therefore, the technological step of extraction plays a decisive role in shaping the final
guality of plant-based ingredients intended for food enrichment [2,4].

Currently, the enrichment of dairy products with plant extracts is considered one of the
most promising directions in functional food production. Fermented milk products such as yogurt
provide a favourable matrix that can improve the stability and bioavailability of bioactive
compounds, while maintaining the inherent nutritional advantages of milk, including high-quality
protein and calcium. Previous studies have shown that the addition of various plant extracts to
yogurt can enhance its antioxidant activity, modify its physicochemical properties and increase
consumer appeal. Moreover, the use of local plant raw materials from regions such as Northern
Kazakhstan is of practical importance, as these plants are rich in biologically active substances and
can serve as a basis for developing new value-added functional products [5,6].

In this context, sweet clover appears to be a promising source of bioactive compounds and
mineral elements for the fortification of fermented dairy products. However, there is still limited
information on how the incorporation of sweet clover extract into yogurt affects the content of
polyphenols, flavonoids and mineral elements, as well as the safety indicators related to toxic
elements, in comparison with both the original plant material and the extract itself. Addressing
this gap is important for substantiating the use of sweet clover extract as a functional ingredient
and for optimising the formulation of enriched yogurts with improved nutritional and
health-related properties.

Therefore, the present study focuses on a comparative assessment of bioactive
compounds (polyphenols and flavonoids), essential mineral elements and toxic elements in sweet
clover raw material, sweet clover extract and yogurt enriched with this extract, with the aim of
evaluating their potential for the development of safe and nutritionally enhanced functional dairy
products.

Il. MATERIAL AND METHODS

A. Sample preparation

Cow’s milk was used as the main raw material for yogurt production. The starter
culture MicroMilk Yo (Italy) was used for fermentation. Milk was inoculated with the starter
culture and incubated at 37°C for 7-8 h until coagulation was completed. After fermentation,
sweet clover (Melilotus officinalis) extract was added to the experimental yogurt sample at 0.3%
of the total mass, while the control yogurt was produced without extract addition The study
included two yogurt samples: control yogurt and yogurt enriched with sweet clover extract (Figure

1).
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Fig. 1 Samples of yogurts

B. Total phenolic compounds (TPC)
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The amount of phenolic compounds was performed by using the Folin-Chocalteu
colorimetric method. Briefly, 10 g of the sample yogurt was centrifuged at 5000 rpm for 15 min.
Then to 0.1 mL of the supernatant 2 mL of sodium carbonate solution and 0.1 mL of Folin-
Chocalteu reagent were added. After 2h of incubation period the absorbance of the samples was
measured at 750 nm using spectrophotometer UV-1900i (Shimadzu, Japan). The TPC was
measured by calibration curve and expressed as mg of Gallic acid equivalents per kg of yogurt (mg
GAE/kg) [7].

C. Antioxidant activity (ABTS)

The antioxidant activity of yogurt samples was determined using the ABTS radical cation
(ABTS- *) scavenging assay according to the method described by Huang et al. (2025) with minor
modifications. Briefly, ABTS- * working solution was prepared by reacting 7.0 mM ABTS with 2.45
mM potassium persulfate in the dark at room temperature for 12—16 h and then diluting the
mixture with ethanol (or phosphate buffer) to obtain an absorbance of 0.70 + 0.02 at 734 nm. An
aliquot of yogurt extract was mixed with the ABTS- * solution, incubated for 6 min at room
temperature, and the decrease in absorbance at 734 nm was measured using a
spectrophotometer. The ABTS scavenging capacity was expressed as Trolox equivalent antioxidant
capacity (TEAC, umol Trolox equivalents per g of sample) based on a calibration curve constructed
with Trolox standard solutions [8].

D.Elemental composition

Mineral elements, including Ca, K, Mg, P, Fe, Zn, and Se, were determined by atomic
absorption spectrometry according to I1SO 6869:2000 “Animal feeding stuffs — Determination of
the contents of calcium, copper, iron, magnesium, manganese, potassium, sodium and zinc —
Method using atomic absorption spectrometry” [9]. Toxic elements were determined using
nationally standardized methods for food raw materials and products: Pb and Cd were measured
by atomic absorption spectrometry following GOST 30178-96 [10], As was determined by a
colorimetric method according to GOST 26930-86 [11], and Hg was quantified according to GOST
26927-86 [12]. These validated procedures are widely applied in routine food safety control to
verify compliance with regulatory limits for toxic elements in foods.

E. Data handling

All measurements were performed in triplicate.

Results were expressed as mean * standard deviation; differences between control and
fortified yogurt were evaluated based on graphical comparison and significance markers (e.g.,
asterisks) derived from the underlying statistical testing plan adopted by the laboratory.

[Il. RESULTS

Bioactive compounds of the samples

Bioactive compounds in the yogurt samples were evaluated based on total phenolic
content (TPC, mg GAE/kg) and antioxidant capacity measured by the ABTS assay (umol TEAC/g).
The enrichment of yogurt with sweet clover extract led to a moderate increase in TPC: from 1280
mg GAE/kg in the control yogurt to 1340 mg GAE/kg in the yogurt containing 0.3% extract (Figure
TPC). This difference, highlighted by the significance marker on the graph, indicates that the
addition of the plant extract effectively enhances the pool of phenolic compounds in the
fermented milk matrix. At the same time, the error bars for both samples remain relatively narrow,
suggesting good repeatability of the measurements and a robust effect rather than random
variation. (Figure 2).

The ABTS radical cation scavenging assay showed a more pronounced difference between
the samples. The control yogurt exhibited an antioxidant capacity of 50.8 umol TEAC/g fresh
weight, whereas the yogurt enriched with sweet clover extract reached 71.7 umol TEAC/g (Figure
ABTS). Thus, the introduction of the extract resulted in an increase of about 41% in TEAC values,
which is consistent with the higher TPC and confirms the functional contribution of sweet clover
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phenolics to the overall radical-scavenging activity of the product. The graphical comparison
clearly demonstrates that the enriched yogurt has both higher phenolic content and stronger
antioxidant capacity than the control, supporting its classification as a functional dairy product
with improved bioactive properties (Figure 3).
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Fig.3 ABTS compounds in yogurt

B. Elemental composition of yogurt

Elemental composition in yogurt was assessed by determining the content of essential
mineral elements (Figure 4) and toxic elements in the control yogurt and the yogurt enriched with
sweet clover extract. According to the testing protocol, both samples contained appreciable
amounts of calcium (Ca), potassium (K), magnesium (Mg), phosphorus (P), iron (Fe) and zinc (Zn),
while selenium (Se) was not detected in either yogurt. In the control yogurt, Ca, K and P formed
the main part of the mineral fraction, reflecting the typical composition of fermented cow’s milk,
with lower levels of Mg, Fe and Zn. In the yogurt with sweet clover extract, Ca content remained
high and even slightly increased compared with the control, while K, Mg and P also showed
modestly higher values, indicating that the combination of milk matrix and plant extract provides
a more favourable mineral profile.

The distribution of trace elements demonstrated that Fe and Zn were present in both
samples at low but nutritionally relevant concentrations. The enriched yogurt showed a slight
increase in Zn compared with the control, which can be considered an additional benefit from the
standpoint of micronutrient supply, given the role of Zn in immune function and antioxidant
defence. At the same time, the absolute differences in Fe and Zn between the two yogurts were
not as pronounced as those observed for Ca and K, suggesting that the dairy base remains the
main source of these elements, while the contribution of the extract is secondary. Overall, the

139



Proceedings of the 13th International Scientific Conference

mineral composition data indicate that enrichment with sweet clover extract does not dilute the
intrinsic mineral value of yogurt and may slightly enhance the levels of some macro- and
microelements.

Yogurt with
|:] Control yogurt |:] sweet clover extract
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Fig. 4 Mineral elements in yogurt samples

Special attention was paid to the safety of the products in terms of toxic elements. Lead
(Pb), cadmium (Cd), arsenic (As) and mercury (Hg) were either not detected or were present at
levels far below the maximum permissible limits established for food products. In the control
yogurt, Pb and Cd were below the detection limit, and As and Hg were not detected, confirming
the safety of the raw materials and processing conditions. A similar pattern was observed in the
yogurt supplemented with sweet clover extract: Pb, Cd, As and Hg were not detected, which shows
that the introduction of the plant extract did not introduce additional contamination by toxic
elements. These findings are in line with the values recorded for the original plant material and
extract, where the measured concentrations of Pb and Cd were well below regulatory thresholds
and As and Hg were absent.

IV. DISSCUSION

A. Bioactive compounds of the samples

The observed increase in TPC (from 1280 to 1340 mg GAE/kg) and ABTS antioxidant
capacity (from 50.8 to 71.7 umol TEAC/g) after enrichment of yogurt with sweet clover extract is
consistent with results reported for other plant-fortified yogurts. For example, yogurts fortified
with pomegranate peel extract or wild berry preparations typically show higher TPC and
significantly enhanced ABTS or DPPH radical scavenging activity compared with control samples,
although the magnitude of the effect depends strongly on extract type and dosage. In this context,
the approximately 41% increase in ABTS value found in the present study places sweet clover—
enriched yogurt within the range of antioxidant enhancement reported for yogurts supplemented
with fruit peels, herbal extracts or polyphenol-rich plant matrices [13-15].

The disproportionate rise in ABTS activity relative to the moderate increase in TPC suggests
that qualitative aspects of the phenolic profile are also important. Sweet clover species are known
to contain coumarin, flavonoids and phenolic acids with pronounced antioxidant properties, and
recent reviews have highlighted Melilotus spp. as promising sources of bioactive compounds
[1,3,4].

Overall, the comparison with international studies supports the conclusion that sweet
clover extract is a competitive plant ingredient for the development of antioxidant-enriched
fermented dairy products.

B. Elemental composition of yogurt
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The elemental composition of both yogurt samples was characterized by a typical dairy
mineral profile with calcium and potassium as the predominant macroelements, followed by
phosphorus and magnesium, and lower levels of iron and zinc. This pattern agrees with published
data on conventional and functional yogurts, where Ca, K and P generally account for the main
part of the mineral fraction, while Fe and Zn are present as trace elements that nevertheless
contribute to the overall nutritional value. Fortification with sweet clover extract did not reduce
the intrinsic mineral value of the product; instead, the enriched yogurt showed slightly higher
concentrations of Ca, K, Mg and P compared with the control, indicating that the combination of
milk matrix and plant extract can provide a more favourable mineral profile. Similar modest
increases in selected minerals have been reported for yogurts fortified with plant-based
ingredients or herbal preparations, where the plant component contributed additional macro- and
microelements without diluting the native mineral content of milk [16-17].

From a safety perspective, the absence or extremely low levels of toxic elements (Pb, Cd,
As, Hg) in both samples confirm that neither the dairy raw material nor the sweet clover extract
introduces significant contamination risks. Measured concentrations were below detection limits
or far below regulatory thresholds, which is consistent with studies analysing the quality and safety
of yogurts and other fermented milk products, where compliance with heavy metal limits is a key
criterion for product acceptability.

Taken together, these findings support the conclusion that yogurt enriched with sweet
clover extract combines a slightly improved mineral profile with full compliance to safety
requirements regarding toxic elements, thereby maintaining both nutritional and hygienic quality
at a high level.

V. CONCLUSION

The results of this study demonstrated that the incorporation of sweet clover (Melilotus
officinalis) extract into yogurt improved its functional characteristics without compromising
product safety. The enriched yogurt showed a higher total phenolic content (1340 mg GAE/kg)
and stronger antioxidant activity measured by the ABTS assay (71.7 umol TEAC/g) compared with
the control sample, confirming the contribution of sweet clover extract to the bioactive profile of
the fermented dairy matrix. This trend is consistent with published studies showing that plant-
derived ingredients can effectively enhance the antioxidant potential of yogurt and increase its
value as a functional food.

In addition to antioxidant improvement, the yogurt enriched with sweet clover extract
maintained a favourable mineral composition, with slightly higher levels of calcium, potassium,
magnesium and phosphorus than the control sample. At the same time, toxic elements such as
Pb, Cd, As and Hg were not detected in the final product, indicating full compliance with safety
requirements and confirming that the addition of sweet clover extract did not introduce
contamination risks. Therefore, sweet clover extract can be considered a promising natural
ingredient for the development of functional yogurts with enhanced biological value, antioxidant
potential and satisfactory elemental safety profile.
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SAMAHAYM LMS-¥KYMENEPIHIH
AKTAPATTBIK KAYITICI3AITH
KAMTAMACDI3 ETYZIIH BA3A/BIK
ACMEKTI/EPI

bacuwebikbI3bl AMHapa

on-dGapabu atbiHAaFbl Ka3ak YATTbIK YHUBEpCUTETI, AaimaTbl K, KasakcTaH

Cbibaw 3apuHa

6B06301 — «AKnapaTTbIK Kayinciaaik xkyrenepi» bbb cTyaeHTi, 9n-Papabu aTbiHAAFbI
Ka3akK y/TTbIK YHMBepcKTeTi, AAMaTbl K, Ka3zaKcTaH

CynTaH HypxaH

6B06301 — «AKnapaTTbIK Kayinci3aik »kyrnenepi» bbb cTyaeHTi, 9n-Papabu aTbiHAAFbI
Ka3akK yATTbIK YHMBepcKTeTi, AaMaTbl K, Ka3zaKcTaH

AHpatna. OKbITy DOackapy xyrenepi (Learning Management Systems, LMS) 6inim 6epy
9KOXKYMeCiHAe MaHbI3bl PO/ aTKapadbl, OUTKEHI 01ap OKY MaTepunanaapbiHa Ko *KeTkisyai, binim
Hepy npoueciHe KaTbICyLblNap apacbiHAafbl 63apa 6aNNaHbICTbI )KaHE OKY AepeKTepiH bacKapyapbl
KamTamacbi3 eTeai. Ananaa Oyn KyrenepaiH KeHiHeH KonaaHblaybl KMbepKayinTep CaHblHbIH,
apTYbIMEH KaTap sKypesi, COHAbIKTaH aknapaTTblK Kayinci3aik macenenepi aca e3eKTi 60/bin oTbIp.

Makanaga LMS kyhenepiHgeri [OepekTepdi  KopfaydblH — Herisri  acnekrinepi
KapacTbipblnazbl, onapapiH, iwiHAe SQL-MHbEeKUMANap, KPOCC-CanTTbIK CKPUNTUHT (XSS), DDoS-
WabyblNaap *KoHe PYKCATCbI3 KO/ MKETKI3y CUAKTbI KayinTep Oap. KayincisaikTi KamTamacbi3 eTy
a4icTepi TangaHadbl, COHbIH iWiHAe AepeKTepai wWudpnay, KendaKTopabl ayTeEHTUPUKALMS,
Hafaapnamanblk KaMTamMachi3 eTyai YHEMI KaHapTy KaHe eHyre TecTiney (penetration testing).

MnaTdopmanapapbiH KayincisairiH KamTamacbl3 eTyaeri nangananyllbliapabiH PeniHe KaHe
onapapiH KubepkayinTep Typanbl xabapAapiblfblH apTTbipy KaxKeTTiNiriHe epekille Haszap
aydapblnadbl. YCblHbIAFAH Wapanap uMdpnaHablpy KafaalbiHAA KynWs aknapaTTbl CeHiMA
KOpFaydbl KAMTaMacbl3 eTyre kaHe ToyeKenaepai azantyra barblTTanfaH.

Tyhin cesaep: Oky 6ackapy »kyrenepi (LMS), SQL nHbekumsanapsl, CanT apanblk CKPUNTUHT
(XSS), DDoS wabybingapbl, Canvas LMS (AKLI), Moodle LMS, Blackboard LMS, Moodle
(¥nbibpuTanHmsa), Google Classroom

Kipicne. LMS »xyieciHaeri aknapaTtTbiK Kayincisgik — 6yn aknapaTtTbl PyKCaATCbi3 KON
EeTKI3yAeH, e3repTinydeH, »KOWblAydaH Hemece ypaaHyaaH Kopfayfa OarfbiTTanfaH KelwleHai
Wapanap XUbIHTbIFbl. Byn apTypAai TexHoNOrMANap MeH cadcaTTapAbl KOAAaHY apKblibl »Ky3ere
acbipblnazbl, MbiCanbl: AepeKkTepai wudpnay, KON KeTkisdyai 6akblnay »Kyrenepi, coHaamn-ak
3naHAbl Dafgapnamanapipl  aHbIKTan, onapaplH andplH  anyfa apHanfaH 6afaapnamansik,
acaKTama.

LMS xyieciHaeri aknapaTTel KOpFay agicTepi

AKNapaTTbl KOpFay YLiH Keneci agictep KoadaHblaaapl:

1. Kayinci3 nnatdopmaHbl TaHAay:

LMS nnatdopmachiH TaHdaraHaa, OHbIH, CEHIMAI Kayinci3aik GyHKUMANapbl — AepeKkTepai
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wndpnay, Ko KeTrizyai 6akblnay KaHe KendakTop/bl ayTeHTUPMKaUMA — Bap eKeHiHe Ke3
YKETKI3y KaxeT.

2. Kon xeTki3yai 6akblnay Kypanaapbl:
Penpaepre HerisgenreH Kon xeTkisy cadcatblH (RBAC) eHrisy apKbl/ibl Kynua aknapaTka Tek
YOKIiNeTTi agamaapabiH faHa KipyiHe MyMKiHAIK bepineai.

3. lepekTepai wndpnay:

[lepeKTepai MHTEPHET apKbl/ibl TacbiManaay KesiHae onapabl SSL/TLS npoTokonaapbl apKbi/bl
Wwndpnay aknapaTTbl KOPFayfa KOMeKTecedi.

4. ¥yMeHi TypaKTbl TYpPAE XKaHAPTY XKaHe Ty3eTynep eHrisy:

LMS nnatdopmachkiH YHEMI ¥KaHAPTbIN OTbIPY KaHE 0can TYCTapblH Ty3eTy Kyheaeri
benrini Kayincisaik KEMLWINIKTEPIH KOtoFa KaHe WabyblnaapasiH, andblH anyfa KemekTeceai.

KayincisgikTi bafanay »aHe eHyre TecTiney

Kayincisaikti TypakTbl 6afanay, Mbicanbl, OCanAblKTapabl CKAHEP/EY KaHe eHyre TecTiney
(penetration testing), aknapaTTbiK Kayinci3gikke TOHETIH bIKTUMaa KaTepaep MeH ocan TycTapabl
aHblKTayFa kemekteceqi [1].

LMS-TiH 6inim 6epy akoxyneciHaeri peni

LMS »Kyenepi yHMBEPCUMTETTEP MEH KOMMNaHUANapAbIH Oinim 6epy aKoKyneciHae Herisri
OpbIH anagpl. Onap TeK OKbITyAbl FaHa eMeC, COHbIMEH KaTap aHa/IMTMKA MeH KOMMYHUKaUMAHDI
[a KamTamacbI3 eTefii. Anaiaa, LMS-Ti eHrizy MyKuMAaT ocnapaayapl *KaHe KonaaHblCTarbl H1u3Hec-
npouectepre benimaeyai Tanan eTedi. byn — Tayekengepai asanTy KoHe HaTukenepai
OHTaMAAHAbBIPY YLWiH MaHbI3abl.

Matepuangap MeH agictep. LMS KylenepiHaeri aknapaTTblK Kayincisaik —3amaHaym 6inim
bepyaiH, aca MaHbI3abl Kypamaac beniri. AKnapaTtTbl KMbepKayinTepaeH Kopfay y34iKci3 damyabl
YKOHEe KaHa TeXHON0rMANap MeH Kayincisaik caacaTbiH eHrisyai KaxkeT eTesi. ¥Yibimaap e34epiHiH,
aKMNapaTTbiK aKTUBTEPIHIH TYPaKTblAbiFbl MEH Kayinci3airiH KamTamacbl3 eTy YLiH KayinTepai
Hbaranayra KoHe onapabl GapblHWa a3alTaTblH TWMIMA} Wapanapapl 33ipieyre epekile Hasap
ayaapybl Kepek.

AHann3 Kayintep KnbepKayinciagik canacbiHAa *KOfapbl OKY OpblHAAPbIHAA KallblKTaH
OKbITy Ke3siHae COVID-19 naHaemuAchkl *ofFapbl OKY opbiHAAPbIHbIH, (MOO) KallblKTaH OKbITyFa
annar KeuyiHe ceben 6ongapl, Byn OYATTbI TexHosorMaAnapabiH, oHAanH-NNaTdopmanapabiH
oHe benHeKoHdepeHUMANAPAbIH KONAAHbINYbIH aTapablKTan apTTbipabl. Ananaa, byn npouecc
COHbIMeH bipre KubepKayinTepai, Mmbicanbl, DDoS-wabybingapbl, MexcanTbl ckpunTtey (XSS),
CNydUHT, PYKCaTCbI3 Kipy KOHE KeKe AepeKTepai ypaay CMAKTbI KayinTepai apTTbipabl.

KalWbIKTaH OKbITYAbIH Heri3ri TexHonornanapbl 6yntTel ecenteynep (laaS, PaaS, Saa$),
OKbITy Hbackapy *yrenepi (LMS) xaHe beliHekoHbepeHuus KbiameTTtepi (VCA) 6onbin Tabblnaabl.
Knbepkrayinciagikti apTroipy ywiH KOO »kyMenepiH »KaHapTy, Kayinciagik natytapbiH Hackapy,
KO/MKETIMAINIK CascaTbiH eHridy, AepeKkTepai KikTey »aHe Kpuntorpaduanbik NpoTOKOAAAPAbI
KONZaHy Kaxer [2].
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OkbITy Hackapy KyhenepiHe (LMS) xacanfaH HakTbl kKubepwabybingapablH Mbicanaapbl

[4-8]
KyHi MakKcaTbl LLIabybin Typi Canpapsl
06.2020 Canvas LMS | KynuAanbInbIKTbIH, CTyaeHTTepaiH apekeTTepi MeH *Keke
(CLUA) 6y3binysl [4] AepeKTepi Typanbl aknapaTTbl *KUHAFaHbI
YLLIiH COTKA LafbIM TYCTI.
01.2022 Moodle SQL nHbekumscel [5] LepekTep 6asacbiH 6acbin any Kayni
LMS YKOHE KYNuA aknapaTTblH Tapaaysbl
07.2020 Blackboard | Ransomware [6] 5 MMANMOHHAH acTam NanaanaHyLbiHbl
LMS KaMTblfaH AepekTepai wudpnay KaHe
onapAplH Tapanybl
02.2024 Moodle DDoS-wabyblnbi[7] KbI3METTiH, iCTEH LUbIFYbl }X3HE OHAANH
(UK) OKYFa KOJ KeTKizyaeri Kigipictep
08.2022 Google OuwnHr (8] anfaH kipic 6etTepi MeH GULINHITIK
Classroom KY»aTTap apKblibl TIpKENr AepeKkTepiH
yphay

Hotuxenep. LMS KynenepiHiH ocanabifbl aHe 6inim 6epy nnatdopmanapbliHbiH,
KayincisgiriHe acepi

Kasipri 3amaHfbl OKbITy Dackapy *xyrenepi (LMS) 6inim 6epy npoueciHae maHbi3abl pen
aTkapaabl, acipece COVID-19 naHaemmAChl Ke3iHAe OHMaMH OKbITyFa XKannak Kelly XafaanbiHaa.
Anaipa, LMS »yihenepiHiH, KeHiHeH KonaaHblnybl KnbepabybinaapabliH CaHbIHbIH apTybliHa
aKenai, byn onapAablH Kayincisairi MaceneciH eTe e3ekKTi eTes,.

3epttrey Moodle, SAP Litmos »aHe TalentLMS cuaKkTbl TaHbiMan LMS »kynenepiHin,
OCaNAblKTapblH aHbiKkTayFa OafbiTTanfaH. Kayin geHrenin 6aranay vwiH OWASP Top 10 kaHe
Common Vulnerability Scoring System (CVSS) ctaHaapTTapbl KonaaHbinapl. Tanmay TecTiney
opTacbiHaa Nmap, OpenVAS xaHe Tenable.io Kypangapbl apKblabl XKyprisingi.

3epTTey HaTWMXKeNepi Herisri macenenepAiH, KatapblHa KaTaH TacbiMangay Kayincisgiri
casacatbiHbIH (HSTS) 60nmaybiH, Cross-Site Scripting (XSS) ocanablfbiH, ecKipreH KitanxaHanapzbl
KongaHyabl kaHe HTTP TaKblpbliNTapblH KOpFfaydblH *ETKiNIKCi3AiriH KamTtuasl. byn daktopnap
CTYAEHTTEPAiH, AepeKTepiHiH afbil KeTyiHe »KaHe OKy MaTepuangapbiHbiH Oy3blaybiHA SKenyi
MYMKIH.

LMS Kayinci3airiH apTTbIpy VLLUiH 3amMaHayun KopFay NPOoTOKOAAaPbIH eH i3y, bafaapiamansik,
KaMTamacbi3gaHablpyabl TypakTbl Typae »aHapTty »kaHe HTTPS kKoHurypaumsacblH 6antay
yCbiHblNaabl. binim Bepy mekemenepi nnatdopmanapibl eHrisbec 6ypblH onapabiH, Kayincisaik
AeHreniH eckepin, Tayekenaepai 6apbiHLLa a3anTybl KaxkeT [3].

Knbepkayincisaik okbITy 6ackapy xynenepidae (LMS) 6inim 6epy canacbiHaa

Kasipri yakblTTa KallblKTaH OKbITY TexHonormanapbl 6inim 6epy npoueciHiH axbipamac
benirine anHanabl. Moodle cnsaKTbl 31eKTPOHAbLI NaaThopmanap CTyAeHTTEP MEH OKbITYLLblIAAPFa
©3apa apeKeTTecyre, OKy maTepuangapbiH benicyre KaHe OHNAMH cabaKTap eTKizyre MyMKiHAIIK
bepeni. Ananga, LMS »ymenepiHin, TaHbIManAblAblFbIHbIH, ©CYyiMeH bipre kKnbepKaTepaepdiH, caHbi
[a apTTbl, By Kayinci3aik macenenepid epeklle MaHbl3abl eTe;.

LMS  kynenepiHaeri KnbeprayinciagikTiH,  Herisri macenenepiHib,  bipi —
nanZanaHylwbiNapaplH, AepekTepiH Kopfay. KalbIKTaH OKbITy naaTdopmanapbl CTyAEHTTEPAIH,
OKbITYLbINAPAbIH, XOHE SKIMLWIAIK KbISMETKepNepaiH *eke axknapaTtbliH, COHbIH, iWiHAe aTTap,
naponbaep MeH aKadeMMUANbIK Kasbanapabl eHaenai. Erep Kopfay »KeTKinikcis 6onca, byn
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[epeKTep KaCkyHemaep TapanbiHaH WabyblnaapabiH HbiICAaHACbIHA alHaNybl MyMKiH. Mbicanbl, KeH,
TapanfaH Oy3yLWbINbIK 94icTepi apacbiHAa brute-force wabybinaaps! (Naponbaepai KoAMeH Taybin
any), SQL mHbekumanapbl (oepexktep 6asacbiH Oy3y) KoHe MexcalTbl ckpunTtey (XSS), byn
Xakepnepre nnatdopmaHblH, Beb-HeTTepiHe 3MAHAbI KOATapAbl eHri3yre MyMKiHAIK bepegai [4].

KalublKTaH OKbITY XyhenepiHae (LMS) knbeprayinTepmeH KaTtap iLLKi Tayekenaep ae 6ap.
Kon »keTimainikti aypbic Bbackapmay, nanganaHylbliapablH, 9/1Ci3 Naponaepi »aHe aepektepai
wndpnayabiH 601Maybl aknapaTTbiH, afbin KETYiHe aKenyi MyMKiH. [haTdopmaHbiH, Kayincisairi Tek
a3ipneyullinepre faHa emec, COHbIMeH bipre nanaanaHylblnapra Aa 6alNaHbICTbl EKEeHIH TYCiHY
MaHbI34bl. Mbicanbl, erep CTyAeHT 3/CI3 Napo/ib KOAZ4aHCa Hemece O3iHiH, TipKeari AepekTepiH
YyWiHWi Tynfanapfa O6epce, o TeK ©3 TIPKeAriciH faHa emec, OYKiN XKyheHi ge Tayekenre
ylwblpatagbl.

LMS KayincisgiriH apTTbIpy VWIiH KeleHAai Kopfay WapanapbliH eHrisy KaxeT. bipiHwigeH,
XaKepnepaiH ecenTik ¥Ka3banapra KON XKeTKi3yiH KMbIHAATATbIH KBNPAKTOP/bl ayTEHTUMKALMAHDI
KONnAaHy MaHpi3abl. EKiHWIAEH, Kynenepai TypakTbl TypAe *KaHApTbiN OTbipy Kepek, cebebi
eckipreH 6afaapnamasnbiK KamTamacbizgaHaplpyaa Xakepsiep naiganaHybl MyMKIH ocanaplKTap
6ap. YwiHWwigeH, aepekTepi TacbiMaigay KaHe cakTay KesiHZe Wudpiay KarkeT, enTKeHi byn
0oNapablH ypAaHyblHaH HeEMece PYKCaTCbl3 KOMAaHbIybIHAH KOpFayFa kemekTeceni [5].

TexHWKaNblK KOpFay WapanapblIMeH Katap, NalnaanaHywblnapabliH, aknapaTTany AeHremin
apTTbipy A3 MaHbi3abl. OKbITYWbINAP MEH CTyAeHTTepre KubepKayincisgikTiH, Herisaepid ynpeTy
KenTereH agam GakTopbiMeH BainaHbICTbl WabyblnaapabiH anablH anyfa Kemektecesi. Mbicansl,
OUWNHITIK Wabyblngap Typanbl Oinim (KackyHemaep pecmu naathopmaHbiH, ekingepi 6oabin
KepiHin, aepekTepai cypanabl) nakfanaHylwblnapFa anaskTapAblH, alaacbiHa TYCiN Kaamayfa
MYMKIiHAK Bepesi.

Knbepkayincisaik sKofapbl OKy OpblHAAPbIHAA: KMbIHAbIKTAP MEH Wwewimaep

Undpnanasipy AsyipiHae 6inim 6epy npoueci KYHHEH KyHre oHAalH GopmaTKa Keluyyae.
KalbIKTaH OKbITY, BUPTya bl 3epTXaHanap *KaHe oKbITy 6acKkapy xyhenepi (LMS) ctyaeHTTEp MeH
OKbITyWbINapFa  »aHa  MYMKIHAIKTep  awagpl.  Anarga, TEXHONOTMANAPAbIH,  Aamybl
KnbepKayinTepAiH caHblH apTTbIPbIN, AEPEKTEPAiIH KYNUANbIFbIH, OKY MPOLLECIHIH TYTaCTbIfbIH KaHE
6inim 6epy nnatdopmanapbiHbIH TYPAKTbIAbIFbIH Kayinke Aywap eted,.

*orapbl OKy OpblHAapbIHAA KMbepKayinci3aikTiH Heri3ri macenenepiHin, 6ipi — aepekrepre
PYKCATCbI3 Kipy. YHUBEpCUTETTepAe CTYAEHTTEPAIH KYNWUA aknapaThbl, fblIbIMKW 3epTTeysiep XaHe
SKIMLLINIK Ky*KaTTap cakTanadbl. OnapAblH afbin KeTyi ayblp cafgapfa aKeNyi MyMKiH, COHbIH, iWiHae
aKagemuAnbiK AepekTepdiH bypmanaHybl meH Hinim 6epy KyheciHe AereH CeHiMHIH Xofanybl.
CoHbIMeH KaTap, KallblkTaH OKbITy nnaTdopmanapbl GULWKMHL, Naponbaep 6y3y kaHe DDoS-
wabybinaapbl CMAKTLI Wabyblngapfa ylbipanasl, Oyn OKy NPOLECiH TOKTaTbin TacTayfa ceben
60onybl MYMKIH [6].

byn macenenepai wewy yuWiH KeweHAai Kopfay WapanapbiH KOA4aHy KaxeT. bipiHwigeH,
3amaHayn ayTeHTMdMKaLUMA SAiCTEPIH eHridy, Mbicanbl, KendaKTop/bl CIMKECTEHAIPY KoHe
BUOMETPUANBIK TEXHONOTMANAP. EKIHWIAEH, YHUBEPCUTETTEP AEPEKTEPAi TacbiManaay KesiHae ae,
CaKTay KesiHe e aknapaTTbl Kopfay yLWiH wiudpnayabl KonaaHybl TMic. YWiHWIAEH, OKbITY 6acKkapy
KYMenepiH xymeni Typae *KaHapTbliM, aHbIKTaAFaH OCaNAbIKTapAbl O KaxeT.

Ananaa, TeXHWKA/bIK Wapanap e3airiHeH abcontoTTi KayincisaikTi KamTamachi3 eTneni.
MapanaHywblinapablH, aknapaTTaHybl MaHbI3abl pen atkapadbl. OKbITyWbIAAp MeH CTyAeHTTep
9/1Ci3 napongepai, awbik Wi-Fi XeninepiH XaHe KyMaHAi aKnapaT Ke3depiH nanganaHy
ToyeKenAepiH TyCiHyi kepek. COHAbIKTaH yHMBEPCUTETTEP KnbepKayincisaik bonbiHwwa 6inim 6epy
baroapnamaiapbliH eHri3in, TYPakTbl TPEHUHITEP OTKI3yi THiC.

MoFfapbl OKy OpblHAAPbIHAAFbI AePEKTEPAIH Kayinci3airi KeweHAi Ke3KapacTbl Tasan etea,
OHbIH ilWiHAEe TexHWKanblK, YMbIMAbIK KaHe 6inim Gepy wapanapbl Hap. Tek 6Hapablk,
KaTblCyWwblnapaplH, benceHai e3apa apeKeTTecyiHiH apKacblHAa faHa akmnapaTTbl KOpfaydblH
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CEeHIMA *KYMeCiH Kypbin, KallbIKTaH OKbITYAbIH Kayinci3airi meH y3/iKci3airiH KamTamachi3 eTyre
b6onaabl [7].

*orapsbl 6inim 6epy canacbiHaarbl BYOD yiieciHaeri kubepkayintep

BYOD (Bring Your Own Device) cafcaTblH »KOfapbl OKYy OpblHAAPbIHAA €Hri3y CTyAeHTTep
MeH OKbITYLLbIAAPAbIH binim Bepy pecypcTapbiHa KO MKETKi3YiH alTap/ibIKTam sKeHingeTTi. Ananaa,
eKe Kypblafblnapabl OKbITy Hackapy xyhenepiHe (LMS) Kocy kKmbepkrayinciagik TypfbiCbiHaH
eneyni Kayintep Tyfbl3adbl.

Herisri macenenep KypblifblnapdblH, YPAaHYbl, AepPeKTepdiH afblll KeTyi, KopfaimMmaraH
}eninep MeH 3uaHAbl BardapnamanblK KacakTamaHbl KondaHy 6osbin Tabblnagsl. Kayincisgik
cancaTblHblH, YKETKINIKCI3A4iri  aHe CTyAeHTTepPAiH KypblifblnapbiH  OaKkblnayabliH, — 2A1Ci3Airi
afdanabl ofaH api Hawapnatadbl. 3epTTeyaepre CaMKec, CTYAEHTTEP MEH KbI3MEeTKepaepaiH,
70%-bl pyKcaT eTiAMereH KOCbIMLWanapAbl naraanaHadbl, 6yn Kynua aknapatTbiH Oy3blaybiHa
aKenyi MyMKiH [8].

LMS Kayincisairii apTTbipy VWIiH KelweHAi Wapanapabl KOAAaHy KaxKeT: AepekTepai
wndpnay, kKendakTop/ibl ayTEHTUOMKALMA, KYNEH] TYPaKTbl Bakblaay *KaHe nanganaHylibliapabl
KnbeprurneHasa ympety. YauepcutetTep BYOD KongaHy casicaTblH HAKTbl @3ipaen, OHbIH, KaTaH,
CaKTa/lyblH KaMTaMacbl3 €Tyi Kepek.

BYOD 6inim bepyae bIHFanAbIIbIKTb KAMTaMachi3 eTYMEH KaTap, aknapaTTblk Kayinci3aik
TYPFbICbIHAH YAKEH CbiH-TereypiH 6onbin Tabbinagpl. Tek TexHoNorManapapl, CanacaTTbl KaHe
nanganaHylwblnapablH, aknapatraHybliH OipiKTipeTiH KelleHAi Tacin faHa KayinTepai asanlTbim,
AepeKTepai KopFayablH CeHiMAj XyMeciH KypyFra MyMKiIHAIK bepeai [9].

AKnapaTTbIK Kayinci3gikTiH ToyekenaepiH 6aranaynbiH 6ynbIHFbIP CapanTamasbiK, KyNeci

Kasipri 3amaHfbl akmapaTTbiK Kyhenep, acipece OKbITy Oackapy KyhenepiHge (LMS),
Kayincisaikke KaTbICTbl KentereH KaTepnepre Tan 6onaapl. [acTypni Toyekenaepai bafanay
9AicTepi Ui KeTKiNIKCi3 mkemai 6onbin Kanadbl, 6yn yribiIMAapablH, OCandblKTapblHa KaHe
KapKbl/blK LWbIFbIHOQPbIHA 9Kenedi. byn maKanaga aknapaTTblK KayincCi34ikTiH TayekenaepiH
HaranayapblH, *aHa Tacini ycbiHblNaabl, 01 BYNbIHFbIP NOTMKaFa HEri3AeNreH.

Herisri naea toyekengepai 6aranay moaenbAepiHiH Mepapxusablk KYpblbIMbIH Kypyaa,
onap MamaaHuaiH, anropuTmiHe HerizgenreH 15 O6yAblHFbIP MallMHaHbI KondaHaabl. byn
MallMHanNap KayinciagikTiH, apTypAi acneKkTinepiH Tanaanapl: YnbiMabiK, beaenmik, Kynuanbiabik,
aKnapaTTblH TYTACTbIFbl KaHE Ko/KeTimainiri. MyHaal Tacin KynenepAaiH Kayincisgirive acep
eTeTiH dakTopnapaplH, 6enriciafirid XXaHe e3reprilTiriH eckepy MyMKiHAIriH bepea;.

Tankblnay. KcnepumeHTTEp BapbICbiHAA XKye Typai oKbITy Backapy naatdpopmanapbiHaa,
COHbIH, iWiHae Platonus, Canvas »kaHe Moodle ynenepiHae TecTineHai. AnbiHfan Hatuxkenep NIST
800-30 »kaHe ISO/IEC 13335-3:1998 cMaAKTbI ASCTYPAi Toyekenaepai 6aranay aaicTepimeH »ofapbl
KoppenaumaHbl KepceTTi. bya ycbiHbIAFaH MoAENbAIH, TUIMAINIrIH KaHe OHbIH ERP, BaHKTIK »aHe
MeAMLUMHANbIK KyWenepai Koca anfaHaa Kypaeni »Kynenepgeri Teyekengepai 6afanayra
apamablablfblH pacTanabl.

byn aapic Toyekengepai ©Oafanay nNpPoOLECiH aBTOMATTaHAbIPyFa »KIHE aKnapaTTblK,
Kayinci3aikTiH AeHreniH apTTbipyra MyMKiHAIK 6epegi, Gipak OHbIH, eHri3ifyi »Kofapbl OiNiKTi
capanuwblnap MeH YNIKEH ecenTey pecypcTapbliH Tanan eteai [10].

OkbITy HacKapy KynenepiHid, Kayincisairi: ocangpiktapapl Tangay *aHe Kopfay

OkbITy backapy xyrenepi (LMS) 6inim 6epy canacbiHaa KeHiHeH KoaaaHblaaabl, bipak onap
Ui KnbepLabybingap viliH ocan 6onbin Tabbinagbl. «Security Analysis of Learning Management
System Using Penetration Testing with ISSAF Framework» makanacsiHga LMS Kayincisairi maceneci
ISSAF Framework agici 60MbIHLIA TeCTiney aAiCiH KoNAaHy apKblabl 3epTTenei.

KopbiTbiHgbl. ABTopnap LMS kynenepi SQL-nHbeKumanap, XSS XKoHe KAUMKOMKEKKMHI
CUAKTbI Wabyblnaapfa yLUIbIPaUTbIHbIH KaHe onapAa a/ci3 Kayincisaik caacaTtapbl 6ap eKeHiH
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aHbIKTaabl. TecTiney bapbiCbiHAA AEPEKTEPAIH afblN KETYiHE XKaHEe PYKCATChI3 KO XKETKI3yre akenyi
MYMKIH KpUTUKabIK 0canablKTap Tabbinabl.

KayincisaikTi apTTbipy YWwiH XSS-ke Kapcbl Kopfayabl, ceHimai HTTP 3arosoBkanapbiH,
aepektepai wndbpnayabl XKaHe nanganaHyllblNapabiH, ayTEHTUPUKALMACBIH KYLIENTYAI YCbIHAbI.
LMS KkyMenepiH yHemi TecTiney »KoHe nanganaHylbliapdblH, aknapaTTaHybliH  apTTbipy
WwabyblnaapabiH ToyeKkenaepiH asantyfa kemekteceni. LMS Kayincisgiri — umdpabik 6inim bepyain,
MaHbI3bl aCMEKTICI, 0/1 TYPAKTbl BaKblaaydbl *KaHE KOpFay SAICTEPIH XKeTinaipyai Tanan eteai.

ByntTbl LMS XylenepiHaeri aepeKTep KayincisairiH apTTbipy

BynTTbl OKbITY BacKapy xyhenepi (LMS) 6inim 6epy canacbiHAa KeHiHeH KoazaHbinaapl,
bipak Kmnbeplwabybingapra ocan bonbin Kanyaa. «Enhancing Data Security of Cloud-Based LMS»
MaKanacbiHAa AepekTepai Kopfay agici Kpuntorpadus (AES, Blowfish, RC6, BRA) xaHe LSB-
cTeraHorpaduACbIH NanganaHy apkblabl YebiHFaH. KinTrepai caktay ywiH 6y ajic KonaaHblnaap.

LMS Heri3ri KaTepnepi — PYKCaTCbI3 KO XKETKI3Y, AepeKTEePAiH afbln KETYI *KaHEe *KETKIIKCI3
ayTeHTUGUKauma. AsTopnap wudpnayabl »aHe agewmnepnayabl 10-15%-fa KblagamaaTaTbiH
Mozenbai asipneai, byn wabyblngap Toyekenid azanTaabl. Kocbimiia Kopray yuwid VPN, SSL xkaHe
HTTPS ycbiHbINaAbI.
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METOAbI 3ALLNTBI U OBECMEYEHWA
HALEXHOCTW MOAENEV MALLUMHHOIMO
OBYYEHMA HA OCHOBE AAHHbIX
COUMANBHBIX CETEW

AbunxaHoBa Ma3mpa HypaaynetoBHa

Ka3axcKni HauMoHaNbHbI YHMBEPCUTET MMeHU anb-Papabu r.AamaTtsl, KasaxcTaH
Anmartbl, KazakctaH

XaymeH bekaH

CryaeHT Ol «Cnctembl MHPOPMAUMOHHOM CUCTEMbI» Ka3aXCKMIM HaLMOHA/IbHbIM
yHMBEpCUTET MMeHU anb-Papabun r.Anmatbl,KasaxcraH

Hanbipbek AkboTa

CtyaeHT Ol «Cnuctembl MHGOPMALMOHHOM CUCTEMBI» Ka3axCKMn HALMOHANbHbIM
yHuBepcuTeT UMeHu anb-Oapabu r.AnmaTtsl,KasaxcTaH

AHHOTAUUA

B naHHOM cTaTbe Mbl KOMMIEKCHO Mccaenyem Bonpochbl obecneyeHns HesonacHOCTH
MoJenen MalMHHOrO obyvyeHusa, MCMNONb3YILWMX [aHHble ColUManbHbiX ceTein. B xoae
MCCNef0BaHMA aHaNU3UPYIOTCA aTakM WMHBEPCUW MOAEANM, aTaku OTpaBieHus, aTakum Sybil,
obHapyKeHMe cnam-KamnaHui, ataku geaHOHMMM3aUMKM 1 cTpaTernn deaepaTMBHOro 0byyYeHus
(federated learning).

NccnenoBaHMe onMpaeTcs Ha NATb OCHOBHbIX HayyHbIX TpyaoB: Benevenuto u ap.
OnucblBatoLLMX NOBeAEHWE NONb30BATENEN B COLMANbHbIX ceTax; Kayes n lamnitchi, BcecTopoHHe
PACCMOTPEBLLMX BOMPOCHI KOHOUAEHLMANBHOCTN M HE30MACHOCTM B CETEBLIX CMcTemax; McMahan
n ap. lNpeanoxuBlumx anroputm deaepatmHoro obyyeHus; Fredrikson n ap., nccnenosasLlimnx
aTaku MHBepCcUK moaenu; Jiang n ap., n3ydasLinx rmbKMe aTakm oTpasaeHus.

Pe3ynbTaTbl MCCNeA0BaHUA BbIABMIM OCHOBHbIE YA3BMMOCTM MOZAENEN MALIMHHOTIO
obyyeHuna n oueHnAn 3GPEeKTUBHOCTb 3aLLUMUTHLIX MEXAHU3MOB MYyTEM CPABHUTENLHOTO aHaAn3a.
TexHonorns denepatMBHOro obyyeHma 3HaYMTEbHO NOBbILLAET 6€30MacHOCTb CETEBbLIX CUCTEM,
obecneynBas AeLEHTPaAIM30BaHHOE 0DyYeHNEe Ha JaHHbIX.

KntoyeBble €NoOBa: MallMHHOE 0by4yeHue, colmanbHble ceTn, 6e30NacHOCTb, aTaka OTpaB/eHus,
nHBepcus moaenu, deaepatnsHoe obyyeHure, andodepeHumanbHan KOHPUAEHLUMANbHOCTb, aTaka
Sybil, aeaHoHUMM3aLUMSA, BE30NACHOCTb AAHHbIX.

Keywords: machine learning, social networks, security, poisoning attack, model inversion,
federated learning, differential privacy, Sybil attack, de-anonymization, data security.

BEAEHWE

Pa3BuTUE TEXHONOTUIA UCKYCCTBEHHOIO WHTEAIEKTa M MaLlLMHHOMO 0bydYeHusa npuobpeno
0cobblit pasmax 3a nocneaHune aecAtb net. CerogHa anropuTMbl MalLMHHOTO 0BYyYeHMUA WKMPOKO
NPUMEHAIOTCA BO BCEX Cdepax MMU3HW, TaKUX Kak MeauumHa, MHAHCbl, HalMOHanbHasA
6e30nacHOCTb, TPAHCMOPT M 31EKTPOHHAA KoMmmepuua. [1na paboTbl 3TUX aAropuTMoB TpebytoTca
OrPOMHble 06bemMbl AaHHbIX. OAHAKO NPOTMBOpEYME MEeKAy [AOCTYMHOCTbIO AaHHbIX U KX
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YyBCTBMTE/NIbHOCTBIO CAenano 6e30MacHOCTb CUCTEM MalUMHHOIO 0byYeHWA nepBooYepesHOM
npobaemol.

Kak otmeyatoT Kayes 1 lamnitchi, oHnalMH-coumanbHble CETU Ha CErOAHALWHMA AeHb CTanun
MOCTOAHHOM 4YacTblo KaK JIMYHOM, TaK M NPOPECCMOHANbHON KM3HW MUAIMOHOB WHTEPHET-
nonb3oBatenen. B 2014 rogy B Facebook 6bio 1.32 munnvapia eKemecsyHO aKTUBHbIX
nonb3oBaTeNein, M OH CTan BTOPbIM MO MOMNYyAAPHOCTM CalMTOM B WHTepHeTe. Twitter
3apeructpuposan H6onee 500 MUANMOHOB MOAb30OBaATENEN. ITU TMIAHTCKME PECYPCbl AaHHbIX
MCNonb3ytoTcA Ans obyyeHMs MoAenein MalMHHOrO Oby4YeHMs, HO B TO YKe BPEMA OTKPbIBAOT
CKPbITble BO3MOXHOCTW /18 3/T0YMbILWEHHWKOB.

CucTeMbl MalIMHHOTO 0OYy4YeHMsi, OCHOBaHHbIE Ha AAHHbIX COLMAsbHbLIX CEeTeil, MoryT
NoABEpPraTbCA HECKONIbKMM CEPbE3HbIM YrpO3aMm:

— Bo-nepsblx, aTakuM oTpasneHua (poisoning attacks) — 3710yMbIWNEHHWMK MNblTaeTCA
CKOMMNPOMETMPOBaTb MoAeNb, 400aBAsAA BPeAOHOCHbIE NPUMepPbI B 0byYatolme AaHHbIE.

— Bo-BTOpbIX, aTaku wuHBepcum mogaenn (model inversion attacks) — 310yMbIWAEHHMK,
MCNONb3yA AO0CTYN K MOAENMN, NbITAeTCA BOCCTAHOBUTb INYHYO MHOOPMALIMIO, MCNONb30BAHHYIO B
obyyvatoLmx AaHHbIX.

—  B-TpeTbux, aTakm AeaHOHMMM3ALMM — NOMbITKA PACKPbLITUA IMYHOCTX NONb30BATENA MNYTEM
COMOCTaBNEHMA M3HAYANbHO aHOHMMMW3NPOBAHHbIX A@HHbIX C BHELWHeW 6a30M AaHHbIX.

— B-yeTtBepTblx, aTaku Sybil — oAWH 3N0YMbIWNEHHWK CO343€eT HECKONbKO GanblUMBbIX

aKKayHTOB, MbITasACb YCTaHOBUTb M3DObITOYHOE BANAHNE B CUCTEME.
Jiang n ap. (2019), co3naBaa TaKCOHOMMIO aTaK Ha MalWMHHOe OobyvyeHuWe, pas3fennnu ataku
OTPaB/AEHMA Ha aTaKkM Ha LEenocTHOCTL (integrity attacks) m atakm Ha goctynHocTb (availability
attacks). OHWM [OKa3anu, 4TO NyTemM BHeAPeHUA BPeaOHOCHbIX 06pa3LoB B obyyatoline gaHHble
0OyYEHHYIDO MOAENb MOXHO WMCKa3UTb Tak, 4YTOObl OHa Oblna BbIFOAHA 3/10YMbILUIEHHUKY.
Fredrikson u ap. (2015), uccneays BO3MOMKHOCTM M3BAEYEHUA JMYHOM WMHPOPMaLMM U3
MHTEPdENCOB MALUMHHOIO 0ByYeHMA, NOKa3anM, YTO TaKMe aTakM B MOAENAX AepeBa pelleHuni
OCYLLECTBAAOTCA C HY/NEBbIM YPOBHEM JIOXKHOMONOMKUTE/bHBIX Pe3yNbTaToB, a W3 CUCTEM
pacno3HaBaHUA NnL, M306paXKeHMe LA MOXKHO BOCCTAHOBUTL C BbICOKOM TOYHOCTbIO. McMahan
W ap. npeanoxunn noaxoa denepatmsHoro obydeHma (federated learning) ana mawmHHoro
0by4YeHMA Ha OCHOBe [AaHHbIX, cObMpaemblx C MOBWUABLHbLIX YCTPOMCTB. [MpeanosKeHHbI UMK
anropuTtm FederatedAveraging (FedAvg) no3sonaet obyyaTb Moaenn 6e3 LueHTpannsaumm aaHHbIX.
3TOT NoAxo4, 3HAYMTENbHO YCUIMBAET 3alUMTY KOHOUAEHLUMANBHOCTM 33 CYET OTNPABKM TONbKO
obHoBNeHUI moaenn, bes nepeaaym cammx JaHHbIX Ha cepBep.

Llenn n 3apnayum nccnenosaHma
OCHOBHOM LeNbto AaHHOTO UCCNe0BaHNA SABAAETCA BCECTOPOHHWI aHanM3 ya3BUMOCTEMN

H6e3onacHOCTM Moaene MalWMHHOTO 0DyYeHMsA, UCMOAb3YIOWMX AaHHblE COLMANbHbLIX CETen, U
pa3paboTka Komnaekca ahdheKTUBHbLIX METOA0NOMMYECKUX NOAXOA0B ANS UX YCTPAHEHMA.
3a4a4m MCccnenoBaHUA:

—  KnaccuduKkauma OCHOBHbIX BWAOB aTak, HamnpaB/EHHbIX Ha CUCTEeMbl MaLIMHHOIO
0by4yeHusa, 1 U3yyeHune nx ocobeHHocTen.

— WM3mepeHne addeKTMBHOCTM aTaK OTPaBAEHMA C MOMOLLbIO YNCAEHHbIX MOAENEN N OLEeHKa
UX PE3yNbTaToB.

- AHanus ponu TexHonornm deaepatmeHoro obyyeHma B 6e30nacHoOCTM.

- WccnepoBaHue aTak MHBEPCUW MOAEAN UM AEAHOHMMM3ALMKW C MOMOULbID  YMCAEHHbIX
9KCMNEePUMEHTOB.

- OueHKa 3dPeKTUBHOCTN MEXAHNU3MOB 3aLLNTbl KOHPUAEHLMANBHOCTM W

bopMyNMpoBaHME KOHKPETHbIX PEKOMEHAALUMNNA.

152



«Progress in Science» (June 11-12, 2026). Brussels, Belgium

METOAO0/10MMA N METOAbI MCC/TEAOBAHNA

CornacHo wuccneaosaHuto Deep Learning, moaenn rnybokoro obydeHma moryT bbiTb
yA3BMMbI K adversarial-aTakam, Npu KOTOPbIX 3/10YMbIWNEHHNKM M3MEHAIOT BXOAHbIE AaHHblE A5
noay4yeHna owmboyHoro pesysnbtata KnaccmduKkaumm. ABTOPbI MOAYEPKMBAOT HEODXOAMMOCTb
MCMNONb30BaHWA YCTOMYMBBIX a/ITOPUTMOB 0DYYEHUs N perynapmsaumm moaenem.

MccnepoBaHue COCTOMT M3 HECKO/MbKMX 3TanoB: o0630p /AuTepaTypbl, onpeaeneHue
OCHOBHbIX MOHATUI N YA3BMMOCTEN; ONMcaHMe Moaenen atak Ha GopmasbHOM MaTeMaTUYECKOM
A3blKe;,  MPOEKTUPOBAHWE  aApPXUTEKTYpPbl  dpedepaTmBHOro  obydveHus;,  dopmupoBaHue
9KCMEepPMMEHTaNIbHOrO CTeHAA M MPOBEAEHME UYMCNEHHbIX OUEHOK;, aHanu3 pesy/abTaToB M
dopmynmpoBaHMe pekomeHaauui. MccnefoBaHMe NPOBOAMIOCL B MEXAMCUMNAMHAPHOM
HanpasneHnn. OHO HAaXOAMTCA Ha CTbIKe TaKMX ANCUMNANH, Kak MHDOPMaLMOHHanA 6e30MacHOCTb,
MallMHHOe obyyeHne, nccneaoBaHMe CoLManbHbIX CETEN U MaTeMaTMYeCcKan CTaTUCTMKA.

CucTemMbl MalIMHHOTO O0By4YeHWs, OCHOBAHHbIE Ha AAaHHbIX COLMANbHbIX CeTelr, MoryT
noABepraTbCA HECKONbKMM Cepbe3HbIM yrpo3am. Bo-nepBblX, aTakm oTpaBneHua (poisoning
attacks) — 3710yMbIWNEHHWUK NbITAETCA CKOMMNPOMETMPOBATb MoAeNb, A00aBNAA BPeAOHOCHbIEe
npuMmepsbl B obyyatolume AaHHble. Bo-BTOpbIX, aTakn MHBepcum moaenn (model inversion attacks)
— 3/10yMbIWNEHHWK, NICNONb3YA AOCTYN K MOAENMN, MbITAETCA BOCCTAHOBUTb INYHYIO MHOOPMALIMIO,
MCMNONb30BaHHYO B 0OYYAIOLLMX AaHHbIX. B-TpeTbWX, aTaku AeaHOHMMM3aLLMM NbITAOTCA PACKPbLITH
JIMYHOCTb YeNoBeKa.

Anroputm [ID MNIST (CNN) Non-IID MNIST Shakespeare LSTM
FedSGD (6a30BblIi) 626 ntepauun 483 ntepaumm 3906 ntepaumi
FedAvg (E=5, B=50) 29 nTepauni 334 utepauun 152 utepaummu
FedAvg (E=20, B=10) 18 ntepauni 173 ntepaunm 41 ntepaums
YckopeHue (FedAvg/FedSGD) ~34.8x ~2.8x% ~95.3x

Tabnnua 1. 9pdeKkTMBHOCTL anroputma FedAvg B COKpaLLLEHUN KOMMYHUKALMOHHbBIX UTepaLmit
(oaHHbIe McMahan v gp., 2017)
MaTtemaTnyeckmne OCHOBbI aTak MHBEPCUM MOLENN
Fredrikson n ap. (2015) chopmynnmpoBanm ataky MHBEPCUM MOAENMN KaK CAeayiollyto
3aga4y ontummsaumm. NMyctsT: [0,1]*n = [0,1]*m, rae n — KOANYECTBO NUKCENEN, M — KOIMYECTBO
Knaccuduumpyemblx Knaccos. Llenesas GpyHKLUMA:

c(x) = 1 —f _{label}.(x)+AuxNerm(x) (1)

Anroputm MI-Face MUHUMKU3NPYET 3Ty GYHKLMIO METOAOM rpaaMeHTHOro cnycka (gradient
descent). Ans BbluncneHma rpaaveHta ¢yHkuma V T gomkHa 6bite anddepeHumpyemoit. B
KnaccudumraTope Softmax peKkoHCTpyKumA 3aBepwmnacb B cpeaHem 3a 1.4 cekyHAbl, U n0am
CMOIMM MNPaBWUIbHO MAEHTMOMLUMPOBATL PEKOHCTPyMpoBaHHOe w3obpaxeHne nmua B 80%
cnyyaes. B kavecTBe KOHTpMepbl 3GDEKTUBHBIM OKa3aN0Ch OKPYrAeHMe BblIBOAA Moaenn (output
rounding): npu yposHe okpyrneHua r = 0.05 aTtaka He cmoria co3aaTb M3obpaskeHme auua. 1ot
Pe3yNbTaT NOKa3bIBAET, YTO 3TO NIETKNM, HO 3PPEKTUBHbIA METO, 3aLMNTHI.
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PE3YNLTATbI MCCNEOOBAHUA

OcHoOBbIBaACb Ha wWccneaoBaHMM, nposedeHHom Benevenuto u ap. (2009), 6bian
NpoaHanM3MpoBaHbl AaHHble 12-aHeBHbIX ceaHcos 37 024 nonb3osaTteneit Ha nnaTtdopmax Orkut,
MySpace, Hi5 wun LinkedIn. Pe3synbTaTbl WcCNenoBaHMA  BbIABUAM  HECKONBbKO  BaKHbIX
3aKOHOMEPHOCTEN OHNAMH-NOBEAEHMA NONb30BaTENEN.

MepBbii BaXKHbIM pe3ynbrat: 92% Bcel aKTMBHOCTM NOb30BaTeNen COCTAaBNAET MPOCMOTP
(browsing) n oTHocuTCcAa K CcKpbiTomy (silent) noBegeHuto. 3TO O3Ha4aeT, YTO TPaAMLMOHHbIE
MeToabl cbopa AaHHbIX, OTCAEXKMBAlOWIME TONbKO OTKPbITble [AEeWUCTBMA MNO/b30BaTeNei
(HanucaHWe coobLWEHNM, OCTaBNeHMEe KOMMEHTApMEB), OXBATbIBAlOT MlIb 8% peanbHOM
aKTMBHOCTKM Nosb3oBaTenei. MiccnenoBaHne Bnepsble KOMYECTBEHHO A0Ka3an0 HEBO3MOXKHOCTb
cbopa 3TUX AQHHbIX TONBKO C MOMOLLbID CUCTEM, OTCAEXKMBAIOLWIMX HE33aBMCMMO M3MepseMble
aKTMBHOCTM, @ TaK}Ke TO, YTO 3TN CKPbITble J@aHHble NPeACTaBAAOT cCOBOMN NOTEHLMANBHYIO Yrpo3y.

AHann3npysa akTMBHOCTb nosb3oBaTenert B Orkut, 6bina co3gaHa mopens clickstream,
OCHOBaHHaA Ha uenax Mapkosa nepsoro nopasaka (first-order Markov chain). 67% Bcex gencTeui
npodo/KatoTca Tem e aenctemem (self-loop), a 77% [enCTBUIA MPOUCXOAAT BHYTPU OZHOWM
KaTeropmu. AHanM3 B3aMMOAENCTBMA C APY3bAMM NOKa3an: nonb3osatenn Orkut Yalle 3axoAAT Ha
CTpaHWUUbl cBoux apy3sen (59%), yem Ha cBou cobcTBeHHble. Henpamble apy3ba (2+ xona)
OXBaTbIBAtOT 22% BCEX MoceleHunin cTpaHul,. Mpu yyeTe CKPbITOrO B3aMMOAEMCTBMA YPOBEHb
B3aMMOAENCTBMA NONb30BaTENEN BO3pacTaeT B 16 pas.

OCHOBbIBAACb Ha pe3y/bTaTax, OblM BbIABNEHbI CAeAyloliMe BaKHble 3aKOHOMEPHOCTMU:
BO-NepPBbIX, MO Mepe yBENNYEHNA CKOPOCTN OTPABAEHMA LeneBas GyHKLMA HEYKIOHHO CHUXKaeTcA,
TO eCTb NPMBANKEHWE K LeneBon moaenm yaydlwaetca. B aaHHbix CCPP ckopocTb oTpasnerna 20%
CHM3MNA 3HavyeHWe uenesol dyHKUMM A0 78%. Bo-BTopblX, Npu a=0 aTaka ctaHoBWUTCA Bonee
3GPEeKTUBHON, OAHAKO NOBbLILIAETCA BEPOATHOCTb ee 0OHApYKeHUA. B-TpeTbuX, Npy ONTUMM3aLMK
TO/IbKO OAHOM TOYKWM OTPABAEHMA TPALMEHTHbIN CNYCK AOCTUrAaeT KOHBepreHuun B TedyeHne 20
ntTepauui.

Ecam ana obydyeHma moaenm Mcnonb3yetca TONAbKO MHPOPMALMA O CKPbLITbIX AEUCTBMAX
nonb3oBatena (NPocMoTp, M3yveHWe npoduna), aTakm OTpaBAEHMA CTAHOBATCA OCOOEHHO
OMacCHbIMMK. ITO CBA3AHO C TEM, YTO TAKYHO CKPbITYIO MHOOPMALLMIO TPYAHO OYUCTUTL M MPOBEPUTD.

CBoicTBa 3aWMTbl KOHOMAEHUMANbHOCTM anropuTma FedAvg, npeanoxxeHHoro McMahan
n ap. (2017), 6biAM NPOTECTUPOBAHbI Ha HECKOMIbKMX Habopax AaHHbIX. [NA OLEHKM YpPOBHS
3alWMThl KOHOMAEHUMANBHOCTH MCNonb30Baiach MeTpMKa anddepeHUManbHOM
KoHPunaeHumanbHoctu (differential privacy) €.

Anroputm E B [ID (uTep.) ?::2:')[) (K:(I:AV/I\)MKs:EEaLl,MMypOBHH
FedSGD 1 oo 626 483 H6a3asblk,

FedAvg 1 50 65 600 9.6x

FedAvg 5 50 29 334 21.6x

FedAvg 20 10 18 173 34.8x

FedAvg + DP (e=1) 5 50 45 380 13.9x

FedAvg + DP (e=0.1) 5 50 72 510 6.7x

Tabnuua 2. Bananue anropntma FedAvg n mexaHnamos anddepeHumanbHOM
KOHOUAEHUMANbHOCTN Ha 3PPEKTUBHOCTb CBA3W.
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Pe3ynbTaTbl NOKa3aan: TexHosnorma deaepaTneHoro obydyeHma 3a cYeT AeleHTpaam3aumm
OaHHbIX CHWXaeT 3PPEeKTUBHOCTb aTaK AeaHoHMmM3aumm Ha 60-70%. OagHako u B FedAvg
BO3MOXHbl aTaKM OTPaB/IEHMA, TaK KaK 0OHOBNEHMA OT KNMEHTOB MOTYT ObITb BpeAOHOCHbIMM. [1pK
nobaBneHMm mexaHnsma anobdepeHunansHo  KoHduaeHumanbHoctM (e€=1.0) pocT umcna
KOMMYHWKaLUWMI cocTaBua Bcero 55%, B To Bpems Kak 3almTa KOHOUAEHLUMANbHOCTM 3HAYMTE/IbHO
YCUANNACD.

Ha paHHbix CIFAR-10 FedAvg poctur TouHoctn 85% Bcero 3a 2 000 ntepaunin ceasu, Toraa
KaKk cTaHgapTHomMmy SGD ana atoro notpebosanock 99 000 ntepaumii — 3To YCKOPEHUE NPUMEPHO
B 49.5 pasa. B asbikoBo moaenun Shakespeare LSTM Ha gaHHbix non-11D FedAvg noctur uenesoi
TOYHOCTM C B 95.3 pa3a MeHbLIMM KOIMYECTBOM UTepaumi, Yem FedSGD.

Pe3ynbraTtbl aTak MHBEPCUWN MOLENN

Anroputm  Ml-Face ot Fredrikson u ap. (2015) 6bln NpoOTecTMpPOBaH Ha Tpex
KnaccudukaTopax pacnosHaBaHua nuy, (Softmax, MLP, DAE) B 6ase aaHHbix AT&T Faces.
Pe3ynbTaTbl aTakM NPOBepAAMCh Yepes oHanH-naaTthpopmy Mechanical Turk.

YacToTa Bpems Yucno NoeHTdMKaumAa  yenoBeka
Mogaenb

ownboK PEKOHCTP. nTepaums (%)
Softmax 7.5% l4c 5.6 87% (aKkcnepTbl)
MLP (3000 HeipoH) 4.2% 1298.7 c 3096.3 75% cpenHuin NokaszaTtenb
DAE (10004300 3.3% 692.5¢ 4728.5 65% cpeaHuin NokasaTtesnb
HEeMpoH)
Softmax 7.5% N/A N/A 0% (HeycnewHbIi)
(oKpyrneHue
r=0.05)

Tabnuua 3. PesynbTaThl 3dGEKTUBHOCTA aTak MHBepcumn moaenu (Fredrikson n ap.)

B Mogenax aepesa pelleHuii ataku (no mogenam ¢ naatdopmbl BigML) 6biam npoBeaeHb!
C HY/IEBbIM YPOBHEM JIOXKHOMONOKUTENBHBIX (zero false positives) pesynstaTos. ATtaka "6enoro
Aawmka" (white-box) Ha gaHHbIx CCPP nosbickia TO4HOCTb B 593 pasa, a nonHoTy — B 371 pas no
cpaBHeHuUto ¢ 6a3oBol cTpaTernen. B aaHHbIx Five ThirtyEight o6bekTbl, BXogsuime B obyyatollyto
BbIOOPKY, ONpeaensanmcb ¢ TOYHOCTblO Ha 70% Bbille, YeM OObBEKTLI, HE BXOAALLME B Hee. ITn
pe3ynbTaTbl HarAsAHO [0Ka3biBAlOT, YTO OTKPbITME aocTyna K APl mawwHHOro obyyeHus
COMPSAXEHO CO 3HAYMTEsIbHbIMM PUCKAaMK ANA KoHOUAeHUManbHOCTU. OKpyraeHMe BbIXOAHbIX
3Ha4YeHUn mogenein Knaccuduratopos (output rounding) maM cmelleHWe YyBCTBUTENbHbIX
NPWM3HAKOB Ha NO3AHMeE 3Tanbl 0OyYEeHNA MOMKET 3HAYUTENIbHO CHM3UTbL IPPEKTUBHOCTL aTak.

CeTteBasn 6e3onacHocTb: aTakm Sybil n obHapykeHue cnama

Ha ocHoBe 0630pa Kayes n lamnitchi (2015) 66111 M3y4eHbl KOAMYECTBEHHbIE Pe3yabTaThbl
obHapyeHuma atak Sybil n cnam-kamnanuit. Mo gaHHbIM Facebook 3a 2012 roa, KOAM4ecTBo
HeNerMTMMHbIX aKKayHTOB Ha NaaTdopme NpeBbicMao 83 muanmoHa. B kpynHenwei cetn Vicnanum
Tuenti gna py4yHoin NnpoBepKkn Sybil-akkayHTOB ObIN0 334eMCcTBOBAHO 14 WITATHbLIX COTPYAHWUKOB.

Anroputm SybilRank BbiaBnsieT Sybil-akkayHTbl nocpeacTBom cTeneHHon utepaumum ¢ O(log
n) utepaumii. Anroputm pabotaeT B Tpu 3Tana: (1) HaaeHoe pacnpocTpaHeHue aoBepusa (trust
propagation) oT HagexHbIx (non-Sybil) y3nos; (2) paHKMpoBaHMe y3N10B MO HOPMMUPOBAHHOM
cTeneHn posepus; (3) onpeaeneHve [0AM  GanbWMBLIX AKKAYHTOB. DKCMepUMEHTaslbHble
pe3ynbTaTbl MoKa3biBatoT, 4To SybilRank cokpaulaeT BbluMcAMTeNbHbIE 3aTpaTbl B 100 pa3 no
CpaBHeHMUIO ¢ Knacchyecknm SybilGuard, coxpaHasa Npu 3TOM BbICOKMIA YPOBEHb OOHAPYKEHMS.
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Mpn obHapyXeHUn cnama KnaccuduKaTopbl MAWMHHOIO OByYeHWA MOoKas3aau TOYHOCTb
cebiwe 98.4% Ha AaHHbix MySpace 1 82.7% Ha AaHHbIx Twitter. TexHonorms Honeypot (akkayHTbI-
NOBYLWKM) No3BosAeT obyyaTb MOAENM, OCHOBbIBAACb Ha JaHHbIX O MOBEAEHMM CMaMepoB.
Knaccmnduratop Random Forest, ocHOBaHHbIM Ha LWEeCTU NpU3HaKax, paboTaeT B Twitter ¢ ypoBHem
JIOXHOOTpULATeNbHbIX pe3y/ibTaToB 3%.

Cuctema obHapyReHua danbluMBbIX aKKayHTOB, NpeanoxeHHas Prabhu Kavin n ap. (2022),
COCTOMT M3 HECKONbKMX 3TanoB. CHavana cobupatoTcA [AaHHble, 3aTemM OHM  NPOXoaAaT
npeaapuTenbHyto 06paboTKy (TOKeHM3aums, yaaneHne cTon-cioB, CTEMMUMHN). Mocne Bbibopa
NPU3HAKOB NPOBOAMTCA aHa /M3 C MOMOLLbI MOAENN UCKYCCTBEHHOTO MHTennekta (SVM, ANN mau
Random Forest), 1 akkayHT KnaccuduLMpPyeTca Kak GanblUMBbIA UAM HACTOALLMIA.

3AR/TIOYEHUE

B pOaHHOM cTaTbe KOMMJIEKCHO MccnenoBaHbl npobnembl 6e30MacHOCTM  CUCTEM
MalUMHHOro 0by4YeHuA, NCNONb3YIOWMX AaHHbIE COLMANbHbIX ceTeil. Ha ocHOBe NMATM OCHOBHbIX
Hay4HbIX TpyaoB — Benevenuto u gp. (2009), Kayes n lamnitchi (2015), McMahan un gp. (2017),
Fredrikson u ap. (2015), Jiang v ap. (2019) — 6blAK NpoBeAeHbl UCCAeA0BAHUA U MOyYeHbI
KOHKPETHbIE KONIMYECTBEHHbIE PE3Y/bTaTbl.

OCHOBHbI€e BbIBOAbI MCCNEA0BAHMA TAaKOBbI:

Bo-nepBbix, aTakn OTPaBfEeHMA HAHOCAT 3HAYMTENbHbIN yulepb 3GPEKTUBHOCTM CUMCTEM
MallMHHOro obyyeHns. [lons yctaBneHHbIX AaHHbIX B 20-30% cnocobHa CHM3UTb TOYHOCTb MOAENN
Ha 15-40%. MOKas aTaka OTpaBaeHMUdA, NnpeaaoxeHHan Jiang n ap. (2019), paccmaTpmBaeT aTaku
Ha LLe/IOCTHOCTb M AOCTYMHOCTb B €AMHON MaTeMaTU4YecKon CTPYKType, obecneymsan rmMbKoCTb
CTpaTerMmn 310yMbllLIAEHHWKA Yepes NapameTp a.

Bo-BTOpbIX, TexHosorms  ObicTporo  (desepaTmBHOro) obydyeHus  obecnedymsaeT
byHOAaMEeHTaNbHbIM YPOBEHb 3alWMTbl KOHOUMAEHLUMANBHOCTU NYTEM OTNPABKMU TONbKO OOHOBNAEHW
MOJENN Ha [AeLeHTPann30BaHHbIM cepBep Oe3 nepefadn cammx AaHHbIX. Anroputm FedAvg
(McMahan u ap., 2017) cokpallaeT KOMMYyHWUKaLMOHHble ntepaummn 8 10-100 pas. B coyetaHumn ¢
MexaHn3Mamm anddepeHUManbHON KOHOUAEHLUMANBHOCTM MOXKHO CHU3UTb 3GGEKTMBHOCTL aTak
AeaHoHnmm3aumm ao 60-70%.

Mony4yeHHble pe3ynbTaTbl AAOT PR, NPaKTUYECKNMX PEKOMEHAALNNA:

- CO3[aHMe CUCTEM aBTOMATMYECKOTOo OOHapyKeHWs aHOManui npu cbope AaHHbIX C
MCNoab30BaHMEM NpaBuaa 30;

- BHEeApeHMe TexHoNorMm deaepaTtMBHOro obyvyeHMa B KadecTBe CTaHZapTa B cucTemax
MalnHHOro obyyeHuna, obpabaTbiBatloWMX AaHHbIE MONb30BATENEN;

(3) 3aWwmTa OT aTak MHBEPCUMM NMYTEM OKPYIeHUs UAM AobaBaeHus Lyma (noising) B BbIXOAHblE
3Ha4yeHuna ML API;

- BHeApeHWe aBTOMaTU3NPOBAHHON CUCTEMbI OOHapYKeHMA akkayHTOB Sybil B coumanbHbIxX
ceTax;

- perynapHoe nposeaeHue ayamMToB 6e30MacHOCTM CUCTEM MALIMHHOIMO ObyYeHus U
onepaTmMBHOE YCTPaHEHME BblABAEHHbIX YA3BMMOCTEN.

B Oyayuiem HOBble yrposbl, CBA3aHHble ¢ TexHonormamm deepfake, ysa3BumocTm
KOHdMAeHUManbHOCTM moaenent LLM n ynydweHue anroputmoB deaepaTMBHOrO obyyeHus,
YCTOMUMBBIX K BM3AHTUMUCKMM COOAM, CTaHYT OCHOBHbIMM MEPCMEKTUBHLIMW HaNpPaBAEHUAMM
nccneqoBaHM. BbICOKME Temnbl PasBUTUA MHDOPMALMOHHBIX TEXHONOTUI U YCAOXKHEHME
Knbepyrpos byayT noaneprmBaTb MccnenoBaHMA 6€30MNacHOCTM CUCTEM MALLUMHHOMO 0byYeHus
KaK MOCTOSIHHO aKTya/lbHOe HanpaBaeHue.
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Abstract. This study presents a comprehensive comparative analysis of the elastic
properties of rocks forming the geological sections of drilled wells, with particular emphasis on
Poisson’s ratio as a key geomechanical parameter governing rock deformation behavior under in-
situ stress conditions. Elastic properties of reservoir and non-reservoir formations play a decisive
role in wellbore stability, fracture initiation, drilling safety, and the efficiency of completion and
stimulation operations. Among these properties, Poisson’s ratio occupies a central position, as it
directly reflects the ratio between lateral and axial strain and serves as an indicator of rock
compressibility, shear rigidity, and mechanical integrity.

Poisson’s ratio is widely used in practical geomechanics for determining fracture pressure
gradients, estimating minimum horizontal stress, and evaluating the susceptibility of formations
to shear or tensile failure. Accurate determination of this parameter is therefore critical for
predicting borehole collapse, lost circulation zones, and fracture propagation during hydraulic
fracturing. In this context, the present study provides a detailed review and comparative
assessment of classical laboratory-based methods and modern well-logging-based approaches for
determining Poisson’s ratio in heterogeneous geological sections.

The methodology integrates data from acoustic logging (monopole and dipole sonic tools),
density logs, and gamma-ray measurements to achieve reliable lithological differentiation and
elastic characterization. The use of compressional (V,) and shear (Vs) wave velocities allows
Poisson’s ratio to be derived continuously along the wellbore, enabling high-resolution analysis of
elastic property variations with depth. Gamma-ray logs are employed to distinguish clay-rich
intervals from clean sandstones and carbonates, which is essential for interpreting elastic
responses in mixed lithological sequences.

Building on an extensive body of published research and original datasets, the study
systematically analyzes the relationships between Poisson’s ratio, elastic wave velocities, and key
petrophysical parameters, including bulk density, porosity, mineral composition, fluid saturation,
and cementation degree. The theoretical framework of the analysis is grounded in established
rock physics models, such as Gassmann’s fluid substitution theory, Hertz—Mindlin contact
mechanics, and effective medium approximations. These models provide insight into how changes
in pore fluid, grain contacts, and confining stress influence elastic moduli and deformation
behavior.

The comparative analysis reveals that Poisson’s ratio is a highly sensitive indicator of
mechanical heterogeneity within geological sections. Clay-rich formations and shales typically
exhibit elevated Poisson’s ratio values due to their reduced shear modulus, higher compressibility,
and pronounced anisotropy. In contrast, well-cemented sandstones and carbonate rocks display
lower Poisson’s ratio values, reflecting stronger grain frameworks, higher elastic moduli, and
greater resistance to deformation. Fluid saturation effects are also significant: gas-bearing
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formations tend to show reduced Poisson’s ratio compared to water-saturated intervals, owing to
the decrease in bulk modulus and changes in elastic wave velocities.

Special attention is given to the influence of elastic anisotropy, particularly in laminated
shales, where Poisson’s ratio may vary depending on wave propagation direction. The study
demonstrates that conventional isotropic interpretations of sonic logs can lead to substantial
errors in Poisson’s ratio estimation in such formations. To address this limitation, the application
of dipole sonic logging, azimuthal measurements, and advanced inversion techniques is
emphasized as a means of improving the accuracy of elastic property evaluation.

The results of this study have important practical implications for drilling and reservoir
engineering. Improved characterization of elastic property distributions enhances the reliability of
geomechanical models used for well design, mud weight selection, casing program optimization,
and hydraulic fracture planning. By integrating multi-source logging data with rock physics
modeling, the proposed approach enables more accurate prediction of formation behavior under
operational loads and stress changes.

Overall, the findings confirm that a comparative analysis of elastic properties—centered
on Poisson’s ratio—provides a robust framework for assessing the mechanical behavior of
complex geological sections. The study underscores the necessity of integrating petrophysical,
geophysical, and geomechanical data to achieve a holistic understanding of subsurface formations
and to support safe, efficient, and economically optimized drilling operations.

Key words: poisson’s ratio, elastic properties, well logging, gamma-ray log, acoustic
logging, lithology, density, porosity, fluid saturation, seismic velocities.

Introduction. The elastic properties of rocks—Young’s modulus, Poisson’s ratio, and the
velocities of compressional (V,) and shear (Vs) elastic waves—represent fundamental parameters
in the geomechanical characterization of subsurface formations during oil and gas well drilling
(Karagianni et al., 2010; Martynov et al., 2009). These properties control the mechanical response
of rocks to applied stresses and deformations and are directly involved in the evaluation of fracture
pressure, in-situ stress distribution, borehole stability, and rock failure mechanisms.
Consequently, reliable determination of elastic parameters is a key prerequisite for safe and
efficient well construction (Levitsky, 1992; Shakhverdiev, 2001).

In modern field development practice, wells are drilled through highly heterogeneous
geological sections composed of alternating sandstones, shales, siltstones, and carbonate layers.
Such formations often exhibit strong vertical and lateral variations in lithology, porosity, clay
content, and fluid saturation, which lead to pronounced contrasts in elastic behavior. Under these
conditions, inaccurate estimation of elastic properties may result in drilling complications such as
borehole collapse, lost circulation, differential sticking, and premature failure of casing strings
(Mayorov & Nikiforov, 2021).

Elastic properties of rocks are traditionally investigated using laboratory core testing,
analytical and empirical correlations, and in-situ geophysical methods. Laboratory measurements
provide high accuracy but are limited by sample availability, scale effects, and difficulties in
reproducing true reservoir pressure—temperature conditions (Karagianni et al., 2010). Analytical
and empirical approaches often rely on simplified assumptions and require extensive calibration
(Mekhtiev & Kheirov, 2007). In contrast, geophysical well logging methods—particularly acoustic
and density logging—allow continuous in-situ estimation of elastic parameters along the entire
wellbore, making them indispensable tools in modern geomechanics (Martynov et al., 2009;
Lukyanov, 2011).

In recent years, the increasing complexity of drilling conditions, including deep, deviated, and
horizontal wells, has significantly enhanced the importance of acoustic logging and seismic—
acoustic interpretation (Shchetinina et al.,, 2017a; Shchetinina et al.,, 2017b). These methods
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enable high-resolution determination of V, and Vs, from which dynamic elastic moduli and
Poisson’s ratio can be derived. Integration of these data with lithological indicators such as
gamma-ray logs provides a powerful framework for identifying mechanical heterogeneity and
predicting problematic intervals (Gumersky et al., 2000; llyazov, 2023).

The relevance of elastic property analysis is further reinforced by advances in geological—
technological investigations (GTI) and mud-gas logging, which provide real-time information on
lithology, fluid type, and reservoir properties during drilling (Loermans, 2017; llyazov, 2024).
Although gas logging is primarily used for hydrocarbon detection, its integration with acoustic and
petrophysical data enhances understanding of pore-fluid effects on elastic wave velocities and
deformation behavior (Tarasova, 2011; Staroselsky, 1990).

The aim of this study is to systematize the theoretical foundations governing elastic rock
properties, analyze the main methods for determining Poisson’s ratio, and evaluate the factors
controlling its variability within sedimentary sequences. Particular attention is given to a
comparative analysis of acoustic-based and indirect estimation methods and to the interpretation
of Poisson’s ratio as a diagnostic parameter of lithology, compaction state, and fluid saturation.
The study is focused on geological conditions characteristic of the Baku and Absheron archipelago
regions, where complex lithological alternation and deep burial significantly influence elastic
behavior (Gurbanov et al., 2016; Gurbanov & Sultanov, 2019).

Theoretical Foundations and Methods for Determining Poisson’s Ratio.Poisson’s ratio ()
is defined as the ratio of transverse strain to axial strain under uniaxial loading and reflects the
ability of a material to redistribute deformation. In geomechanical applications, i plays a central
role in determining stress concentration around the borehole, fracture initiation pressure, and the
response of rocks to drilling-induced loads (Karagianni et al., 2010; Levitsky, 1992).

In sedimentary rocks, Poisson’s ratio typically varies within the range 0.1-0.45. Lower
values are characteristic of well-cemented, quartz-rich sandstones and carbonates, while higher
values are associated with clay-rich, poorly consolidated, or fluid-saturated formations (Mekhtiev
& Kheirov, 2007). Such variability makes Poisson’s ratio a sensitive indicator of mechanical
heterogeneity and lithological changes within the geological section.

Determination of Poisson’s Ratio from Acoustic Logging. The most common method of
estimating Poisson’s ratio uses the ratio of elastic wave velocities:

1 (Vy/Vg)2-2
"7 EVZ;Vz;—l 1)
n practice, this approach may vield distorted results due to anisotropy, heterogeneity, variations
in pore fluid saturation, and structural disturbances, necessitating further corrections.
Anderson’s Method (Gamma-Ray-Based Estimation). When acoustic data are unavailable,
Poisson’s ratio may be estimated from natural gamma-ray activity. According to Anderson, u can
be expressed as:
U=+ 0.125q, (2)
where:
_ _Y " Vmin (3)

Ymax — Vmin
is the clay volume coefficient, with
y — current gamma-ray reading;
Ymin— typical value for clean sandstone;
Ymax— typical value for shales.
The baseline value for clean sandstone is:
U o=0.22-0.24 (4)
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This method relies on the direct correlation between clay content in terrigenous rocks and the
increase in Poisson’s ratio.

Empirical Relationships Derived from Field Data. Correlation analyses based on wells from the
Baku and Absheron archipelago regions (Mekhtiev U.Sh., Kheirov M.B., 2007) have shown that
Poisson’s ratio can be expressed as a function of porosity and clay content (Mekhtiev & Kheirov,
2007):

u=f(CL, POR) (5)
Such relationships are inherently regional and require calibration using local geological
and petrophysical datasets (Gurbanov & Sultanov, 2019).
Influence of Geological-Technical Factors. Considering real formation conditions,
Poisson’s ratio may be written as:

Hactual = Ho + f(e), (6)

where € represents density, porosity, pressure, temperature, clay content, and pore-fluid
saturation. The function f(g) expresses the combined influence of these parameters and reflects
the complex interaction between lithology, burial history, and fluid regime (Levitsky, 1992.).

Seismic—Acoustic Properties of Rocks. Dependence of Elastic Wave Velocities on Density
and Composition. Compressional-wave velocities in sedimentary rocks vary from 0.3 to 6.9 km/s.
A generalized relationship between Vp and density is described by:

V, = 1.145¢0-6088p (7)
For dense igneous rocks, increasing density from 2570 to 3350 kg/m? increases V, from 5.8
to 8.5 km/s. The VS/Vp Ratio as a Lithological Indicator (Karagianni et al., 2010).
Typical values include:
ideal-elastic rocks: ~0.72
shales: 0.05-0.3
sands: 0.1-0.3
A decreased VS/Vp ratio indicates structural weakening or elevated porosity.
Influence of Pore Fluids
e waterincreases l,;
e 0il reduces velocities by 15—-20%;
e gas reduces velocities by 30-35%;
e ice produces velocities ~2.5 times higher than water (Staroselsky, 1990; Tarasova, 2011).

Methodology and analysis methods
Effect of Burial Depth. Increasing burial depth raises confining pressure, decreases porosity,
and increases elastic moduli and wave velocities, particularly in terrigenous rocks (Gumersky et

al., 2000; Lukyanov, 2011). Variation of Average Vo, Vs, Vs /V;, Ratio, and Poisson’s Ratio with Depth.
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Varation of average compressional and shear wave velocities, their ratios, and Poisson’s ratio
with depth (place for insertion)
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Fig. 1.

This figure should illustrate the depth-dependent trends of I}, V, the V¢/V,, ratio, and p
across the studied well section. Such depth profiles are essential for understanding mechanical
zoning, compaction trends, and intervals of anomalous geomechanical behavior.

Analysis of ensit Dy Effects on Poisson’s Ratio. To refine u estimates, the density range was
divided into four lithological groups :

Quartz Sandstones

H=a;p+by (8)

Poisson’s ratio versus density for quartz sandstones (place for insertion)

Poisson's ratio

density, (p - 2000) kgfm3

Fig. 2.

Limestones, Argillites, Siltstones
W=azp+b, (9)
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Poisson’s ratio versus density for limestones, argillites, and siltstones (place for insertion)
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Clayey Sandstones and Dense Shales
W=azp+bs (10)

Poisson’s ratio versus density for clayey sandstones and dense shales (place for insertion)
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Plastic Shales
W= ayp+ by (11)
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Poisson’s ratio versus density for plastic shales (place for insertion)
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Fig. 5.

Results and discussion

The analysis demonstrates that:

e elastic properties strongly depend on lithology, density, porosity, and pore-fluid saturation
(Karagianni et al., 2010);

e universal empirical formulas must be regionally calibrated due to geological variability
(Mekhtiev & Kheirov, 2007);

e integration of logging, seismic—acoustic, and laboratory data yields the most reliable
geomechanical models (Martynov et al., 2009);

e anisotropy caused by layering and fracturing can distort acoustic interpretations and requires
correction using advanced logging tools (Shchetinina et al., 2017a).
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Abstract

The rapid advancement of digital technologies has significantly transformed the way public
institutions manage information, deliver services, and support decision-making processes. In
recent years, governments around the world have increasingly adopted data-driven approaches to
governance, recognizing the strategic value of data as a critical resource for improving public
administration, transparency, efficiency, and citizen engagement (Bitsadze, 2026; Bitsadze &
Janadze, 2026).. This transformation has been facilitated by the integration of cloud computing
platforms, modern database systems, and analytical technologies that enable the collection,
storage, processing, and interpretation of large volumes of data generated across various sectors
of public administration.

This paper examines the role of cloud platforms, databases, and analytical technologies in
supporting data-driven public governance. Cloud computing provides scalable, flexible, and cost-
effective infrastructure that allows government organizations to manage digital services and
information resources more efficiently. Through Infrastructure as a Service (laaS), Platform as a
Service (PaaS), and Software as a Service (SaaS) models, public institutions can enhance
operational performance, reduce infrastructure costs, and ensure the availability of critical
information systems. Furthermore, cloud-based environments facilitate collaboration,
interoperability, and secure access to public data across different governmental departments.

Database technologies represent another fundamental component of digital governance.
Modern relational and non-relational database systems enable public organizations to manage
structured and unstructured data generated through administrative processes, public services, and
citizen interactions. Effective database management supports data integrity, consistency, security,
and accessibility, thereby providing a reliable foundation for evidence-based policymaking and
strategic planning. The integration of cloud databases further enhances data availability and
supports real-time information exchange across public institutions.
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Analytical technologies, including business intelligence platforms, data visualization tools,
predictive analytics, and artificial intelligence techniques, transform raw data into actionable
insights. These technologies support decision-makers by identifying patterns, trends, and
relationships within complex datasets, enabling more accurate forecasting, resource allocation,
risk assessment, and policy evaluation. Solutions such as dashboards and interactive reports
facilitate the communication of key performance indicators and enhance transparency in public
sector operations.

The study highlights the growing importance of integrated digital ecosystems that combine
cloud infrastructure, database technologies, and advanced analytics to improve governance
outcomes. By leveraging these technologies, public institutions can strengthen data-driven
decision-making, optimize service delivery, enhance accountability, and respond more effectively
to societal challenges. At the same time, successful implementation requires addressing challenges
related to data security, privacy protection, regulatory compliance, interoperability, and digital
skills development.

In conclusion, the integration of cloud platforms, databases, and analytical technologies
represents a critical enabler of modern public governance. As governments continue their digital
transformation journeys, data-driven approaches will play an increasingly important role in
creating more efficient, transparent, and citizen-centered public services, ultimately contributing
to sustainable public sector innovation and improved governance performance.

Keywords: Data-Driven Governance, Cloud Computing, Public Administration, Databases,
Data Analytics, Business Intelligence, Digital Transformation, Decision-Making.

1. Introduction

The rapid development of information and communication technologies has fundamentally
transformed the way governments operate, manage information, and deliver public services. In
the twenty-first century, public administrations are increasingly expected to provide efficient,
transparent, and citizen-centered services while responding to complex social, economic, and
technological challenges. As a result, digital transformation has become one of the primary
strategic priorities for governments worldwide (Bitsadze, 2026; Bitsadze & Janadze, 2026). The
transition from traditional administrative models toward digital governance has been accelerated
by the growing availability of data, advancements in cloud computing, and the emergence of
sophisticated analytical technologies capable of supporting evidence-based decision-making
(Bitsadze, 2026; Bitsadze et al., 2026).

The concept of data-driven public governance is based on the systematic collection,
management, analysis, and utilization of data to improve public administration processes and
policy outcomes. Governments generate and process vast amounts of information through public
services, taxation systems, healthcare institutions, educational organizations, transportation
networks, and numerous other administrative activities. When properly managed and analyzed,
these data resources can provide valuable insights that support strategic planning, performance
evaluation, resource allocation, and policy development. Consequently, data has become one of
the most valuable assets within modern public sector organizations.

Cloud computing technologies have emerged as a key enabler of digital government
initiatives. Cloud platforms provide scalable, flexible, and cost-effective infrastructure that allows
public institutions to store and process large volumes of data without significant investments in
physical hardware. Through cloud-based services, government agencies can improve
interoperability, facilitate information sharing, and enhance service availability (Bitsadze &
Janadze, 2026). Major cloud providers such as Microsoft Azure, Amazon Web Services (AWS), and
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Google Cloud Platform offer a wide range of solutions designed to support digital transformation
across the public sector.

In addition to cloud technologies, database management systems play a critical role in
ensuring the effective organization, storage, and retrieval of information. Modern database
technologies enable public institutions to manage both structured and unstructured data while
maintaining data integrity, security, and accessibility. Relational databases, data warehouses, and
cloud-based database solutions provide the technological foundation required for efficient
information management and governance.

Furthermore, analytical technologies, including business intelligence systems, data
visualization tools, machine learning algorithms, and predictive analytics platforms, have
significantly enhanced the ability of public organizations to transform raw data into actionable
knowledge (Bitsadze, 2026). These technologies enable decision-makers to identify trends,
monitor performance indicators, assess risks, and evaluate policy effectiveness through real-time
analysis and reporting.

This research investigates the integration of cloud platforms, database systems, and
analytical technologies within the framework of data-driven public governance. The study aims to
explore how these technologies collectively contribute to improving decision-making processes,
enhancing public service delivery, and supporting digital transformation initiatives. By examining
current practices, technological opportunities, and implementation challenges, (Bitsadze et al.,
2026; Bitsadze & Janadze, 2026). the research seeks to provide a comprehensive understanding of
the role of modern digital infrastructures in the development of effective and sustainable public
governance systems.

2. Literature Review

The literature on data-driven governance highlights a significant paradigm shift in the
functioning of modern public administrations. Over the past decade, researchers have increasingly
emphasized the importance of data as a strategic resource for improving decision-making,
enhancing transparency, and increasing the efficiency of public services(Bitsadze & Janadze, 2025;
Mell & Grance, 2011). The emergence of digital technologies has enabled governments to move
from traditional rule-based administrative systems to more flexible, evidence-based governance
models.

Cloud computing is widely recognized in the literature as one of the foundational
technologies enabling digital transformation in the public sector. According to Mell and Grance
(2011), cloud computing is defined as a model that provides ubiquitous, convenient, and on-
demand network access to a shared pool of configurable computing resources. Scholars argue that
cloud technologies offer significant advantages for government institutions, including scalability,
cost efficiency, flexibility, and improved accessibility. In public administration, cloud adoption
supports the consolidation of IT infrastructure, reduces maintenance costs, and enables faster
deployment of digital services.

Database systems represent another critical component of digital governance. Traditional
relational database systems, such as MySQL, PostgreSQL, Oracle, and Microsoft SQL Server, have
long been used for structured data management in government institutions(Bitsadze, 2026). These
systems ensure data consistency, integrity, and reliability, which are essential for administrative
processes such as taxation, healthcare, civil registration, and public procurement. In addition, the
rise of NoSQL databases has enabled the management of unstructured and semi-structured data,
such as social media content, sensor data, and geospatial information, which are increasingly
relevant in modern governance contexts.
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The integration of cloud-based database solutions has further expanded the capabilities of
public institutions. Cloud databases provide real-time access to data, automated backups, high
availability, and improved disaster recovery mechanisms. These features are particularly important
for ensuring continuity of public services and maintaining trust in government systems.

Analytical technologies, including business intelligence (Bl), data mining, machine learning,
and data visualization tools(Bitsadze et al., 2026), have also been extensively studied in the context
of public governance. Tools such as Power Bl, Tableau, and cloud-native analytics platforms enable
governments to transform large datasets into meaningful insights. These systems support decision-
makers in identifying trends, evaluating public policies, and monitoring key performance indicators
(KPIs) in real time. Predictive analytics and artificial intelligence further enhance the ability of
public institutions to anticipate future challenges and optimize resource allocation.

Recent academic studies emphasize the importance of integrated digital ecosystems that
combine cloud infrastructure, databases, and analytics into unified platforms. Such integration
allows for seamless data flow, improved interoperability, and more efficient governance processes.
Researchers also highlight the role of data governance frameworks, which ensure data quality,
security, privacy, and compliance with legal and ethical standards.

Despite the significant advantages, the literature also identifies several challenges
associated with the implementation of data-driven governance. These include cybersecurity risks,
data privacy concerns, lack of skilled personnel, interoperability issues between legacy systems and
modern platforms, and high initial implementation costs(Bitsadze et al., 2025; Bitsadze et al,,
2026). Addressing these challenges requires comprehensive policy frameworks, investment in
digital skills development, and strong institutional coordination.

Overall, the literature demonstrates that the combination of cloud computing, database
technologies, and analytical systems forms the backbone of modern data-driven public
governance. This integrated approach enables governments to improve efficiency, transparency,
accountability, and service delivery while adapting to the increasing complexity of the digital era.

3. Research Objectives and Tasks

e Research Objective

The primary objective of this research is to systematically investigate the role of cloud
platforms, database technologies, and analytical tools in the development and implementation of
data-driven public governance systems (Bitsadze, 2026). The study aims to understand how the
integration of these digital technologies contributes to improving decision-making processes,
enhancing administrative efficiency, and strengthening transparency and accountability within
public sector organizations. In the context of ongoing digital transformation, governments are
increasingly required to adopt advanced technological solutions that enable evidence-based
policymaking and efficient management of public resources. Therefore, this research focuses on
identifying how cloud computing infrastructures, modern database systems, and analytical
platforms collectively support these strategic goals.

A further objective is to explore the extent to which data-driven approaches can optimize
public service delivery and improve responsiveness to citizen needs. By examining the interaction
between technological systems and governance processes, the study seeks to provide a
comprehensive understanding of how digital tools transform traditional administrative models into
more flexible, scalable, and intelligent systems.
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e Research Tasks

To achieve the above objective, the research is structured around a set of specific tasks that
guide the analytical process and ensure a systematic approach to the topic. First, the study aims to
examine the theoretical foundations of data-driven governance by reviewing existing academic
literature, conceptual frameworks, and established models of digital public administration. This
includes analyzing how data is defined, managed, and utilized as a strategic asset in modern
governance systems.

Second, the research focuses on analyzing the role of cloud computing in public sector
digital transformation. This involves studying cloud service models such as Infrastructure as a
Service (laaS), Platform as a Service (PaaS), and Software as a Service (SaaS), as well as evaluating
their applicability in government operations(Bitsadze & Janadze, 2026). The task also includes
assessing the benefits of cloud adoption, including scalability, cost efficiency, interoperability, and
enhanced accessibility of public services.

Third, the importance of database systems in public information management is evaluated.
This task includes examining relational and non-relational database technologies, their role in
ensuring data integrity, and their contribution to efficient storage, retrieval, and processing of
large-scale governmental data. The study also considers cloud-based database solutions and their
impact on real-time data availability.

Fourth, the research investigates the application of analytical technologies in decision
support systems. This includes exploring business intelligence tools, data visualization platforms,
predictive analytics, and artificial intelligence techniques that enable public administrators to
interpret complex datasets and generate actionable insights for policy formulation and evaluation.

Fifth, the study identifies the key benefits and challenges associated with the integration of
cloud platforms, database systems, and analytical technologies. Benefits include improved
efficiency, transparency, and data-driven decision-making, while challenges involve cybersecurity
risks, data privacy concerns, system interoperability issues, and the need for skilled human
resources(Bitsadze, 2026).

Finally, the research proposes recommendations for improving digital governance through
technological innovation. These recommendations aim to support the development of integrated
digital ecosystems that enhance collaboration, optimize resource utilization, and strengthen the
overall effectiveness of public sector institutions in the digital era(Bitsadze et al., 2026).

4. Research Methodology

This study employs a qualitative research methodology based on a systematic review and analysis
of scientific literature, technological documentation, and public sector digital transformation
practices. The research examines the integration of cloud platforms, database systems, and
analytical technologies within the context of data-driven public governance.

The methodological framework consists of four stages. First, relevant academic literature and
international reports on digital governance, cloud computing, database technologies, and data
analytics were reviewed (Bitsadze, 2026). Second, widely adopted cloud platforms such as
Microsoft Azure, Amazon Web Services (AWS), and Google Cloud Platform (GCP) were analyzed to
identify their applicability in public administration. Third, database management technologies and
business intelligence tools were examined to assess their role in supporting decision-making
processes. Finally, a conceptual framework was developed to demonstrate the interaction
between cloud infrastructure, databases, and analytical systems in public governance.

The research relies on secondary data sources, including scientific journals, conference
proceedings, government reports, and official technical documentation. Comparative analysis and
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conceptual modeling methods are employed to evaluate the benefits and challenges associated
with technology integration in the public sector.

5. Research Scope

The scope of this research is centered on the application and integration of cloud
computing technologies, database management systems, and analytical platforms within public
sector organizations. It aims to explore how modern digital technologies support the
transformation of public administration into more efficient, transparent, and data-driven systems.
In particular, the study focuses on digital government initiatives, electronic public services,
structured data management processes, and advanced decision-support mechanisms that
enhance governance effectiveness (Bitsadze & Janadze, 2026).

The research examines the role of leading cloud computing platforms such as Microsoft
Azure, Amazon Web Services (AWS), and Google Cloud Platform (GCP) in enabling scalable, secure,
and cost-effective infrastructure for public institutions. These platforms are analyzed in terms of
their ability to support data storage, processing, application hosting, and interoperability between
government systems. Special attention is given to how cloud environments facilitate the
modernization of legacy systems and improve accessibility to public services.

In addition, the study investigates database management systems, particularly SQL-based
technologies, which play a crucial role in organizing, storing, and retrieving structured
governmental data. The research considers how relational databases contribute to data integrity,
security, and efficient querying in large-scale public sector information systems.

Furthermore, the scope includes the analysis of business intelligence and data visualization
tools, especially Microsoft Power Bl, as key instruments for transforming raw data into meaningful
insights. These tools are evaluated in the context of their contribution to evidence-based decision-
making, performance monitoring, and policy evaluation within government institutions.

The study also incorporates a comparative perspective by examining international best
practices in digital governance and assessing their applicability in different administrative
environments. Overall, the research provides a comprehensive overview of technological solutions
that support digital transformation in the public sector and highlights their potential for improving
service delivery, operational efficiency, and strategic decision-making.

6. Scientific Novelty and Resources Used
e Scientific Novelty

The novelty of this research lies in its integrated examination of cloud platforms, databases,
and analytical technologies as interconnected components of a data-driven governance
framework. While previous studies often address these technologies separately (Bitsadze, 2026),
this research investigates their combined impact on public sector decision-making and
organizational effectiveness.

The study also proposes a conceptual model for integrating cloud infrastructure, database

management, and analytics within public institutions to support evidence-based
governance(Bitsadze, 2026).
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Resources Used

The research utilizes:

e Scientific journal articles and conference proceedings.

¢ Books and academic publications on cloud computing and digital governance.

e Official documentation from Microsoft Azure, AWS, and Google Cloud.

¢ Public sector digital transformation reports.

e Case studies related to database management and business intelligence implementation.

¢ Analytical platforms including Power Bl and cloud-based reporting services.

Conceptual Model for Integrating Cloud Infrastructure, Database Management,
and Analytics within Public Institutions
for Evidence-Based Governance
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Picture 1 : Conceptual model for cloud infrastructure, database management and
analytics in public institutions
4 Conceptual Model Description

The conceptual model illustrates a comprehensive architecture for supporting evidence-
based governance in public institutions through the integration of cloud infrastructure, database
management systems, and analytics platforms.
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1. Cloud Infrastructure Layer

The bottom layer represents the cloud infrastructure, which serves as the foundation of
the entire system. It provides:

Cloud storage for large-scale data management

Virtual computing resources (e.g., virtual machines, containers)

High scalability and flexibility

Secure and remote access to services

This layer ensures the availability, reliability, and performance of the entire system.

2. Database Management Layer

The middle layer focuses on database management systems (DBMS) that organize and
process data. It includes:

Collection of data from multiple sources (e-government systems, registries, loT devices)

Structured and unstructured data storage

Data cleaning, validation, and integration

SQL and NoSQL database operations

This layer acts as a centralized data hub that prepares information for analytical processing.

3. Analytics and Business Intelligence Layer

The upper layer represents the analytics and Bl environment, which transforms raw data
into meaningful insights. It includes:

Interactive dashboards and visualizations

Reporting systems for public administration

Predictive analytics and forecasting models

Decision Support Systems (DSS)

This layer enables data-driven decision-making in public institutions.

4. Public Institutions (End Users)

On the right side of the model are public institutions, including:

Ministries

Municipal authorities

Public service agencies

These institutions use analytical outputs to improve planning, policy-making, and service
delivery.

5. Data Flow Process

The data flow within the model follows a structured pathway:

Data Sources — Cloud Infrastructure — Database Systems —> Analytics Platform —
Decision-Making

A feedback loop is also included, allowing decisions and outcomes to continuously improve
data collection and system performance.

+ Key ldea
The model demonstrates that the integration of cloud computing, database systems, and
analytics technologies creates a unified ecosystem that enables public institutions to achieve:
Faster and more efficient decision-making
Higher accuracy in data analysis
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Improved transparency and governance
Enhanced public service delivery

7. Practical Tasks

The practical component of the research includes the development of a conceptual data-

driven governance framework.

Practical tasks include:

¢ Designing a cloud-based architecture for public data management.

* Creating a sample relational database for public service information.

* Developing analytical dashboards using Power BI.

¢ Implementing data visualization techniques for performance monitoring.

* Demonstrating how cloud-hosted databases can support real-time decision-making.
» Evaluating key performance indicators (KPIs) relevant to public administration.

The practical section aims to illustrate how modern digital technologies can improve

transparency, efficiency, and service quality within public institutions.
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DATA-DRIVEN GOVERNANCE FRAMEWORK FOR PUBLIC ADMINISTRATION

Cloud-Based Architecture for Public Data Management and Analytics

DATA SOURCES DATA INGESTION CLOUD DATA PLATFORM ANALYTICS & VISUALIZATION USERS & STAKEHOLDERS
B Government
I cepartments — ETL/ELT Pipaline Power BI @  Policy Makers
ey p i) Dashboards @Il  (Decision Making)
.0 y .
e 1 g o - £
- — - —
M (B B Ry a — a l o@e Public Administrators
ransport, etc.) = @Y  (Performance Monitoring)
Chizeii Request =P Cloud Storage Relational Database Analytics Engine | T i el | o—p
“ izen Requests > Data Validation (Dsta Lake) (Structured Dsta) {Processing) s
& Feedback E & Cleaning = o= e
l @  Department Managers
@ External Data L] @R  (Operational Control)
- gLy 3
E:m ;:1 )“'5' Metadata Security & Governance Layer e ::Mh: ‘"’::'mg .
= Management (Access Control, Encryption, Backup, Compliance) e 099 Citizens

& Feadback
(Roai-tima Dats) (Transparency )

POWER Bl ANALYTICAL DASHBOARD (EXAMPLE)

KEY PERFORMANCE INDICATORS (KPls)

Dagmteed [ [(Gitzns 1 Totad Requests e, o ¥ (%) 98.6%
[ —— [er—— [ep—— o
F e iopate S e s 24,530 ;g 21,456 3.6 ® 0 Average Processing Time (days) 36
ParentDepartment (o Gtz et o)
i FeguerDate [dmetime) Phone (varc Ragquests Trand Cvar Tene AR Ctizen Satisfaction Score (1-10) 87
1 Statusid (ing) &
| e (@)  Request Completion Rate (%) 87.5%
Tricel 1 x| A
[p—— PR @ Data Accurscy (%) 99.2%
4
St o) [ ——— e we ke My Ae
e ! o= = = (&) coneticiency %) 92.1%
Status.
Oresipton gmt) | U [——— —— @
s T1 Transparency Index (1-10) 9.1
[p—— PR — i : )
[R— PacessingTins b e
[P st
REAL-TIME DECISION-MAKING FLOW BENEFITS
- -  Transparency & Accountabilty
£, = @ * X ¥ + Efficiency & Cost Savings
el [ 1 - ||| = — — — 'Y 1)
== - — A ik © -7 -9 + Data-Driven Decision Making
L Live Dashboards Insights for Policy / Operational Improved Services &  Batter Public Services
Collection in Cloud & Alerts Decision Makers Actions Citizen Satistaction  Citizen Engogement

Picture 2: Design and Implementation of Cloud-Based Data Management and Analytics in
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8. Results and Discussion

The findings indicate that cloud computing technologies significantly improve the efficiency and
flexibility of public sector information systems. Cloud platforms provide scalable infrastructure,
allowing government organizations to optimize resource utilization while reducing operational
costs. Additionally, cloud-based environments facilitate data sharing and collaboration among
public institutions.

Database technologies were found to play a critical role in ensuring data integrity, consistency, and
accessibility. Relational database systems support structured government records, while modern
cloud databases enable real-time data availability and enhanced system performance. Effective
database management contributes to reliable information storage and supports evidence-based
policy development.

The analysis also demonstrates that analytical technologies, including business intelligence and
data visualization platforms, improve decision-making by transforming raw data into actionable
insights. Dashboards, reports, and predictive analytics allow public managers to monitor
organizational performance, evaluate policy outcomes, and identify emerging trends.

The integration of cloud platforms, databases, and analytical tools creates a comprehensive digital
ecosystem capable of supporting data-driven governance. However, several challenges remain,
including cybersecurity risks, privacy concerns, interoperability issues, and the need for continuous
professional development among public sector employees.

Overall, the results suggest that technological integration can significantly enhance transparency,
accountability, service quality, and administrative efficiency in public governance.

Results and Discussion
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9. Conclusion

Data-driven governance represents a fundamental shift in the management and delivery of
public services. The integration of cloud platforms, database technologies, and analytical tools
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enables public institutions to transform large volumes of data into valuable knowledge that
supports strategic decision-making ( Bitsadze, 2026; Bitsadze & Janadze, 2026)..

The findings indicate that cloud computing provides scalable and flexible infrastructure,

databases ensure reliable information management, and analytical technologies generate
actionable insights for policymakers. Together, these technologies contribute to more efficient,
transparent, and citizen-oriented governance.

Despite challenges related to security, privacy, interoperability, and digital skills, the

adoption of integrated digital solutions offers significant opportunities for enhancing public sector
performance. Future developments in artificial intelligence, big data analytics, and cloud services
are expected to further strengthen the role of data-driven approaches in public governance.
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AHaIN3 NPON3BOAMNTE/ILHOCTU CETU NP
BHeApeHUM mep Be30MacHOCTH

akna AnawxaH Kanpatynbl
MaruncTtpaHT, Kazaxcknit YyHUBEPCUTET TEXHONOTMN 1N BuaHeca nm. K.KyxkaHoBa, T.
AcTaHa, Ka3saxcTtaH

AHHOTaumMA. B pgaHHOM cTaTbe paccmaTpuBaeTca pa3paboTka  CUCTEMbl  MOHMWTOPMHra
Npomn3BOAMTENBHOCTN CceTU, obecnedmBatoLe HabaoaeHWe B peasbHOM BPEMEHM 32 BIUAHMEM
Mep 6e3onacHOCTM Ha obuyto 3dhdeKTUBHOCTL ceTeBOM MHOPACTPYKTYypbl. [MpoBeaéH aHanms
KNtOYEBbIX METPUK: MPOMYCKHOM CNOCOOHOCTM, 3a4ePKKM M MNOTEPM MAKETOB — [0 M Nocne
BHEZPEHUS CPEACTB 3aLUNTbl. IKCNEPUMEHTANBHO UCCNEA0BAHO BAMAHME PA3/IMYHbLIX METOA0B
wnpposanusa (WEP, WPA2, WPA3) Ha Nnpon3BOAMTENBHOCTL CETU. Pe3yibTaTbl MOKa3bIBaOT, YTO
NPUMEHEHNE COBPEMEHHbIX MPOTOKONOB 6e30MacHOCTM  MPUBOAMT K  He3HauyuMTeNbHOMY
CHMXEHWIO CKOPOCTM MNepefayM  AaHHblX, OAHAKO CYWECTBEHHO MOBbIWAET YPOBEHb
3aLUMULEHHOCTM MHOPACTPYKTYPbI.

Kntouesble cN0Ba: MOHUTOPUHT CETU, MPOM3BOANTENBHOCTb, 6€30MaCHOCTb, WKNdPOBaHHE,
Prometheus, Grafana, SNMP, 3aaep»Ka, NponyckHas cnocobHOCTb.

Beenerune

C pa3BuTMEM MHPOPMAUMOHHBIX TEXHOMOMMIN U POCTOM 3aBMCMMOCTM BU3HEC-NPOoLLecCoB
OT ceTeBOMN MHPPACTPYKTYPbl obecnedyeHme eé becnepeboliHomn 1 besonacHon paboTbl CTAHOBUTCS
KPUTMYECKM BayKHOM 3aaa4elt. Mepbl ceTeBoi 6e3onacHocT — dunbTpauma TpadmrKa, HaCTPONKM
bpaHaomayspa, WKUPpPoOBaHME  AaHHbIX —  OKasblBAlOT  CyLIECTBEHHOE  BAMAHWE  Ha
npousBoauTeNbHOCTb ceTu [1]. Bo3HMKaeT npakTMyeckaa noTpebHOCTb B WMHCTPYMEHTAX,
NO3BONAIOLLMX OTCNEKMBATL 3TO BMAHNE B PEXUME PeasbHOTO BPEMEHM.

Llenbto HacToAulen paboTbl ABASETCA aHa/iM3 BO3AENCTBMA COBPEMEHHbIX CpeacTB
6e30MacHOCTM Ha K/to4YeBble MoKasaTe/ M CeTeBOW MPOM3BOAMTENBHOCTM, @ TaKXKe pa3paboTka
CUCTEMbl MOHWTOPWHIa, MO3BOMANOLEN OpraHM3aLMAM CBOEBPEMEHHO BbIABAATL Yrpo3bl W
MWHUMM3MPOBATL NOTEPU NPOU3BOANTENILHOCTHL.

MeTtoaonorua nccnenoBaHua

MccnenoBaHMe OCHOBAHO Ha KOMMIEKCHOM MOAXOAE, BKAOYAOUWEeM aHanuTU4ecKue,
aKCNepMMeHTanbHble U Moadenmpylowme metoabl. na cbopa AaHHbIX O NPOU3BOAUTENbHOCTMU
CETU MPUMEHANNCH TPW KAtOYEBbIX NPoToKoAa [2]:

SNMP (Simple Network Management Protocol) — a1a MOHUTOPUHIA COCTOSHUA CETEBbIX
YCTPOMCTB 1 cOopa NnoKasatenen 3arpyskn nHtepdeincos, owmMboK nepesadym n UCnosb3oBaHMA
Pecypcos;

NetFlow (pa3paboTtka Cisco) — Ona AeTanbHOro aHanaM3a NOTOKOB TpaduKa, BKAOYan
MHPOPMALMIO 0O MCTOYHMKAX M MOAyYaTeNsX [AaHHbIX, MPUMEHSAEMbIX NMPOTOKOAaX U 0b6bEME
nepenaHHon nHdbopmaumm;

Syslog — AnAa ueHTpanm3oBaHHOro cbopa KypHanoB cobbITMA HE30MacHOCTM C CeTeBbIX
YyCTPOWCTB 1 cepBepos [3].

[na BM3yanmsaumm m aHanmsa cobpaHHbIX AaHHbIX MCMOAb30BANCA CTEK MHCTPYMEHTOB
PAVG: Prometheus [4], Alertmanager, VictoriaMetrics n Grafana [5]. Elasticsearch n Kibana
NPUMEHANNCL ANA MHAEKCMPOBAHMA M MOMCKA MO KypHanam cobbiTmin. TectoBaa cpesa bbina
pa3BEépHyTa Ha 6a3e BMPTyasibHOM CETU C NpUMeHeHnem cumynaTopa GNS3.

OnucaHne sKkcnepuMmeHTa
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B xo4e uccneaoBaHWa NpoBoAMaach oLle

HKa BJIMAHNA PA3/IMYHbBIX METOA0B LLIl/Id)pOBaHl/IFI

HbecnposoaHbix ceter — WEP, WPA2 n WPA3 — Ha nNpoun3BoAMTENbHOCTb CeTU. [1na KarKaoro

MEeTOAa M3MEePANMNCH:
— NponyckHas cnocobHocTb (MbuT/c);
— cpeaHas 3aepxKa (mc);
— MNPOLEHT NoTepu NakeTos.

MNepen Hayanom aKcnepumeHTa GUKCMpoBanMcb Ha3oBble NokasaTenn 6e3 NpuUMeHeHus
WndpPOBaHMA. 3aTeM MOCNEA0BATE/NBHO aKTUBMPOBA/ICA KaXKabld METOA 3alUMTbl, U M3MEPeHMUA

NOBTOPANUCH B MAEHTUYHbIX YCNIOBUAX HArpysK
YAANAAMCE  WYMbl M QHOMANUM,
pe3y/bTaToB.

Pe3ynbTaTbl UCCegoBaHUA

NOKa3aTtenn

n. JaHHble npeaBapuTenbHO obpabaTbiBaimCh:
HOPManN30BaaNCb A/ COMOCTaBUMOCTM

CpaBHUTENbHbLIA aHaNW3 BAUAHWSA METOAO0B LWMGPOBAHMA Ha K/OYEBLIE METPUKMK
NPOW3BOAUTENLHOCTM CETU NpeacTaBaeH B Tabanuax 1-3.
Tabnunua 1 — MponyckHas cnocobHOCTb

MeToa, WndpoBaHms

MponyckHasa cnocobHocTb (M6uT/c)

WEP 50
WPA2 75
WPA3 90

Tabnnua 2 — Cp

e[HAN 3a4ePKKa

MeTog WwindpoBaHus

CpenHss 3ageprKKa (mc)

WEP 20
WPA2 15
WPA3 10

Tabanua 3 — MNoTepsa nakeToB

MeTopa, WwndposaHun

ONA NOTepAHHbIX NakeTos (%
il p (

WEP 5
WPA2 2
WPA3 1

lMonyvyeHHble AaHHble
wndposaHna WPA2 n WPA3 obecneumBatoT

CBMNAOETENBCTBYKOT O TOM,

YTO COBPEMEHHbIE MPOTOKO/IbI
6oNee BbICOKYHO MPOMYCKHYO CMOCOBHOCTb

MeHbLUME 33[EePXKM MO CPaBHEHWIO C ycTapeBwum ctaHgaptom WEP. [Mpotokon WPA3
[EMOHCTPUPYET Hanayyllee coyeTaHMe NPOU3BOAUTENBHOCTM M YPOBHA 6€30MNacHOCTM.

MoMnMO 3TOro, Hb1/10 3aPUKCUPOBAHO B
cetu. Mocne BHeApEHUA CPeACTB 3alMTbl cpeaH

nAHNe mep 6e30nacHOCTM Ha obuwue NoKkasaTenu
A8 CKOPOCTb Nepesadn AaHHbIX cHM3MNace ¢ 100

00 80 MbouTt/c (Ha 20%), a cpeaHana 3aaepskka Bo3pocaa ¢ 10 4o 15 mc. YpoBeHb 3aMLLEHHOCTH

MHOPACTPYKTYPbI MPM 3TOM OLIEHMBAJICA KaK BbIC
ObcyaeHne pesynbTaToB

OKUN.

AHann3 pesynbTaToB MOATBEP)KAAET CYLIeCTBOBAHME KOMMPOMMCCA MENKIY YPOBHEM
6e30nacHOCTM M NPOU3BOANTENbHOCTLIO CETU. [TpUMEHEeHWe Mep 3aLnUTbl HeM3beXHO BNEYET 3a
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coboit onpenenéHHble HakNagHble pacxodbl. BmecTe ¢ TeM rpamoTHaa HacTpoMKa NapameTpoB
6e30nacHOCTM NO3BONSAET MUHUMMU3MPOBATL HEFATMBHOE BO3/ENCTBUE.

PaspaboTaHHasA cucTemMa MOHUTOpMHra Ha Oas3e cTeka PAVG no3BosAeT B peasbHOM
BPEMEHM OTC/EXKMBATb M3IMEHEH WA NPON3BOANTENBHOCTUN, ONEPATUBHO OOHAPYKMBATb aHOMANNN
n dopmmpoBaTb onoselleHns yepes Alertmanager [6]. Cuctema macwtabmpyema 1 agantmpyema
K MHOPACTPYKType pasiMYHOro pasmepa.

Ha ocHoBaHWMM MOMyYeHHbIX pe3ynbTaToB CHOPMYIMPOBAHbI CAeaytolMe MPaKTUYecKne
pekomeHaaumm:

1. Wcnonb3osatb npoTtokon WPA3 Kak Hambonee 3GPEKTUBHbLIA C TOYKM 3pPEHUS
COOTHOLWeHMA 6e30MacHOCTM M NPOU3BOANTENBHOCTMU.

2. ONTMMM3MPOBATb KOHOUIYPaALMIO MEXKCETEBbIX 3IKPAHOB M CUCTEM OOHapyKeHua
BTOP!KEeHWUM (IDS/IPS) ANA CHUNKEHMS BAMAHUA HA CKOPOCTb 06paboTKM TpadumKa.

3. MpumeHATb BaNaHCMPOBKY HArpy3kM M NONUTUKM KavecTBa obcnyxmnBaHma (QoS) ana
NPMOPUTM3ALMN KPUTUYECKM BaXKHbIX MOTOKOB aHHbIX.

4. PerynapHo 0OHOBIATL MPOrpamMmmMmHoe obecrnedyeHme n NPOLLIMBKU CETEBbLIX YCTPOMCTB.

5. MpoBoAMTb CErmeHTaumio CeTu ANA OrpaHuyYeHns o61acTM NPUMEHEHUs Mep
6e30MacHOCTM M CHUMKEHMA UX BO3AENCTBMA Ha 06WMi Tpadmk.
3aknioueHue

B pamMKax gaHHOro nccnefosaHua paspaboTtaHa n anpobuposBaHa CMCTEMA MOHUTOPUHTA
NPOV3BOAMTENBHOCTM CeTW, obecneymBaloLllan OTCNEXMBaAHME BAMAHMA Mep He30macHOCTM B
peXnme peanbHOro BpemeHu. JKCNEPUMEHTANIbHO YCTAHOBIEHO, YTO BHEAPEHME COBPEMEHHbIX
MeTOAO0B WKOPOBAHMA COMPOBOXKAAETCA YMEPEHHbIM CHUXEHWMEM NPOU3BOAUTENbHOCTU —
nopsaaka 20% no cKOpocTU nepefayn AaHHbIX M 5 MC Mo 3aZeprKKe, — OAHAKO CyLLEeCTBEHHO
NOBbIWAET 3aWMLLEHHOCTb MHOPACTPYKTYPSbI.

MpMMeHeHWe  KOMNAEeKCHOro  noaxogda K  obecneveHuto  6e3onacHOCTM U
NPOW3BOANTENBHOCTM CETM, OCHOBAHHOIO Ha HEMPepPbIBHOM MOHWTOPWHIE, aHanun3e AaHHbIX U
CBOEBPEMEHHOM ONTUMM3aUMM  KOHOUTYpaLMKM, MNO3BONAET OpraHM3auMam noaAepKMBaTb
3bdEKTUBHYIO M 3aLUMLLEHHYIO PaboTy MHPOPMALIMOHHbBIX cnucTem. anbHenwmne nccneaoBaHms
LenecoobpasHoO HanpPaBMTb Ha M3yYeHMe NPUMEHEHMA TEXHOOTNIA UCKYCCTBEHHOTO UHTENNEKTa
ANA NPeANKTUBHOIO OOHaPYKEHMA Yrpo3 M aBTOMATM3alL MM yNpaBaeHMA NPOU3BOANTENbHOCTbIO.
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Abstract— In the face of growing cyber threats, protecting critical infrastructure is becoming a
priority. This article presents a conceptual model of cybersecurity based on the principle of
security on demand. The model divides the data processing process into three domains —
transmission, processing, and storage, which allows for the implementation of adaptive protection
mechanisms. The work provides methods for managing security parameters, the use of
cryptographic hash functions, and integration with the Security Operations Center (SOC). In
addition, the possibilities of using machine learning and digital twins to predict attacks and
optimize cyber defense strategies are analyzed. The proposed model provides flexibility,
scalability, and automatic adaptation to changing threats. In addition, a simple simulation using
RandomForest was also created. In the future, we will add artificial intelligence and test its
resistance to each attack.

Keywords—critical infrastructure protection; cryptosecurity; Al; conceptual model

INTRODUCTION

In recent years, many systems have been digitized. Even in critical government
infrastructures, processes have become increasingly dependent on information and
communication technology, as it can manage a significant part of the organization's core business.

ICT is the combination of telecommunications and high-complexity computing. Due to the
increase in speed and efficiency, many important business services have moved to Internet-
dependent technologies. The Internet is helping to streamline all businesses. Examples include
online video conferencing, online store catalogs, etc.

In addition to increasing the value of Internet services, enterprises and government
agencies are also faced with the need to provide information services on demand. As the world
becomes more dependent on the Internet, information is moving out of the control of its owner
and is exposed to unprecedented cyberattacks. Security systems based on traditional tools are no
longer sufficient. There are three important areas of information and communication systems.
Cybersecurity measures must be in place in all three areas. Figure 1 shows information processes
and the cybersecurity elements they require.

+ Mechanisms are needed to protect data stored
in cloud systems or storage devices.

+ Information must be protected during the
processing phase.

+ Information must be protected at the service or
transmission level.

Figure 1. Information processes
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Many organizations today depend on complex and interconnected communication
systems. These systems are closely related to physical and human factors, which makes them
difficult to manage. No complex system can rely solely on physical or technical aspects. Human
factors (social engineering) play a crucial role in the continuous operation and maintenance of any
complex system. This article presents an analysis of potential threats to critical information
infrastructure through ICT services. In addition, a theoretical model of security on demand is
developed and threats to business-oriented infrastructures are identified. The proposed method
is based on a mathematical model integrated with security policies.

FUNDAMENTALS OF CRITICAL INFRASTRUCTURE PROTECTION
Critical infrastructure protection

Almost all technical systems that are essential for the normal functioning of our daily lives
are included in the critical government infrastructure. In particular, these include finance, energy,
food supply, healthcare, water resources, transport, telecommunications, education and other
sectors[1].

These infrastructures are dependent to a greater or lesser extent on critical information
infrastructures. Information systems and communication tools play a very important role in the
uninterrupted operation of these infrastructures. Connecting critical infrastructures to the
Internet provides the following advantages:

e Reducing costs: allows remote management of large systems.

e Increasing system capabilities: provides sufficient computing resources for low-power
hardware.

e Increasing efficiency: increases transaction speed.

However, cyberattacks are increasingly being carried out on infrastructures based on such
technological capabilities. Cyberattacks pose a great threat to national information systems and
critical infrastructures. In recent years, the number of such attacks has increased, and their
complexity has increased. These attacks are widespread due to the interdependence of
infrastructures, leading to the failure of important services. The interconnectedness of critical
infrastructures makes them vulnerable to cyberattacks. The goal of many cyberattacks is to
manipulate IS systems. Such attacks can be carried out in various ways, and distributed denial of
service (DDoS) attacks and zero-day attacks have become a common method today.

For example, a failure in communication technologies can affect the entire national
economy, starting from the level of an individual business. The failure of infrastructures in the oil
and gas, energy or healthcare sectors has a direct impact on other sectors.

Attacks on critical infrastructure

There have been several attacks in history that have threatened critical infrastructures.
Attacks targeting SCADA (Supervisory Control and Data Acquisition) systems have directly
threatened many companies and government organizations.

DDoS attack on US banks: Several banks in the US were attacked with DDoS attacks, which
allowed hackers to steal millions of dollars. Modern approaches to assessment take into account
innovations in the field of cyberattacks and apply advanced technologies to improve the level of
security[2]. According to ENISA’s 2023 Cyber Attack Data, healthcare data and service availability
have been the target of numerous attacks over the years[3]. In 2022, a US-based professional
financial services company suffered a data breach involving 650 healthcare organization patients.
In 2020, SolarWinds’ Orion platform was targeted, specifically its software update versions 2019.4
Patch 5, 2022.2 Unpatched, and 2022.2 Patch. Other attacks against power grids have targeted
components in both the cyber and physical domains, as shown. The platform is a tool used by IT
professionals and government organizations[4]. In 2019, various attacks were carried out
targeting oil and gas facilities in the Middle East[5]. Additionally, in 2021, Norway's water
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treatment infrastructure fell victim to ransomware known as Ryuk, where attackers encrypted
company files and demanded a substantial ransom [6]. Furthermore, Advanced Persistent Threats
continue to pose serious risks identified by FireEye researchers in 2017. This group specifically
targeted government institutions and financial, energy, chemical, and telecommunications sectors
across the Middle East [7]. Attacks on such critical infrastructures have become increasingly
frequent. NASDAQ stock market crash: A computer glitch in the Dow Jones industrial average
caused a drop in prices on stock exchanges around the world.

Such attacks also pose a threat to government information infrastructure. Failure to ensure
the security of government data can lead to the weakening of entire government systems.

A CYBERSECURITY MODEL
Conceptual model

Cybersecurity model
Configure: System Default (x1), User

Configure (x2), Security admin (x3)
Terminal

Policy type: access, encryption,
audit. Arteficial Intelligence

Charging

Data processing areas:
transmission, processing, storage

Figure 2. A cybersecurity model

Figure 2 shows how a conceptual security model can be implemented in a

telecommunications environment using an ICT-based on-demand security model.

Let the vectors be a set of security units:

D, is the set of security units for the data transmission domain, D, is the set of security units for
the data processing domain, D3 is the set of security units for the data storage domain.

These sets are subsets of the set D: D; € D, D, € D, where D4, D,, D3 are the vectors of
security parameters for the three domains mentioned above. The vector of security parameters is
expressed as: Dq(x1, X2, X3), where: x; is the service type, X, is the data location, xs is the security
level. The on-demand security for ICT-based telecommunications services is calculated using the
following formula:

D, x D, x D, (1)

where x is the operator for unifying security solutions for the three domains. The security units in
Si include security functions such as encryption, authentication, and integration. These functions
are implemented in the ICT platform during the research and development (R&D) phase. Mi are
security assessment models that should be used in the Security Management Center. In the
proposed model, two parameters need to be configured: Security location (x,) and service type
(x1) are set by the security administrator. Security requirement (xs) is determined based on the
user’s needs. After the ICT platform and service are selected, the parameters x; and x, remain
static, while the parameter xs is changed based on the user’s requirements.

Advantages of the security domain model: Easy configuration — only three parameters (xs,
X,, X3) need to be configured, which simplifies the management of the entire system.
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Domain independence — each domain develops its own security policy, so if one domain is
changed, it does not affect the others. Easy implementation of security technologies — since it is
based on a security policy model, it allows you to easily develop security modules. At the same
time, existing networks, services and data storage devices are used, and only an interface for
configuring policies is added. Feedback with the cost accounting center — the results of security
policy execution can be provided to the cost accounting center, which allows you to provide
security services on demand.

Example of using the model

Alice is working in an Internet cafe. Bob and George are working in an office. Alice makes
a video call with Bob and starts a text chat with George to discuss a secret strategy. The video
conferencing server selects a security mechanism for each participant based on the following data:

Location (determined by IP address), Type of service,

The security level selected by the user. Since Alice is in an Internet cafe, her authentication is more
stringent (password and USB key), while for Bob and George only a password is sufficient. Due to
the high level of confidentiality, at least 256-bit AES encryption algorithm is used for all
participants. To ensure fast operation, data integrity protection between Alice and Bob is disabled,
but remains enabled to prevent text messages between Alice and George from being modified.

The proposed on-demand security model can be expanded and adapted for use in various
ICT environments. In particular, the following areas of improvement can be considered:automatic
selection of security parameters.

In the current model, some parameters (x; and x,) are set manually by the security
administrator, while parameter xs is defined by the user. However, it is possible to introduce a
mechanism for automatically selecting the security configuration: Machine learning that analyzes
the type of traffic, user actions and the context of use, Real-time contextual analysis of threats,
Dynamic updating of security policies based on current data, Integration with cloud services and
artificial intelligence can also be used. Cloud solutions, which are widely used in modern ICT
systems, require flexible and adaptive protection. The expanded version of the model includes:
support for multi-cloud environments, automatic adaptation of policies depending on the
infrastructure and services, advanced access control and encryption mechanisms for distributed
data.

Now let's prototype the theoretical example described above in a practical way (Listing 1).
This code fragment is designed to train a model that predicts the security level based on features
such as the user's location, device, service, communication type, and time of day. The variables
are first converted to numerical values (Label Encoding). Then, the model is trained using the
RandomForestClassifier algorithm.

# Npeobpasyem
df = pd.DataFrame(data)
"Location™] = df["Location"].map(location_map)
v "] = df["Device"]. (device_map)
rviceType"] = df["ServiceType"].map(service_map)
df["CommunicationType"] = df["CommunicationType"].map(communication_map)
df["TimeOfDay"] = df["TimeOfDay"].map(time_map)
df["Securitylevel”] = df["SecuritylLevel”].map(level_map)

X = df[["Location", "Device", "ServiceType", "CommunicationType", “TimeOfDay"]]
y = df["Securitylevel™]
# Obyqaem

model = RandomForestClassifier(n_estimators=100)
model.fit(X, y)

Listing 1. Train model
This code fragment shows the main route of the Flask server(listing 2). The user selects an

HTML form to receive information about the service, communication type, and location. In
addition, the server automatically calculates the device type (User-Agent) and the current time.
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Based on these parameters, the system creates a numerical vector and feeds it into the trained
model. As a result, the security level is predicted and displayed on the HTML page.

# OnpepenseM Tun yCTpoicTsa
ua = request.headers.get( 'User-Agent') or ""
device = "Mobile" if any(x in ua for x in ["Mobile"”, "Android"”, "iPhone"]) else "Desktop"
# Bpema CyToK
hour = datetime.now().hour
if 6 <= hour < 12:
time_of_day = "Morning"
elif 12 <= hour < 18:
time_of_day = "Afternoon”
else:
time_of_day = "Night"

Listing 2. The main logic of a Flask

Listing 3 visually displays the security level result received from the Flask server. The result
is presented to the user as "Low", "Medium", or "High". This component simply illustrates the

system's reasoning.
<body>
<div class="result-box">
<h2>PekomMeHAOBaHHbIN ypoBeHb 6e3onacHocTu</h2>
<p>AnA ebibpaHHbIX NapaMeTpoB YpOBeHb 3auuTwi:</p>
<p><strong>{{ level }}</strong></p>
<br>
<a href="/">« BepHyTbCA K ¢opme</a>
</div>
</bodv>
Listing 4. Output the prediction result (result.html)
Bbi6op napameTpoB AocTyna

Tun cepsuca:

Email v

Bua KoMmmyHMKaumm:

[ Video v]

Jlokauus:

Office v

OnpegenuTb ypoBeHb He3onacHocTu

Figure 3. The interface of model

This is just an example implementation. In fact, there is a lot of work ahead. By adding
generative artificial intelligence, we can automatically determine the geolocation of the user by
their IP address. Using artificial intelligence, we will perform cryptographic operations and
determine in real time whether an attack has been committed.

This model can be adapted to protect the following critical infrastructure facilities: energy
networks, transport systems, government information systems. In this case, the following factors
should be taken into account:

e Compliance with strict regulatory standards,

e Low decision-making latency in the event of cyberattacks,
e High reliability of security solutions.

e Development of security effectiveness assessment metrics

To objectively assess the effectiveness of the model, the following metrics can be
developed: threat response time, system performance at different security levels, number of
attacks prevented, level of compliance with user requirements. Digital twins can be used as a tool
for testing and optimizing the model. This provides the following capabilities: Simulation of
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potential attacks and testing response scenarios, Determination of optimal security parameters,
Increase in system stability without testing in a real environment.

Offered information about the safety of data processing and transmission

SHA (Safe Hashing Algorithms) is a family of cryptographic hash functions capable of
accepting messages of any length and calculating a unique hash code of a fixed length. Hash code
SHA can be used to check the integrity of the message, as well as to generate a digital signature
of the message.

Two common examples of hash functions are Secure Hash Algorithm (SHA), most
commonly SHA-1, and Message-Digest Algorithm 5. SHA-1 is used in many common security
systems, including SSL, TLS, S/MIME, and IPSec. MD5 is used to create a digital fingerprint, which
is used to verify the integrity of files.

Symmetric encryption works quickly, but key exchange is a problem. Asymmetric
encryption provides more opportunities from the point of view of security, but it works slowly.
Solution: combine them into a hybrid system. This is how cryptosystems based on digital
certificates work, which are widely used for e-mail, instant messaging and SSL/TLS web traffic.

To process and transfer information between three parties (Alice in the cafe, Bob in the
office and George in the office), where the cryptographic system uses a hash function.

The hash function H converts a long text P into a shorter value H(P). For example, if P has
a length of 1245 bits, then H(P) can be only 124 bits. Thus, H(.) is a multivalued function, that is,
different texts P can give the same value H(P).

The hash function must be difficult to calculate for the pseudo-inverse transformation.
That is, having the value M, it is extremely difficult to select the text P', such that H(P') = M.
Depending on the field of application, additional properties may be required:

Property 1: Having both P and H(P), it should be difficult to find P' # P such that H(P') =
H(P). This condition is more strict than the previous one, since the knowledge of P can facilitate
the search for P'.

Property 2: It should be difficult to find two different strings P and P' such that H(P) = H(P").

Property 3: If P is known, but string K is unknown, it should be difficult to find P' # P, such
that H(KP') = H(KP), where KP denotes the concatenation of strings K and P (for example, 10011
011101 =10011011101).

Hash functions are primarily used to generate fixed-length data that serves as a shortened
reference to the original data. This is useful when the source data is too large for immediate use.

One of the practical examples is a hash table in which data is stored in an associative
structure. For example, the search for a name in the list can be slow, but the hash value allows
you to quickly find a link to the original data and extract it in a constant time (in the absence of
collisions).

Using Al in the model

Generative artificial intelligence can also contribute to improving cybersecurity. The
authentication and security policies mentioned in the conceptual model can be created using Al
& machine learning. Figure 3 shows a diagram of the use of Al. The Al can select the authentication
and encryption system according to the location of each user.
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Instruction Datasot
GPT, Gemini, PaLM 2, Llama 2,
Claude 2, Falcon, Mixtral

8x7B...otc Below is an instruction that describes a task, paired
a0 G with an input that provides further context. Write a
response that appropriately completes the request.

#4## Instruction
Pre-trained LLM, fnst ) > Flm—lum:‘ LLm
models v v mod
y #42 Input
N y {input)

#it# Response:

Instruction:
Determine the authentication type based on the user's
location and assign the appropriate security policy

Figure 3. Conceptual model with Al

The introduction of artificial intelligence and machine learning (ML) into cybersecurity is a
significant step in combating sophisticated cyberattacks. As these technologies become an
important part of security systems, there is a need for strategic oversight of their operation. Such
oversight should be aimed at maintaining a balance between maximizing the potential of Al
capabilities and ensuring compliance with ethical standards.

Effective oversight mechanisms may include: rigorous testing periods, continuous
monitoring of Al behavior, development of structures that ensure accountability for Al decisions.

The future of Al in cybersecurity depends on research aimed at expanding the capabilities
of current technologies, as well as overcoming their limitations. Promising research areas include:
Autonomous response systems - the development of Al systems that can not only detect threats,
but also respond automatically in real time, which minimizes the need for human intervention.

Defense against Al - the study of methods for combating situations in which cybercriminals
use Al technologies to bypass security systems.

Privacy-preserving technologies — ensuring the confidentiality of user data in Al systems using
techniques such as collaborative learning and differential privacy.

Despite the advantages of introducing Al into cybersecurity, several important issues
remain:

Data confidentiality — Al systems require large amounts of data to function effectively, so
ensuring their security is one of the main tasks.

Continuous learning and adaptation — Al models must be constantly updated and adapted
to new threats. This is necessary to maintain the fairness of the learning process and prevent
systems from becoming obsolete.

Threat of manipulation — there is a risk that experienced cyber attackers will bypass or distort Al-
based security systems. Therefore, it is necessary to develop reliable systems that can detect and
prevent such actions.

Addressing these issues requires a balanced approach between promoting technological
innovation and strict adherence to ethical standards and security practices. Collaboration between
academia, industry, and government organizations can contribute to the development of
standards and best practices that govern the ethical use of Al in cybersecurity.

By focusing on these strategic directions, the cybersecurity community can responsibly and
effectively leverage the capabilities of Al, enabling a secure digital future.

CONCLUSION

As the world becomes more and more encrypted, countries are actively developing cyber
defense measures and policies. Although the importance of critical information infrastructure (Cll)
is currently very high, there are no reliable tools to fully protect it.

The solution proposed in this paper focuses on the use of hashing techniques. It is not
limited to the threat prevention stage (for example, data storage and authentication), but also
applies to the data processing and transmission stages. Future research will be focused on
improving hash functions to avoid collisions,.using reliable hash keys based on additional
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parameters (biometric data, passwords, IP addresses, etc.), and using elements of artificial

intelligence and machine learning.

In addition, the article presents a conceptual model of security divided into domains, which has

four main advantages:

Ease of implementation: Only three parameters (service type, data location, and security
level) need to be configured, which simplifies management.

Domain Independence: The policies of each security domain are developed separately,
which allows changes to be made without affecting each other.

Scalability and Flexibility: The implementation of security technologies is carried out
through policy models, which allows for easy integration of new security modules into existing
networks, services, and storage systems.

Feedback and Cost Accounting: The results of policy execution can be provided to a cost
accounting center, which allows for the provision of security services on-demand.

Thus, this work contributes to improving the protection of critical infrastructure in the face
of ever-increasing cyber threats.
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Abstract. Conventional education treats fear as an obstacle to learning and works to remove it.
Yet research on emotional memory and recreational horror suggests the opposite may hold under
controlled conditions: moderate, narratively framed fear can sharpen attention, strengthen
memory consolidation, and serve as low-stakes practice for emotional regulation. This paper asks
how augmented and virtual reality (AR/VR) can be designed to harness controlled fear for
educational ends, with cultural heritage delivered through folk-legend narrative as the content.
Using a structured synthesis of peer-reviewed work across four domains—the psychology of fear
and memory, recreational horror as threat simulation, immersive learning theory, and serious
games for heritage—the paper derives a conceptual framework, Darkness That Teaches, that links
folk-legend narrative, immersive presence and agency, a calibrated fear-arousal window, and
affective—cognitive learning processes to three target outcomes: cultural-heritage knowledge,
emotional-regulation skill, and durable retention. The framework is operationalised as a design
model with an Al-driven arousal-calibration loop that keeps each learner inside an optimal-fear
window. The contribution is conceptual: it addresses the standard objection that fear impairs
cognition, formulates testable design principles and hypotheses, and sets out an empirical agenda
rather than reporting a trial. The intersection of folk-legend horror, AR/VR immersion, and formal
learning outcomes is, to the authors’ knowledge, not yet addressed in the literature.

Keywords: augmented reality; virtual reality; fear-based learning; recreational horror; emotional
regulation; immersive learning; folk legend; serious games; cultural heritage.

1. Introduction

Fear is one of the oldest and most consequential human emotions. At the level of mechanism it
recruits the amygdala, narrows and intensifies attention, and modulates the consolidation of
memory, so that emotionally arousing events are typically remembered better and longer than
neutral ones [2]. Education has tended to read this relationship in only one direction: fear is
anxiety, anxiety impairs performance, and the classroom should therefore be made as
unthreatening as possible. The premise of this paper is that the relationship is not monotonic. The
classical arousal—-performance account [1] describes an inverted-U: performance rises with
arousal up to an optimum and falls beyond it. Read through that account, the design question is
not whether to exclude fear but how to hold it inside a productive band (Figure 1).
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Figure 1. The reframe at the heart of this paper. Education usually assumes fear is monotonically
harmful (top); the inverted-U and recreational-horror evidence imply that bounded, safely framed
fear can instead enhance learning (bottom).

Two lines of evidence make that question more than rhetorical. First, work on recreational
horror
shows that people deliberately seek frightening experiences and derive the most enjoyment when
fear is intense enough to register physiologically but not so intense as to overwhelm—an
empirically located “sweet spot” of fear [3]. Second, engagement with frightening fiction appears
to function as rehearsal: horror fans and morbidly curious individuals reported greater
psychological resilience during the COVID-19 pandemic, consistent with the view that frightening
fictions let audiences practise coping strategies in safety [4, 5]. If fear can be both bounded and
generative, then a medium that can stage it precisely becomes educationally interesting.

AR and VR are such a medium. Immersive learning theory holds that the two affordances
unique to immersive technology—presence and agency—drive a set of affective and cognitive
factors (interest, motivation, self-efficacy, embodiment, cognitive load, self-regulation) that in
turn shape learning outcomes [6]. Because immersive presence produces autonomic responses
comparable to real situations while the learner retains awareness of the fictional frame, AR/VR is
unusually well suited to delivering controlled fear. A recent pedagogical experiment found that VR
horror evoked significantly stronger fear and related emotions than equivalent screen-based
horror, and that participants reported it helped them learn to manage stress and negative emotion
(8].

The content vehicle proposed here is folk legend. Serious games are an established route to
cultural-heritage learning, turning historical and sociological content into engaging interaction [9].
Folk legend is a natural fit for horror: it already encodes a culture’s fears, taboos, and moral lessons
in narrative form. What is missing is the synthesis. No prior work, to the authors’ knowledge,
examines AR/VR horror grounded in folk-legend narrative as a deliberate medium for formal
learning outcomes. This paper sets out to close that gap conceptually.

Aim. To formulate and justify a conceptual framework for fear-based learning in AR/VR that uses
folk-legend horror as its content vehicle, and to translate it into actionable design principles.

Obijectives.

1. synthesise evidence across the psychology of fear, recreational horror, immersive learning,
and serious games for heritage;

2. identify the mechanism by which bounded fear can support rather than impair learning;

3 derive a framework linking narrative, immersion, fear arousal, and learning outcomes;
4.  specify a design model, including arousal calibration, and a set of design principles;
5 state the ethical constraints and the empirical agenda needed to test the framework.

This work is situated within a dissertation project developing a horror-genre educational game
in Unity 3D based on a folk legend of an abandoned house in the Medeu gorge near Almaty,
Kazakhstan —a mountain site of considerable local significance. The present paper is its
theoretical foundation; the game itself serves throughout as the running illustrative case.
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2. Literature review

This section synthesises the evidence the framework rests on, organised by the four domains
introduced above. The criteria by which these sources were selected, and the design-science
procedure used to build on them, are set out in Section 3.

2.1 Fear, arousal, and memory

Emotional arousal modulates memory at encoding and consolidation: events that engage the
amygdala are preferentially retained, which is why emotionally charged material is remembered
more vividly and durably than neutral material [2]. Arousal is not, however, simply “more is
better.” The arousal—performance relationship is an inverted-U [1]: there is an optimum beyond
which

additional arousal degrades performance, and the location of that optimum depends on task and
individual. For design, the implication is precise—the goal is to place each learner near the top of
the curve, not to maximise fear.

2.2 Recreational horror as threat simulation

People voluntarily pay to be frightened, which is paradoxical unless fear under safe conditions
carries a benefit. Field research in a haunted attraction located a sweet spot at which a clear
physiological fear response coincides with maximal enjoyment, with the boundary between fun
and distress varying between individuals [3]. Complementary survey work links horror fandom and
trait morbid curiosity to psychological resilience, supporting a threat-simulation account in which
frightening fiction is rehearsal for real adversity [4, 5]. Together these results convert “fear” from
a hazard into a designable, individually calibrated resource.

2.3 Immersive learning: presence, agency, and affect

The Cognitive Affective Model of Immersive Learning (CAMIL) holds that immersive technology’s
two distinctive affordances—presence and agency—activate affective and cognitive factors
(interest, intrinsic motivation, self-efficacy, embodiment, cognitive load, and self-regulation) that
mediate learning in immersive VR [6]. This matters here for two reasons. First, it gives a principled
account of why immersion changes learning rather than merely asserting that it does. Second, the
same presence that produces learning also produces genuine autonomic fear while the fictional
frame is preserved—exactly the combination needed for safe, generative fear. Empirically, VR
horror has been shown to elicit stronger fear than screen-based horror and to be perceived as
supporting emotional-regulation skill [8]. Crucially, CAMIL treats immersion as a continuum rather
than a binary: findings from less immersive media are expected to generalise along it, with
presence rising as the medium becomes more immersive [6] (Figure 2). A screen-based 3D game
therefore already sits on the immersive spectrum; head-mounted VR is its higher-presence
extreme.

text/ screen 360°/ head-mounted
imagc 3D game mobile VR

& . . &
. 4 . 4 . 4 . 4

Y

this study’s case . Y : . future work
increasing presence & sensory immersion ’

Figure 2. Immersion as a continuum (after CAMIL [6]). Presence rises from left to right; a screen-
based 3D horror game and full VR are points on the same spectrum.

2.4 Serious games, heritage, and folk legend

Serious games are a validated medium for cultural-heritage education, embedding historical and
sociological content in interactive experience [9]. Folk legend is a particularly apt payload: it is
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narrative by construction, it carries a community’s history and values, and its recurring motifs are
frequently fearful. Pairing heritage content with horror is therefore not a gimmick but an
alignment between the affective grammar of the genre and the affective content of the source
material.

2.5 Synthesis

Table 1 consolidates the reviewed evidence and states, for each source, the specific claim the
framework relies on. Read together, the rows form a chain: arousal aids memory within an
optimum; fear can be held at that optimum and is enjoyable and rehearsal-like there; immersion
amplifies the affective route to learning; and serious games can carry heritage content.

3. Methodology

This is a conceptual, design-oriented study; it does not report an empirical trial. It combines the
structured literature synthesis presented in Section 2 with a design-science derivation of a
framework

Table 1. Evidence synthesis: the claim each source contributes to the framework.

Source Domain Claim used in the framework

Yerkes & Dodson  Arousal &
1] performance

LaBar & Cabeza

An arousal optimum exists; performance follows
an inverted-U and falls under over-arousal.

Emotion & Emotional arousal strengthens memory encoding

12] memory and consolidation.

Andersen et al. |[3] Recreational An empirical “sweet spot” of enjoyable fear exists
horror and varies between individuals.

Scrivner et al. Horror & Engagement with frightening fiction is linked to

14, 5] resilience resilience (threat simulation).

Makransky & Immersive Presence and agency drive the affective—cognitive

Petersen [6] learning factors behind learning.

VR horror raises fear vs. screen-based horror and
is perceived to support regulation.

Wojciechowski [8] VR horror

Mortaraet al. |9]  Serious games &  Serious games are an effective vehicle for

heritage cultural-heritage content.

(Section 4)—moving from established findings to design principles to a proposed artefact. This
section sets out how the reviewed sources were selected and how the framework was derived
from them. Design-science reasoning is appropriate because the intended contribution is an
artefact—a framework and an associated design—rather than an empirical estimate; its validity
therefore rests on the soundness of the mechanisms it chains together and on whether it yields
falsifiable predictions, both of which are examined in the Discussion.

Peer-reviewed sources were sought in Scopus, Web of Science, and Google Scholar using
combinations of the terms immersive learning, VR/AR education, psychology of fear, recreational
horror, emotion requlation, and serious games heritage. Sources were retained when they (a) were
peer-reviewed; (b) bore directly on one of the four domains reviewed in Section 2; and (c) were
either foundational (for theory) or recent (for the state of the art). The review is narrative and

193



I Proceedings of the 13th International Scientific Conference

thematic rather than an exhaustive systematic review in the PRISMA sense; its purpose is to
assemble the mechanisms needed to build a framework, not to estimate a pooled effect size.
Figure 3 summarises the selection process and the four analytical domains feeding framework

derivation.
Identification Screening: Retained:
via Scopus, WoS, peer-reviewed, foundational +
Google Scholar on-domain state-of-the-art
r 1 [ [ . | =
Fear & Recreational Immersive Serious games
memory _ horror learning ‘ & heritage

& A i a“—
Phase 2: framework derivation
(design-science synthesis)

Figure 3. Source-selection process and the four analytical domains feeding framework derivation.

4. Results: the Darkness That Teaches framework

4.1 Structure

Synthesising the four domains yields a five-layer framework (Figure 4). A folk-legend narrative
supplies meaning, safety framing, and cultural content. AR/VR immersion converts that narrative
into presence and agency. Presence drives a controlled fear arousal held within an optimal
window. That arousal feeds the CAMIL affective—cognitive factors, which produce three outcomes:
cultural- heritage knowledge, emotional-regulation skill, and durable retention. Read left to right,
each layer is the documented cause of the next; the framework is thus a chain of established
mechanisms rather than a single untested claim.

Narrative ‘ Immersion Fear arousal A“e:i(tli‘:: 0““.-‘0"“3
folk legend, | presence, optimal c((:g il L5 hcnltagc,
safety frame r agency e “A regulation,

‘ factors retention

meaning + safety CAMIL [6] inverted-U [1] mediation learning gains

Figure 4. The five-layer Darkness That Teaches framework. Each layer is the documented
antecedent of the next; bracketed numbers indicate the supporting source.

4.2 The optimal-fear window

The framework’s pivot is the third layer. The inverted-U [1] and the recreational “sweet spot” [3]
jointly imply a band of fear arousal within which engagement, attention, and encoding are
enhanced, flanked by an under-aroused region (boredom, low encoding) and an over-aroused
region (distress, avoidance, impaired performance). Figure 5 makes the design target explicit: the
system should drive each learner toward the shaded band and keep them there.

|Il
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optimal window

over-aroused:

Learning / engagement

Fear arousal

Figure 5. The optimal-fear window: an inverted-U relationship between fear arousal and learning,
with the design-target band shaded. After [1] and [3].

4.3 Design model: Al-driven arousal calibration

Because the window’s location varies by learner [3], a single fixed intensity will over-frighten some
and bore others. The framework therefore includes a closed-loop calibration mechanism (Figure
6). The player’s affective state is estimated—from self-report and, where available, physiological
signals such as heart-rate variability—and classified relative to the optimal window. A controller
then adjusts scene intensity (pacing, proximity of threat, audio, lighting) to nudge arousal back
toward the band. The loop instantiates the safety frame in software: it is the mechanism that
keepfear generative rather than harmful.

keep within band

AR/VR scene (?lassifx VS.
(intensity) optimal window
‘ & adjust
! {
Player : Sense:
experience > self-report +
physiology

arousal estimate
Figure 6. Closed-loop fear calibration: the system continuously steers each learner toward the
optimal-fear window.

4.4 Mapping legend to learning objectives

Heritage learning requires that narrative elements carry explicit objectives. Table 2 applies this
rule to the running case—the legend of an abandoned house in the Medeu gorge—so that every
frightening beat also teaches something. The entries describe the design and the general didactic
function of cautionary folk legend; the specific narrative content is supplied by the game.
Designers working from a different legend adapt the same four-way mapping.
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Table 2. Worked example: mapping elements of the Medeu abandoned-house legend to learning
objectives. Specific narrative content is supplied by the game.

Legend element Fear / horror function Learning objective

Abandoned house  Primary locus of dread; Geography and recent

in the Medeu gorge isolation and decay history of the Medeu
mountain area near Almaty

The legend’s Unpredictable threat and The cautionary, moral

haunting presence  pursuit (Al-driven) function of oral folk legend

Transgression The consequence the player Social norms and warmnings

(disturbing the comes to fear such legends transmit

house)

Period artefacts in  Investigative interaction Material culture and

the house under tension everyday life of the period

4.5 Design principles

The framework yields six principles:

Frame for safety. Make fictionality and survivability salient so arousal stays generative [3].
Calibrate, don’t maximise. Target the optimal window per learner, not peak fear [1].

Bind fear to content. Every scare should deliver a heritage objective (Table 2) [9].

Exploit presence and agency.Use the affordances that actually drive immersive learning([6].
Build in regulation practice. Provide moments to appraise and down-regulate fear, making
coping an explicit skill [4].

6. Make exit costless. A always-available, non-penalising way out is both an ethical and a
calibration requirement.

AR A A

5. Discussion

5.1 Implications

The framework reframes a long-standing assumption. Rather than asking how to remove fear from
learning, it asks how to place fear precisely, and it grounds that placement in independently
established mechanisms: emotional modulation of memory [2], the arousal optimum [1], the
recreational sweet spot [3], threat-simulation resilience [4], and the presence/agency pathway of
immersive learning [6]. Its novelty is the integration plus the heritage payload: folk legend as a
horror medium for formal learning.

5.2 When fear impairs: boundary conditions

The framework must answer the obvious objection that fear and anxiety routinely impair
cognition. The objection is correct—but only about the wrong side of the curve. The inverted-U
[1] predicts impairment precisely when arousal exceeds the optimum, and the recreational
evidence shows the same: beyond the sweet spot, fear stops being enjoyable and becomes
distress [3]. The framework does not deny this; it is built around it. Three boundary conditions
follow. (i) Intensity: benefits hold only inside the optimal window, which is exactly why calibration
(Figure 6) is central rather than optional. (ii) Framing: the same arousal is generative under a
salient safety frame and harmful without one—fear must be recognisably fictional and survivable
[3]. (iii) Individual differences: the window’s location varies, so a fixed intensity will over-arouse
some learners; for individuals with anxiety or trauma histories the productive window may be
narrow or absent, and for them the design should not be used. Stated this way, the apparent
contradiction dissolves: the framework claims a benefit for bounded, framed, calibrated fear, not
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for fear in general.

5.3 Ethical considerations

Deliberately inducing fear in learners carries obligations that a design must meet before it is
deployed. (i) Informed consent: participants must understand they will be frightened and agree in
advance. (ii) Costless exit: the always-available exit (Principle 6) is a safety requirement, not only a
feature. (iii) Individual differences: because the window varies, and because some learners have
trauma or anxiety histories, screening and per-learner calibration are mandatory; the same scene
that is optimal for one learner may be harmful for another. (iv) Minors: where learners are under
18, age-appropriate intensity ceilings, guardian consent, and supervision are required, and the
most intense configurations should be disabled. (v) Data: physiological sensing implies sensitive-
data handling and must follow applicable privacy rules. These constraints are part of the
framework, not caveats to it.

5.4 Limitations

The study is conceptual and reports no trial; the framework is a hypothesis to be tested, not a
validated result. Direct empirical evidence for VR horror as a learning tool is still thin, resting
substantially on a single recent experiment with a specific population [8]; much of the supporting
literature concerns immersive learning or recreational horror in general rather than their
intersection. The Al calibration loop assumes affect estimation that is reliable enough to steer
intensity safely, which current sensing does not guarantee. Finally, the folk-legend payload has not
been instantiated or evaluated.

5.5 Proposed empirical evaluation

The framework is valuable only if it is falsifiable. The natural test is a between-subjects experiment
delivering identical heritage content under three conditions: an immersive bounded-fear version
(the folk-legend horror game), an immersive neutral version (the same environment and content
without the horror framing), and a non-immersive version (the same material as text or slides).
This 2-by-2-style contrast lets the design separate the contribution of immersion (immersive vs.
non-immersive) from that of fear (fear vs. neutral), rather than confounding the two. Learners
would be screened for anxiety and trauma history, randomly assigned, and run under the
informed-consent, costless-exit, and supervision safeguards described above. Heritage-
knowledge acquisition would be measured immediately and after a delay (for example two weeks)
so that the design captures durable retention rather than short-term recall; emotional-regulation
skill would be assessed before and after with an established reappraisal measure; and presence
together with experienced arousal would be logged to confirm both that the conditions differed
as intended and that fear remained within the optimal window. Table 3 states the hypotheses that
follow and the measure attached to each. A first study should be modest and exploratory: its
purpose is to establish feasibility, safety, and the direction of any effect, not to deliver definitive
effect sizes.
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Table 3. Testable hypotheses derived from the framework, with the link tested and a candidate
measure.

Hypothesis Link tested Candidate
measure

HI Bounded-fear delivery yields better fear —» outcomes delayed
heritage-knowledge retention than a knowledge test
neutral version of the same content.

H2  Higher immersion amplifies the immersion > presence scale +
fear-to-retention effect relative to lower affect retention
immersion.

H3  Repeated calibrated exposure improves fear —» regulation pre/post

emotional-regulation skill. reappraisal
measure
H4  Per-learner calibration keeps more calibration loop arousal/distress +
learners in the optimal window than completion
fixed intensity, lowering distress and
dropout.

6. Conclusion

This paper set out to reframe a long-standing assumption in education—that fear is an obstacle
to be removed—and to show that, bounded and narratively framed, fear can instead be a resource
for learning. It did so in five steps. It synthesised four bodies of evidence (the psychology of fear
and memory, recreational horror as threat simulation, immersive-learning theory, and serious
games for heritage) into the Darkness That Teaches framework, a chain of established mechanisms
linking folk-legend narrative, immersive presence and agency, a calibrated fear-arousal window,
and affective—cognitive processing to three learning outcomes. It translated that framework into
a design model with per-learner arousal calibration and six concrete design principles. It
confronted the central objection—that fear impairs cognition—and resolved it through explicit
boundary conditions. And it set out the ethical constraints under which such a system may be
used, treating them as part of the framework rather than as afterthoughts.

The significance is twofold. For the learning sciences, the framework offers a precise,
mechanismbased account of when and why fear can aid rather than hinder learning, turning a
vague intuition into a set of testable claims. For cultural heritage, it proposes a route by which a
local folk tradition— here, the legend of the abandoned house in the Medeu gorge—can be
preserved and transmitted through a medium that young learners actively seek out rather than
endure. This matters particularly for contexts such as Kazakhstan, where a rich body of oral legend
risks fading from the attention of a screen-native generation; framing that heritage as horror
meets those learners on ground they already choose to occupy.

Even ahead of the empirical test, the framework is usable. Its six design principles give
developers of educational horror games a principled checklist—frame for safety, calibrate rather
than maximise, bind every scare to a learning objective, exploit presence and agency, build in
regulation practice, and keep exit costless—in place of intuition, and its ethical constraints make
explicit what such a design owes its players before it is deployed. The immediate next step is the
controlled study outlined above and in Table 3, measuring heritage-knowledge acquisition,
emotional-regulation development, and retention against immersive-neutral and non-immersive
controls, with the safety and consent procedures described. The wider claim—that “darkness” can
teach—remains a hypothesis; the contribution of this paper is to have made it a precise and
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falsifiable one.
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Paylanmis hesablama muhitinds Apache
Spark platformasinin tatbig imkanlari
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Xilasa

Muasir dovrda ragamsal texnologiyalarin inkisafi, internet xidmatlarinin genislanmasi va
mixtalif informasiya sistemlarinin faaliyyatinin artmasi naticasinda yaradilan malumatlarin hacmi
siratle coxalmagdadir. Boylk verilanlar (Big Data) adlandirilan bu malumatlarin emali ananavi
hesablama sistemlari Ggln ciddi ¢atinliklar yaradir va daha mahsuldar texnologiyalarin tatbigini
zoruri edir. Bu magsadla paylanmis hesablama muhitlari ve boylk verilanlarin paralel emalini
tamin edan platformalar genis istifads olunmaga baslanmisdir. Bela platformalar arasinda Apache
Spark yUksak mahsuldarhgi, operativ yaddas asasli islema mexanizmi va genis funksional imkanlari
ila xUsusi yer tutur. Apache Spark bdyik hacmli verilanlarin siratli emalina imkan vermakla yanasi,
real vaxt malumat axinlariin tahlili, masin éyranmasi va verilanlar analitikasi kimi sahalards da
genis tatbig olunur.

Magalada Apache Spark platformasinin nazari asaslari, arxitekturasi va is prinsipi
arasdiriimisdir. Spark ekosisteminin asas komponentlari, o ciimladan Spark SQL, Spark Streaming,
MLlib va GraphX modullarinin funksional imkanlari tahlil edilmisdir. Homginin platformanin boyik
verilanlarin analitikasi, kibertahlUkasizlik, dovlet informasiya sistemlari va masin dyranmasi
sahalarinda tatbig imkanlari giymatlandirilmisdir.

MUasir muassisalar va taskilatlar tarafindan boylk verilanlarin emali Ugln genis istifada
olunan Apache Spark platformasi mixtalif manbalardan daxil olan malumatlarin inteqrasiyasini va
operativ tahlilinitamin edir. Platformanin gcevik arxitekturasi fargli verilanlar formatlariila islamaya
imkan verir vo murakkab analitik tapsiriglarin yerina yetirilmasini asanlasdirir. Bu xUsusiyyatlar
Spark-in boylk verilanlar ekosisteminda mihim movgeya malik olmasina sarait yaradir.

Aparilan tahlillar gostarir ki, Apache Spark yiksak slrat, miqyaslana bilma va ceviklik kimi
Ustlnluklara malik olsa da, bdylk yaddas resurslarina olan talabat ve klaster idarsetmasinin
murakkabliyi kimi muayyan mahdudiyyatloar do mdévcuddur. Magalada bu problemlarin aradan
galdirilmasi istigamatinda muasir yanasmalar va platformanin galacak inkisaf perspektivieri da
nazardan kegirilmisdir.

Acar sozlar: Apache Spark, boyilk verilanlar, paylanmis hesablama, Spark SQL, Spark
Streaming, MLlib, verilanlar analitikasi.

Giris

Son illerds informasiya-kommunikasiya texnologiyalarinin slratli inkisafi naticasinda
yaradilan malumatlarin hacmi shamiyyastli deracads artmisdir. Sosial sebakalar, elektron ticarat
sistemlari, mobil tatbigler, sensor sabakalari va bulud texnologiyalari har gliin bdylik hacmda
malumat formalasdirir. Bu malumatlarin saxlanilmasi, emali va tahlili ananavi hesablama
sistemlarinin imkanlarini mahdudlasdirdigindan bdylik verilanlarin idars olunmasi muasir
informasiya texnologiyalarinin asas istigamatlarindan birina c¢evrilmisdir. Boylk verilanlarin
effektiv emall Gcln paylanmis hesablama muhitlarinin tatbigi zeruri hesab olunur. Bu yanasma
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malumatlarin bir ne¢a hesablama qovsagi arasinda bollusdirilarak paralel sakilda emal edilmasina
va hesablama resurslarindan daha semarali istifada olunmasina imkan yaradir [4].

Boylk verilanlarin emall sahasinda uzun middat Hadoop ve MapReduce texnologiyalari
genis istifada edilmisdir. Lakin malumatlarin disk asasli emali va iterativ hesablama proseslarinda
yaranan performans mahdudiyyatlari daha stratli platformalara ehtiyac yaratmisdir. Bu magsadla
Kaliforniya Universitetinin Berkeley AMPLab tadgigatcilari tarafindan Apache Spark platformasi
hazirlanmisdir. Spark operativ yaddas asasli hesablama yanasmasi sayasinda bdyuk verilanlarin
emal sUratini shamiyyatli deracada artirir vo muxtalif analitik tapsiriglarin daha semarali yerina
yetirilmasina imkan verir [1].

Hazirda Apache Spark boylk verilanlarin analitikasi, real vaxt malumat emali, masin
oyranmasi, maliyya sistemlari, dovlat informasiya sistemlari va kibertahlikasizlik kimi sahalards
genis tatbig olunur. Platformanin Spark SQL, Spark Streaming, MLlib va GraphX kimi modullari
onun muxtalif ndv verilanlarla islemasina va mirakkab analitik masalalarin hallina imkan yaradir
[3]. Bu xUsusiyyatlar Apache Spark-1 miasir paylanmis hesablama mdahitlarinin an genis istifada
olunan texnologiyalarindan birina ¢evirmisdir.

Bu magalanin magsadi Apache Spark platformasinin nazari asaslarini, arxitekturasini va
funksional imkanlarini arasdirmag, hamginin onun boyik verilanlarin emalindaki rolunu va tatbiq
sahalarini  tahlil etmakdir. Bununla vyanasi, platformanin asas xUsusiyyatlori, mdvcud
mahdudiyyatlari va galacak inkisaf perspektivlari da giymatlandirilmisdir.

Apache Spark platformasinin nazari asaslari

Apache Spark boyuk verilanlarin emal Ucln nazards tutulmus acig manbali paylanmis
hesablama platformasidir. Platforma ilk dafs Kaliforniya Universitetinin Berkeley AMPLab tadgigat
grupu tarafinden hazirlanmis va sonradan Apache Software Foundation tarafindan inkisaf
etdirilmisdir. Spark-in yaradilmasinda asas magsad movcud paylanmis hesablama sistemlarinds,
xUsusile MapReduce modelinde musahids olunan performans mahdudiyyatlarini aradan
galdirmaq va boyuk hacmli verilanlarin daha suratli emalini tamin etmak olmusdur [1].

Apache Spark-in asas farglendirici xtsusiyyati operativ yaddas (in-memory computing)
asasli hesablama yanasmasindan istifade etmasidir. ©nanavi MapReduce modelinda araliqg
naticalar diskda saxlanildigl halda, Spark hamin naticalarin bdylk hissasini operativ yaddasda
saxlayaraq giris-cixis amaliyyatlarinin sayini azaldir. Bu yanasma xususila iterativ hesablama
proseslarinda va masin 6yranmasi tatbiglarinda yliksak mahsuldarliq alda etmaya imkan verir [2].

Spark platformasinin asasini Resilient Distributed Dataset (RDD) adli verilanlar modeli taskil
edir. RDD paylanmis mihitds saxlanilan va paralel sakilde emal edilan verilanlar toplusudur. Bu
model verilanlarin mUxtalif hesablama govsaqglari arasinda bollsdiridlmasine, paralel emalin
hayata kecirilmasina va sistem nasazliglari zamani malumatlarin barpa olunmasina imkan yaradir.
RDD mexanizmi Spark-in ham cevikliyini, ham da etibarliligini tamin edan asas texnologiyalardan
biri hesab olunur [1].

Apache Spark muxtalif verilanlar manbalari ila isloaya bilan universal platforma kimi
layihalandirilmisdir. O, Hadoop Distributed File System (HDFS), Apache Hive, Apache HBase va
digar verilanlar saxlama sistemlari ila integrasiya oluna bilir. Bundan alava, Spark SQL, Spark
Streaming, MLIlib va GraphX kimi modullar vasitasila strukturlasdiriimis verilanlarin emal, real vaxt
malumat axinlarinin analizi, masin Oyranmasi va graf analitikasi kimi muxtalif funksiyalar
dastaklayir [3].

Hazirda Apache Spark boyik verilanlarin emali sahasinda an genis istifade olunan
platformalardan biri hesab edilir. Yiksak sUrati, migyaslana bilma gabiliyyati va genis funksional
imkanlari sayasinda platforma ham elmi tadgigatlarda, ham da sanaye tatbiglarinds mihim rol
oynayir [2].
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Spark arxitekturasi va is prinsipi

Apache Spark platformasinin yiksak mahsuldarligi onun paylanmis arxitekturasi va
optimallasdiriimis hesablama mexanizmlari ila slagadardir. Spark klaster muhitinda faaliyyat
gostarir va verilanlarin mixtalif hesablama gqovsaglari arasinda bolldsdirilarak paralel sakilda
emal edilmasini tamin edir. Platformanin arxitekturasi Driver, Cluster Manager, Worker va
Executor komponentlarindan ibaratdir [2].

Spark tatbiginin idara olunmasi Driver programi tarafindan hayata kegirilir. Driver istifadaci
tarafindan gdndarilan tapsiriglari gabul edir, onlarinicra planini formalasdirir ve klasterda yerlasan
isci qovsaqlara paylayir. Resurslarin idars olunmasi isa Cluster Manager tarafindan yerina yetirilir.
Spark muhitinda bu magsadls Standalone Manager, Apache Hadoop YARN va ya Apache Mesos
kimi resurs idarsetma sistemlarindan istifada oluna bilar [3].

Klasterda yerlasan Worker qovsaglari hesablama resurslarini tamin edir va onlarin
daxilinde Executor proseslari faaliyyat gdstarir. Executor-lar Driver tarafindan gondarilan
tapsiriglari icra edir, araliq naticalari yaddasda saxlayir va yekun naticalari Driver programina
gaytarir. Bu yanasma verilanlarin paralel sakilde emal edilmasina va hesablama prosesinin
stratlandirilmasina imkan yaradir [2].

Spark-in is prinsipi asasan verilanlarin transformasiyasi va amaliyyatlarin icrasi
marhalalarina asaslanir. istifadagi tarafindan verilan tapsiriq svvalca mantiqi icra planina cevrilir,
daha sonra isa optimallasdirilaraq fiziki icra plani hazirlanir. Spark yalniz naticanin alds olunmasi
talab edildikda hesablama amsaliyyatlariniicra edir. Bu yanasma "Lazy Evaluation" adlanir va sistem
resurslarindan daha samarali istifads olunmasina imkan verir [3].

Platformanin asas xtsusiyystlarindan biri verilanlarin operativ yaddasda saxlanilmasidir. Bu
yanasma diska muiracistlarin sayini azaltdig Gclin hesablama stratini shamiyyatli deracads artirir.
XUsusila iterativ algoritmlar va masin oyranmasi tstbiglarinds Spark snsnavi MapReduce
modelindan daha yUksak performans niimayis etdirir [1], [7].

Belalikla, Spark arxitekturasi paylanmis hesablama muhitinda verilanlarin ssmarali idara
olunmasini, paralel emalini va yliksak mahsuldarligla islanmasini tamin edan asas texnoloji baza
rolunu oynayir.

Spark ekosisteminin asas komponentlari

Apache Spark yalniz boyuk verilanlarin emali G¢ln nazardas tutulmus hesablama miharriki
deyil, ham da muxtalif analitik tapsiriglarin yerina yetirilmasini tamin edan genis funksional
imkanlara malik ekosistemdir. Platformanin populyarligi onun muxtalif nov verilanlarla islomaya
imkan veran modullarinin moévcudlugu ile slagadardir. Bu modullar verilanlarin emali, real vaxt
analitikasi, masin dyranmasi va graf analizlari kimi mixtalif sahalari ahata edir [3].

Spark ekosisteminin asas komponentlarindan biri Spark SQL moduludur. Bu modul
strukturlasdirilmis va yari-strukturlasdirilmis verilanlarin emali Gglin nazarda tutulmusdur. Spark
SQL istifadacilora SQL sorgularindan istifade etmakla boyltk hacmli verilanlar {zarinda
amsaliyyatlar aparmaga imkan verir. DataFrame va Dataset kimi verilanlar strukturlarinin tatbigi
naticasinda verilanlarin emali daha c¢evik ve mahsuldar sakilda hayata kegirilir [5].

Spark ekosisteminda mihUm yer tutan digar modul Spark Streaming texnologiyasidir. Bu
modul real vaxt rejiminda daxil olan malumat axinlarinin emalini tamin edir. Sosial sabakalar,
maliyya amaliyyatlari, sensor sistemlari va sabaka monitoringi kimi sahalarda fasilasiz olaraq
yaradilan malumatlarin operativ tahlili Spark Streaming vasitasile hayata kegirila bilir. Sonraki
inkisaf marhalasinda tagdim edilan Structured Streaming yanasmasi bu prosesleri daha da
optimallasdirmisdir [2].

Masin dyranmasi algoritmlarinin tatbigi Ucln Spark platformasinda MlLlib kitabxanasi
istifada olunur. MLlib tasnifat, klasterlasdirma, reqressiya va tovsiya sistemlari kimi mixtalif masin
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oyranmasi algoritmlarini 6zinda birlasdirir. Kitabxana bdylk verilanler Uzarinds paralel
hesablamalar aparmaga imkan verdiyi G¢ln analitik proseslarin stratini va ssmaraliliyini artirir [6].

Spark ekosisteminin digar mihdm komponenti isa GraphX moduludur. Bu modul graf
strukturlu verilanlarin emali va tahlili U¢ln nazarda tutulmusdur. Sosial sabakalarin analizi,
alagalarin miayyan edilmasi va muxtalif graf algoritmlarinin icrasi zamani GraphX genis istifada
olunur. Modul graf verilanlarinin emalini Spark-in paylanmis hesablama imkanlari ils birlasdirarak
mirakkab analitik masalalarin hallina sarait yaradir [3].

Belalikla, Spark SQL, Spark Streaming, MLlib va GraphX modullari Apache Spark
platformasinin funksional asasini taskil edir. Bu komponentlarin integrasiyasi Spark-in mixtalif ndv
verilanlarla islamasina va bdylk verilanlarin emali sahasinda universal platforma kimi istifada
olunmasina imkan yaradir.

Apache Spark platformasinin tatbiq sahalari

Apache Spark platformasi boyik verilanlarin emal va analitikasi sahasinda genis tatbiq
olunan texnologiyalardan biridir. Yiksak hesablama sirati, operativ yaddas asasli emal mexanizmi
va muxtalif analitik alatlari dastaklamasi Spark-in ham elmi, ham da sanaye muhitinds genis
vayllmasina sabab olmusdur. Platforma muxtalif manbalardan daxil olan béyik hacmli verilanlarin
emali va tahlili Gglin samarali hallar tagdim edir [2].

Spark texnologiyasinin asas tatbiq sahalarindan biri bdyk verilanlarin analitikasidir. MUasir
muassisalar va taskilatlar faaliyyatlari zamani formalasan boyik hacmli malumatlari tahlil etmakls
idarsetma gararlarinin gabulunda daha dagiqg naticalar alds etmaya calisirlar. Spark platformasi
boylk verilanlarin sdratli emalini tamin etmakls statistik tahlillarin, hesabatlarin va
prognozlasdirma modellarinin hazirlanmasinda genis istifada olunur [3].

Apache Spark real vaxt rejiminds malumatlarin emali sahasinda da mihim rol oynayir.
Sosial media platformalari, maliyya sistemlari, loT cihazlari va muxtalif onlayn xidmatlar tarafindan
yaradilan malumat axinlarinin operativ sakilde emali Spark Streaming texnologiyasi vasitasila
hayata kecirilir. Bu yanasma malumatlarin yaranmasi ila onlarin tahlili arasindaki vaxt intervalini
minimuma endirmaya imkan verir [2].

Platforma masin dyranmasi va slni intellekt tatbiglarinda da genis istifada olunur. MLlib
kitabxanasi vasitasila tasnifat, klasterlasdirma, reqgressiya ve tovsiya sistemlari kimi muxtalif
algoritmlarin boylk verilanlar Gzarinda paralel sakilda icrasi mimkin olur. Bu xtsusiyyat Spark-in
verilanlar elmi va suni intellekt layihalarinda mihim texnoloji baza kimi istifada edilmasina sarait
yaradir [6].

KibertahlUkasizlik sahasinda Apache Spark sabaka trafikinin monitoringi, jurnal geydlarinin
tahlili va tahlikasizlik hadisalarinin askarlanmasi Ggln istifada olunur. Miasir taskilatlarda har giin
milyonlarla tahlikasizlik geydi yaradildigindan onlarin operativ emali va tahlili xiisusi ahamiyyat
dasiyir. Spark platformasinin yiksak mahsuldarligl potensial tahlikalsrin daha sirstli miayyan
edilmasina va tahlikasizlik tadbirlarinin vaxtinda gortlmasina imkan verir.

Son illarda dovlat informasiya sistemlarinde da Apache Spark texnologiyasinin tatbigina
marag artmisdir. Elektron hokumat xidmatlari, ahali malumat bazalari, vergi sistemlari va statistik
informasiya platformalarinda boyik hacmli malumatlarin emali talab olunur. Spark platformasi bu
malumatlarin semarali sakilds emal edilmasina, inteqgrasiyasina va analitik tahlilina imkan
vermakla dévlst idarsetmasinda raqgamsal transformasiya proseslarini dastaklayir [3].

Belalikla, Apache Spark platformasi boyik verilanlarin analitikasi, real vaxt malumat emal,
masin 6yranmasi, kibertahlikasizlik va dovlst informasiya sistemlari kimi mixtalif sahalarda genis
tatbig olunarag muiasir paylanmis hesablama mihitlarinin asas texnologiyalarindan biri kimi cixis
edir.
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Apache Spark texnologiyasinin xtsusiyyatlori va perspektivlori

Apache Spark platformasinin genis yayilmasinin asas sabablarindan biri onun ylksak
mahsuldarlig va c¢eviklik tamin etmasidir. Platforma operativ yaddas asasli hesablama
yanasmasindan istifada etdiyina géra ananavi disk asasli sistemlarla migayisada daha ylksak emal
strati nimayis etdirir. Bu xdsusiyyat xtsusila boylk verilanlarin analitikasi, masin éyranmasi vo
real vaxt malumat emali kimi sahalards 6zUinU daha gabariq sakilda gostarir [2]. Bundan alava,
Spark muixtalif programlasdirma dillarini dastaklayir ve Hadoop ekosisteminin diger
komponentlari ila integrasiya oluna bilir ki, bu da onun praktik tatbig imkanlarini genislandirir [3].

Platformanin digar mihim xUsusiyyatlari sirasinda yliksak migyaslana bilma, nasazliglara
davamlilig ve muxtalif verilanlar manbalari ila islamak gabiliyyati geyd edils bilar. Spark SQL, Spark
Streaming, MLlib ve GraphX kimi modullarin vahid platformada birlasdirilmasi istifadacilara
mixtalif analitik tapsiriglari eyni mihitds yerina yetirmaya imkan verir. Bu yanasma sistemlarin
gurulmasini sadalasdirir va resurslardan daha ssamarali istifada olunmasini tamin edir [5].

Bununla yanasl, Apache Spark texnologiyasinin miayyan mahdudiyyatlari de mévcuddur.
Platformanin ylksak mahsuldarhgi béyik hacmds operativ yaddasdan istifads olunmasi hesabina
alda edilir. Bu sababdan Spark klasterlarinin qurulmasi va idars olunmasi miayyan hallarda alava
infrastruktur xarcleri talab eds bilar. Eyni zamanda, iri miqgyasli sistemlarda resurslarin
optimallasdiriimasi va tahlikasizlik siyasstlarinin dizgin tatbigi mihim masalalardan biri olarag
gahr [3].

Galacak perspektivler baximindan Apache Spark platformasinin inkisafi asasan slni
intellekt, bulud texnologiyalari va real vaxt analitikasi ila integrasiyanin genislandirilmasi
istigamatinda davam edir. Bulud asasli hesablama mduhitlarinda Spark xidmatlarinin istifadasi
getdikca artir va bu yanasma taskilatlara daha cevik ve migyaslana bilan hallar taqdim edir. Bundan
alave, masin Oyranmasi va verilanlar analitikasi sahasinda yeni algoritmlarin tatbigi Spark
platformasinin imkanlarini daha da genislandirir [6].

Belalikla, Apache Spark texnologiyasi muasir boyUk verilanlar ekosisteminin asas
elementlarindan biri olmagla yanasi, galacakda da paylanmis hesablama muhitlarinin inkisafinda
muUhUm rol oynayacaq perspektivli platformalardan biri hesab olunur.

Apache Spark platformasinin inkisaf perspektivleri yalniz boylk verilanlarin emali ila
mahdudlasmir. Son illarda platformanin konteyner texnologiyalari va mikroxidmat arxitekturalari
ila integrasiyasl da genis yayllmaga baslamisdir. Xlsusila Kubernetes kimi muasir orkestrasiya
sistemlari ilo birga istifadasi Spark tatbiglarinin daha cevik sakilda yerlasdirilmasina va idars
olunmasina imkan yaradir [3].

Bundan basga, bulud xidmatlarinin inkisafi Spark platformasinin alcatanligini ve istifads
imkanlarini daha da artirmisdir. Amazon Web Services (AWS), Microsoft Azure va Google Cloud
kimi platformalarda Spark xidmatlarinin taqdim edilmasi boyik verilanlarin emali Ucgln talab
olunan infrastrukturun qurulmasini sadalasdirir. Bu tendensiya galacakda Spark texnologiyasinin
ham elmitadgiqatlarda, ham da sanaye tatbiglarinds istifadasinin daha da genislanacayini gdstarir
[2].

Natica

Aparilmis arasdirma gostarir ki, Apache Spark platformasi boyik verilanlarin emal
sahasinda muasir va ylksak mahsuldarliga malik texnologiyalardan biridir. Platformanin operativ
yaddas asasli hesablama mexanizmi, paylanmis arxitekturasi va genis funksional imkanlari boyuk
hacmli verilanlarin slratli va samarali sakilde emal edilmasina sarait yaradir. Spark SQL, Spark
Streaming, MLlib va GraphX kimi komponentlarin vahid platformada birlasdirilmasi muxtalif
analitik tapsiriglarin yerina yetirilmasini sadalasdirir va platformanin praktik shamiyyatini artirir.

Tadgigat naticasinde miayyan edilmisdir ki, Apache Spark boyik verilanlarin analitikasi,
real vaxt malumat emali, masin 6yranmasi, kibertahlikasizlik va dévlst informasiya sistemlari kimi
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sahalarda genis tatbig imkanlarina malikdir. Bununla yanasi, platformanin ylksak yaddas
resurslarina olan talabati va iri klasterlarin idara olunmasi ila bagh muayyan ¢atinliklar mévcuddur.
Lakin bulud texnologiyalarinin inkisafi, konteyner asasli hallarin genis yayilmasi va slni intellekt
tatbiglarinin artmasi Spark platformasinin galacak inkisaf perspektiviarini daha da glclandirir.

Umumilikds, Apache Spark texnologiyasi boyiik verilanlarin emali sahasinda an perspektivli
hallardan biri hesab olunur va muasir paylanmis hesablama muahitlarinin inkisafinda mihim rol
oynayir. Platformanin funksional imkanlarinin genislanmasi va yeni texnologiyalarla inteqrasiyasi
onun galacakda da bdylk verilanlar ekosisteminin asas komponentlarindan biri olarag galacagini
gostarir.
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PA3PABOTKA MOZENM HEYETKOMO
BbIBOAA /19 OLIEHKM PUCKOB
MHOOPMALIMOHHOWM BE30MACHOCTY

MwupkacumoBsa TonkbiH LLiabaeHb6eKkoBHa

Ka3axCcKunin HauMOHaAbHbIN YHUBEPCUTET MMeHM anb-Papabu, r.AnmaTsl, KazaxctaH
Paxbimrasuesa aHus

CtyaeHT Ol «Cnuctembl MHGOPMALMOHHOM Be3onacHOCTM», KazaxCKMin HaLMOHaNbHbIM
yHUBEpPCUTET MMeHM anb-Papabu, r. AnmaTtsl, KazaxctaH

*aHbbipbai1 Abblnai

CryaeHT Ol «Cuctembl MHGOPMALMOHHON Be30NacHOCTNY», Ka3axCKMM HaLUMOHAAbHbIN
YHUBEPCUTET MMeHM anb-Papabu, r. Aaimatbl, KasaxcTaH

AHHOTAUMA

B aTOM CcTaTbe paccmaTpmMBaeTcsa HeveTkasa Norndeckas FIS-moaenb, ocHoOBaHHaA Ha MeToe
MamaaHu ans OLEHKM PUCKOB MHPOPMaLIMOHHOM Be3onacHOCTH. Llenbto nccnenoBaHma seaseTca
pa3paboTka Moaenn n oueHka ee addeKTUBHOCTM, KOTOpaa No3BoaseT Hosee TOYHO OLEHNBATb
PUCKW B YCNOBUAX HEONpPeaeneHHOCTU U HeMOAHbIX JaHHbIX. B nccnegoBaHnmM MCNoAb30BaIMCh
MeToAbl MOAENMpOoBaHMA, dasnmduKaumm, noctpoeHuna 6asbl NPaBMA M IKCMEPUMEHTANbHOM
anpobauuu. MonyyeHHble pe3ynbTaTbl MOKa3anauM, YTo npeasaraemas MoAesib TOYHO onpeaenseT
ypOBeHb puUCKa, 3GGEKTUBHO YUYMTbIBAET HEONPeaeNeHHOCTb M MOAXOAUT ANA NPaKTUYeCKoro
npUMeHeHns. HayyHas HOBWM3HA XapaKTepusyeTca pa3paboTKoM Heo4YeBMAHOW NOTrMYecKoM
MOZENN UHTEerpaabHOM OLEeHKN puckoB. Anpobauns mogenn 8 CRM, ERP n LMS noaTtsepanna, 4to
370 30DEKTUBHbBIN MHCTPYMEHT ANA NOAAEPMKKW PELIeHUI No ynpaBaeHuto MHGOPMaLMOHHOM
6e30MnacHOCTbIO.

Kntouesble cnoBa: MIHGopmaLmoHHaa 6e30nacHOCTb, OLLEHKA PUCKOB, HEYeTKanA N0r1Ka,
meToa MampaaHu, FIS-moaens, yazBMMOCTb, KMbepyrposbl, MHTENNEKTYalbHaA CUCTEMA.

BBEAEHWNE

YcnoxHeHne undpoBoi MHOPACTPYKTYPbl M POCT YMcna KnbepaTak [AenatoT akTyasbHOM
npobnemy TOYHOM OLEHKM PUCKOB WMHPOPMaLMOHHOM 6He3onacHocTu. CyllecTBytolime
TPaAMLMOHHbIE MeToApl, TakMe Kak ISO/IEC 27005 un NIST SP 800-30, He40CTaTOUYHO y4UTbIBAOT
HeonpeaeneHHOCTb GaKTOPOB PUCKa M HEMOJHbIE AaHHble. [ToaToMy BO3pacTaeT NoTpebHOCTb B
MCNOJIb30BAHUM MHTENNEKTYaA/IbHbIX METOA40B OLEHKMN PUCKOB.

Mogaenn Fuzzy Inference System (FIS), ocHOBaHHble Ha HeABHOM NOTMKe, npeanaratoT
adpdeKTMBHOE pelleHne B yCN0BUAX HeonpeaeneHHocTn. OHM GopManm3ytoT 3KCNePTHbIE 3HAHKS
c nomoubto npasua IF-THEN 1 No3BOAAKT KONMYECTBEHHO N JIMHIBUCTUYECKN OLEHMBATDL PUCKM.
MeToa MamaaHu, B 4YacTHOCTW, sBAseTCA 3PPEKTUBHbIM MHCTPYMEHTOM B MOAAEPMKKE
yrnpaB/aeHYeCcKMX pelieHnin, obneryaa MHTepnpeTaLmnio pesyabTaTos.

Llenbto nccnenoBaHma seasetca paspaboTtka FIS-mogenn Ha ocHoBe meToaa MamaaHu ans
OLUEHKN pPUCKOB WHbOpPMaUMOHHOM 6e30MacHOCTM U cpaBHeHMe ee 3PPEeKTUBHOCTM C
TPAANLUMOHHbBIMM METOZAAMM.

HayyHas HOBM3Ha cBA3aHa C pas3paboTkon moanbuumpoBaHHon  FIS-mopenwy,
nossosdaolen obpabatbiBaTb HeonpeaeseHHble U NPOMENKYTOYHbIE 3HAYEeHWs PUCKOB
nHbopmaumoHHon 6HesonacHocTu. [pegnaraemas MoAenb MHTErPUPYeT 3KCMEepPTHbIe 3HaHMA
yepes CUCTEMY HeYeTKMX npaBua U GOPMUPYET WMHTErpanbHyt0 KONMYECTBEHHYID MU
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JIMHTBMCTUYECKYHO OLIEHKY PUCKa.

Pe3ynbTaTbl NpoBeAeHHOK anpobauumn Nnokasann, 4YTo NPeaoKEHHbIN NoAxXo NoBbIWaeT
TOYHOCTb OLEHKWU PUCKOB 1 MOAXOAMT ANA MCMONb30BaHMA B KOPMOPATMBHbIX, 0Opa30BaTeIbHbIX
W TOCYAAPCTBEHHbIX MHOOPMALMOHHbIX CUCTEMAX.

METO/bl NCCNEQOBAHWA

Fuzzy Logic memo00s02uA 0UeHKU pUCKo8 C UCN01b308AHUEM HEABHOU N02UKU

MeToamka Fuzzy Logic B oueHKe pUCKOB MHPOpPMaLMOHHON Be3zonacHocTu. Mpn oueHKe
PUCKOB MHPOPMALMOHHON 6e30MacHOCTM MHOTME NapaMeTpPbl XapaKTepu3ytoTCa 3KCNepTHbIMM
oueHKamK, a He GaKTUYECKUMU KOMYECTBEHHbLIMM 3HAaYEHUAMMK. [TOCKObKY Takne GpakTopbl, Kak
BEPOATHOCTb Yrpo3bl, YPOBEHb YA3BMMOCTM W LEHHOCTb aKTMBA, YacTO XapaKTepusytoTca
HeonpeaeneHHOCTbIO, UCM0/1b30BaHMe MeTOA40B HeveTKoM nornkn (Fuzzy Logic) ans nx o6paboTkm
aBnaeTca adPeKTMBHLIM. TakoM noaxond NO3BONAET OXapaKTepm3oBaTb GaKTOPbl PUCKa B BMAE
JNIMHIBUCTUYECKMX NMEPEMEHHbIX M NPUHUMATb 0OOCHOBAHHbIE PELIEHUS B YCAOBMAX HEMOAHbIX
[aHHbIX.

B npeanaraemoin MeToaMKe OLEHKa PUCKA OCHOBbIBAETCA HA TPEX OCHOBHbIX MapamMeTpax
[OXOAHOCTM: CTOMMOCTM aKTMBA, BEPOATHOCTU peanm3aumm yrposbl M CTENeHU yA3BMMOCTMU.
JIMHTBUCTUYECKME 3HAYEHUA «HUBKUIY, «CPeaHMN» U «BbICOKMNY» 1A KaxkAoro napameTpa
OnpeaenatTCa M OMNUCbIBAOTCA COOTBETCTBYIOWMMU GYHKLUMAMM YNeHCTBA. BxoaHble AaHHble
CHa4ana npeobpasyoTca B HeyeTkMe Habopbl Ha 3Tane ¢dasndmkaumm, a 3aTem obpabaTbiBatoTCs
Ha ocHoBe npasua if-THEN TMna MampaaHu. B pesynbtate arpernposaHus npasua GopmMmmupyeTca
MHTerpanabHasa HeABHasA OLLEHKA pUCKa.

Ha 3akntoumTensHoM atane ncnonbayerca metoq aedasndukaumm, npm KOTOPOM HEABHbIN
pe3ynbTaT npeobpasyeTca B GaKTUYECKMI KONMYECTBEHHbIM MOKasaTeNb pucka. B pesynbTaTte
YPOBEHb PUCKa ONpeaenaeTca Kak MHTerpanbHoe 3HadeHune ot 0 Ao 1 M KnaccuduumpyeTca B oaHy
M3 KaTeropuii pUCKa: KHU3KUI», «CPEeaHNN» UM «BbICOKMIMY». Takol Noaxo NoBbILaeT TOYHOCTb
OLEHKN PWUCKOB B YCNOBMAX HeoNpeaenNeHHOCTM M CnocobCTBYET MPUHATUIO yNpaBAEHYECKUX
peleHni no MHGOPMaLUMOHHOM Be3onacHOCTM.

CpasHeHue moodeneli MamoaHu u Cy2eHo

Moaenn 0606LEeHNS, LLMPOKO NCMNONb3YeMble B HEABHOM IOrMKe, —3TO Moaenn MamaaHu
n Takarn—CyreHo. Mogenb MamaaHu No3BOASET NPeACcTaBUTb Pe3yabTaT B JIMHIBUCTUYECKON U
KOAnM4yecTBeHHON GOpPMe M MO3TOMY YacTO WCMOAb3YETCA B 3IKCMEPTHbIX CMCTEMAX M 3ajadvax
OLEHKN pUCKoB. B moaenn CyreHo pe3ynbTaT BbIYMCAAETCA HAaNPAMYHO KOMYECTBEHHO, YTO, XOTS
N YBEINYMBAET CKOPOCTb BbIYNCAEHWNIM, CHUMKAET BEPOATHOCTb MHTEPNPETALMN Pe3y/bTaToB.

Tabnunua 1. CpaBHUTEIbHAA XapaKkTepucTMka moaenein Mamaanu n CyreHo

Kputepuit MamaaHu CyreHo (Takagi—Sugeno)
HeueTkoe MHOXeCTBO YucnoBas PyHKUMUSA UK
BbIxoaHOE 3Ha4YeHue
(MMHrBMCTMYECKasA KaTeropus) KOHCTaHTa
HeobxoammocTb
a la Het
aedaszsndmrkaumm
NHTepnpeTnpyemocTb | BbicoKaAa Hunskan
TOYHOCTb CpeaHas bosee BbicOKas
BblumncamtensHaa
Bbicokasn Huskasa
C/TOXHOCTb
OLEeHKa pPUCKOB, IKCNEPTHbIE Cuctembl ynpassieHuAa u
O6nacTb NPUMeHeHs 4 P ’ P ynp
CUCTEMDI NPOrHO3MpoBaHMA
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B atom wuccneposaHmm 6bin BbibpaH meTos MamzaHW, NOTOMy 4TO OH NO3BOAAET
JNIMHFBUCTUYECKM M KONIMYECTBEHHO OLEHWUTb YPOBEHb PWMCKA. ITO crnocobcTeyeT npoLleccy
NPUHATMA yNPaBNEHYECKMX pelleHuin, obnerdyaa MHTepnpeTaumio PUCKOB WMHPOPMALMOHHOM
6esonacHocTL.

Apxumekmypa FIS-modenu oueHKU puckos UH@opmayuoHHol 6ezonacHocmu (no
MamdaHu)

FIS-monenb, OoCHOBaHHAaA Ha npeafoXeHHOM meToge MamaaHu, MCNOAb3yeTca ANA
OLEHKN PUCKOB MHPOPMALIMOHHOM 6e30MacHOCTM B YCA0BUAX BbICOKON HEonpeaeneHHOCTU U
HEeMoOAHbIX AaHHbIX. OTANYME OT TPAANLMOHHbBIX AETEPMUHNPOBAHHbLIX MOAXOAOB 3aK/IKOHYAETCA B
TOM, YTO OHM NO3BONIAIOT TMOKO MOAENNPOBATb CIOXKHbIE CBA3N MEXAY ONACHOCTbLIO, YA3BUMOCTbIO
M KPUTUYHOCTbIO aKTMBOB, GOPManM3ysa SKCNEPTHbIE 3HAHMA C MOMOLLBIO HEYEeTKMX MpaBua B
dopmate IF-THEN.

OCHOBHbIE BO3MOXHOCTU MOAENN:

— 006paboTKka pasnM4YHbIX AaHHbIX (nor SIEM, pesynbTaTbl CKaHMPOBAHMA YA3BMMOCTEN,
9KCNEPTHbIE OLEHKM) ;

— npeobpasoBaHne CyObEKTMBHOCTM M HeonpeaeNeHHOCTN B KONIMYeCTBEHHOEe 3HayeHue
PUCK3;

—  NOBblWEHME BO3SMOXHOCTM MHTEPNPETaL MM BbIBOAOB, MOCKO/bKY pelleHnA OCHOBbLIBAOTCA
Ha KOHKPETHbIX MpaBuAax;

— afanTauma CUMCTEMbl K KOHKPETHbIM TpebOoBaHMAM OpraHuM3aumm WMAM OTPacan NyTem
n3ameHeHus H6asbl NPaBKA N GYHKLIMNA YNEHCTBA;

—  COBMEeCTMMOCTb C MeXAYyHapoAHbIMM CTaHA4APTaMM, Takmmm Kak ISO 27005 mn NIST SP 800-
30.

OTa apxMUTEKTypa HE TOIbKO KONMYECTBEHHO U IMHIBUCTUYECKM OLEHWBAET YPOBEHb PUCKA,
HO TaKXe npen/iaraeT COOTBETCTBYHOWME CTpaTermm Aencteuin (n3beraHue, MUHMMM3AUMA,

nepefaya, MNPUHATME) M, CNedoBaTenbHO, ABAAETCA 3DDEKTUBHBIM  MHCTPYMEHTOM  ANA
NOAAEPKKM YNPABAEHYECKUX PELLEHNI.
Ha pucyHke 1 HMKe NOKasaHa apxuTeKktypa FIS-mozenn, OCHOBaHHaAa Ha

MOANPULMPOBAHHOM Ba3e NpaBuMa U CUCTEME HEeYETKMX BbIBOAOB B MoAenn MamaaHu.

Feedback loop

Visualization Dashboard

Data Sources Fuzzy Inference System /\/\/
e Fuzzification (Mamdan) ol @
ystem/Log Data
= e
\ Rule Base N =
Vulnerability ™ > S
Scanners I JE=THENTUles) Defuzzification T
E Expert Convert inputs l
' | Assessments to fuzzy sets Standards & Reports
Inference Engine | ’T:L‘»] ISO 27005 / NIST
(Aggregation) Chrvorts w’ Risk Reports
crisp value
Asset Value l T
(Low/Medium/High)
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PucyHok 1. ApxutekTtypa FIS-moaenm oueHkn puckos MHGOpMaLUMoHHOM 6e30nacHOCTH

209



Proceedings of the 13th International Scientific Conference

MNpeanaraemas apxutekTypa FIS-moaenn pnna  OUEHKM PUCKOB  MHGOOPMALMOHHOM
H6e30nacHOCTM BKAtOYaEeT B ceba NOAHbIA UMKA, OT cbopa AaHHbIX A0 NpeACTaBAeHMA CTpaTerni
[eVCTBMIA B COOTBETCTBUM C YPOBHEM PUCKA. B KavecTBe BXOAHbIX AaHHbIX MOAENN MCMNONb3YHOTCA
SIEM/nor-¢ainbl, pesynbTaTbl CKAaHUMPOBaHWA YA3BMMOCTEMN, PeecTp aKTUBOB W 3KCMEepTHble
OLEHKM. 3TN AaHHble NpeobpasytoTcA B JIMHIBUCTMYECKME KATEropuM, TaKMe KaK «HU3KMIN»,
«CcpeaHuiny, «BbICOKMIM» BO Bpema dasbl dasnduKkaumm n agantmpyotca K 06paboTke B yCA0BUSAX
HeonpeaeneHHOCTH.

Ha cnepytoulem 3atane 3anyckaetca 6a3a 3HaHWI, OCHOBaHHaA Ha npasunax IF-THEN,
KoTopaa GopmManunsyeT CBA3M MeXay Yrpo3amu, YA3BUMOCTAMM W OPraHM3auMOHHbIMMI
dakTopamu. B pesynbtate noaseaeHnAa UTOroB GopMMpPYeTCA MHTErpaibHOE HeABHOE 3HaYeHne
pUCKa, a B nepuon aedasmbukaumm oHO npeobpasyeTcA B pPeanbHbl KOANYECTBEHHDIM
nokasatenb o1 0 go 1.

B pe3ynbTaTe npeanaratoTcA COOTBETCTBYOULME yNpaBaeHYeckme cTpaternn (M3beraHue,
CHUXXeHWe, Nnepeaaya NN NPUHATUE PUCKA), Pa3eNeHHbIe Ha KaTeropnm ¢ HU3KMM, CPeaHUM UAn
BbICOKMM YPOBHEM PUCKa. Pe3ynbTaTbl OLUEHKM MOryT ObiTb BM3yannM3MpPoBaHbl M NMPUMEHEHbI B
COOTBETCTBMM CO cTaHAapTamm I1SO 27005 n NIST SP 800-30.

B apxuTeKkType nNpeaycMOTPeH  MeXaHM3M  0bOpaTHOM  CBA3M,  MO3BOAOLLNN
COBEpPLEHCTBOBaTb Oa3y NpaBua U GYHKUMM YNEHCTBA Ha OCHOBE HOBbIX Yrpo3 M OOHOBIEHHbIX
SKCMEePTHbIX [AaHHbIX. DTO rapaHTUMPYeT, 4YTO MOLENb COXPAaHUT aKTyasbHOCTb B YC/OBUAX
MEeHAILWMXCA Knbepyrpos u OyaeT MCNoNb30BaTbCA B KayecTBe TMOKOrO M aAanTUBHOrO
WHCTPYMEHTA AN1A OLLeHKM PUCKOB MHPOPMALIMOHHOM He30nacHOCTH.

PE3Y/IbTATbI U UX OBCYXKOEHUE

Pa3paboTaHHbIi MeTod, OUEHKM PUCKOB Ha ocHoBe Fuzzy Inference System (FIS)
peann3oBaH 1 anpobupoBaH B TECTOBbIX AAHHbIX, MOAENMPYIOLLMX CLLEHAPUWN PEeaNbHbIX YrPO3 ANA
KOpnopaTMBHbIX M 06pa3oBaTeNbHbIX MHOOPMAUMOHHBIX cucTem (LMS-nnatdopmbl, cucTembl
3/1eKTPOHHOI0 AI0KYMeHTo0b0opoTa, BeG-pecypchbl yHMBepcUTeTa). TaKo 3KCNEePUMEHT NO3BONUA
NpOBEPUTb MNPaBUALHOCTL PaboTbl MOAENW, a TaKKe CNOCOBHOCTb Yy4MTbIBaTb (GaKTOpP®I
HeonpeaeneHHOCTU N AMHAMUYECKME N3MEHEHWA BA3BUMOCOB.

Anpobauyus FIS-modesnu 8 peasnbHbix UHBOPMAYUOHHbIX CUCMeMax

MpakTnyeckaa apdpekTnBHOCTb FIS-moaenn, ocHOBaHHOM Ha MNPeANOXEHHOM MeToAe
MamzaaHu, npoBepAnacb Ha OCHOBE CLEHapWeB, XapaKTepusylowmx paboTy KOHKPETHbIX
MHbOpMaLMOHHbIX cucTem. Anpobaums nposogunack B cuctemax CRM, ERP n LMS, wupoko
MCNONb3YEMbIX B KOPNOPaTMBHOM M 0bpa3oBaTeibHOM chepe.

Ons Kaxaon cuctembl OblIM PaCcCMOTPEHbI XapaKTepHble cugHapuu yrpos: B8 CRM —
cucteme-aTaka Zero — Day, B ERP — Insider Threat, a Ha nnatdopme LMS-ataka SQL Injection. B
KayecTBe BXOAHbIX MapaMeTpOB MCMO/1b30Ba/IMCb CTOMMOCTb aKTMBA, BEPOATHOCTb peanmn3aLmm
Yyrpo3bl WM YpOBEHb YA3BMMOCTW, KOTOpble Obliv  Npeobpas3oBaHbl B Heo4YeBMAHbIE
JIMHTBUCTUYECKME NepeMEHHbIE.

B pe3ynbTaTe HeABHOro 0606WEeHNA MHTerpanbHoe 3HavyeHme pucka ans CRM-cucrtemsl
onpeaenanock Ha yposHe 0.72 («BbICOKMI puck»), ans ERP — cuctembl — Ha yposHe 0.57, a ans
nnatdopmbl LMS-Ha ypoBHe 0.49 («cpegHuit puck»). ITU pesyabTaTbl NMOKas3aau, YTo MOAesb
MOMET HaJeKHO Pa3nn4aTb YPOBHM PUCKA B PA3INYHbIX MHOOPMALIMOHHbIX CUCTEMAX.

Hanpumep, B cnyd4ae «BbICOKOM» BEPOATHOCTU PUCKA, KCPeAHEN» CTEMEHM YA3BMMOCTH U
«KPUTMYECKOM» aKTMBA ObIN0 aKTMBMPOBAHO NPABUIO «BbICOKMI PUCK, €CN PUCK BbICOK, a Cpeaa
YA3BMMOCTM M PUCK BbICOK, EC/IM aKTUB KPUTMYEH». B pe3ynbTaTe arperaumm n aedassnmduraumnm
cucTema Bblaana 3HadeHme 0.72 1 knaccuduumpoBana ero Kak «BbICOKMIA PUCKY.
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Ha ocHoBe NoyYeHHbIX OLLEHOK MoAenb CHOPMMpPOBana yNpaBaeHYeCKMe peKoMeHAaumnm,
TaKMe Kak orpaHuMyeHne A0CTyna, BHeApeHne MHOropaKTOpHOM ayTeHTMdMKaLMM, obHOBAEHME
YA3BMMbIX KOMMOHEHTOB W YCUAEHWE MOHWTOPUHra. 3TO NOKa3ano, 4To FIS-mofenb moxKet
noAJep*KMBaTb NPUHATUE PeLleHnn No MHPOPMaALMOHHON 6e30MacHOCTM Hapsady C OLEHKOM
PUCKOB.

CpasHumenoHbIl aHanus

dddeKTMBHOCTb NpeacTaBaeHHoM FIS-moaenu cpasHuBanu ¢ metogamu 1SO 27005 mn NIST
SP 800-30. Pe3ynbTaTbl CpaBHEHMA MNOKa3aaW, 4TO MOAE/Nb MOBbIWAET TOYHOCTb, CHMMXKaeT
CyObEKTMBHOCTb M COKPALLAET BPEMSA BblYUCAEHWNN. [10 KONMYECTBEHHOMY aHaNM3y KO3bOULMEHT
cooTBeTCcTBMA FIS-mozenn sKkcnepTHeIMm oueHkam coctasmn 0.90, ana metoga NIST sTtoT
nokasaTtenb coctaBua 0.78. Kpome TOro, 3a cyeT aBTOMATU3MPOBAHHOINO CYMMMPOBAHNA BpeMs
OLEHKM pPUCKa COKPaTMAOCh NpumMepHO Ha 20%.

Tabnnua 2. CpaBHeHWE TPAANLUMOHHbBIX METOA0B OLIEHKM PUCKOB M Npeanaraemont FIS-moaenm
TpagnumoHHble metoabl (ISO
27005, NIST SP 800-30)
CpeaHan, TpebyeTtcs pyyHas
06paboTKa AaHHbIX U
9KCMEepPTHbIN aHann3

Kputepuii Mpennaraemas FIS-monens

CkopocTb
BbIYUC/IEHUNM

BblCOKas, aBTOMaTU3MPOBAHHbIN
BbIBO/, HA OCHOBE NMPaBU

TOYHOCTb pe3ynbTaToB

3aBUCUT OT MOHOTHI
CTAaTUCTUMYECKMX AaHHbIX, 4acTo
orpaHn4yeHa

bosiee BbICOKaA 3a CHET y4€Ta
HeonpeaeNEHHOCTU N HEYETKMUX
BXOAHbIX AaHHbIX

BbICOKMM, 33 CYET HEYETKUX

Yuér OrpaHn4YeHHbIN (ToNbKO
. MHOECTB 1 TNHIBUCTUYECKNX
HeonpeaenéHHOCTH BEPOATHOCTHbIE OLEHKMN)
nepemMeHHbIX
. CHW»KeHHbIN 6naroaaps
YpoBeHb BbICOKMI, 3HAYNTENbHAA .
dbopmanmnsosBaHHom Haze
CyOBbEKTUBHOCTM 33aBUCMMOCTb OT 3KCNEPTOB .
HEYETKMX NPaBU
Bbicokas, pe3ysbTathl
CpeaHss, TpebyeT aKcnepTHOro .
NHTepnpeTnpyemocTb npeacTaB/eHbl B YUCIOBOM U
obbacHeHuMA .
JIMHTBUCTMYECKOM popme
BbicoKas, nerko agantmpyeTca K
OrpaHunyeHHas, obHoBAEHMA ’ A Py
AfanTMBHOCTb HOBbIM Yrpo3am M NpeaMeTHbIM
BbINMOJIHAOTCA peaKo
obnactam
Kak BMAHO M3 Tabaulbl, OCHOBHbIMMK MPEMMYLLECTBAMW NpeAcTaBneHHON FIS-moaenm
ABNAOTCA  BbICOKAA TOYHOCTb, CMOCOOHOCTb YYUTbIBAaTb HeONpPeAenNeHHOCTb, CHUMKEHUE
CyObEKTMBHOCTM M CNOCOBHOCTb aAanTMPoOBaTbCA K  HOBbIM  yrpo3am. ITO MNO3BOAAET

paccmaTpuBaTb ero Kak 3QdEeKTUBHbIN WMHCTPYMEHT AN OLEHKM PUCKOB MHOOPMALMOHHON
6e30MacHOCTM B YCIOBUAX MEHAIOLLMXCA KNBepyrpos.

OueHKa pucKa 0719 akmuea «6a3a OaHHbIX KAUEeHmMOo8 op2aHu3auuu»

MPMMEpPOM MOXKET CAYKWUTb KOPMNOPATMBHbIMA aKTWB, TaKOW Kak 6a3a [aHHbIX KNMEHTOB
opraHusaumm, KoTopasa BKAOYAET NepCcoHaNbHYO 1 GUHAHCOBYIO MHPOPMaLMIO. HapyleHne ero
KOHOUAEHUMANBHOCTM MOXKET NPUBECTU K CEPbE3HbIM GUHAHCOBLIM MOTEPSAM M penyTauMoHHOMY
ywepby.

HauanbHble napameTpbl FIS-momenun: ueHHocTb aktmBa (AV) = 0.9; BepoATHOCTb
peanusauum yrpossl (TP) = 0.6; yposeHb ysazsumocTn (V) = 0.8. Tun yrpo3bl — Zero-Day Attack, a
YA3BMMOCTb — OTCYTCTBME CUrHATYypPbl BMpYyca B 6ase aHTUBMpPYCa.
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Mocne ¢asbl Pasmdurkaumm nepemeHHble ObliM Npeobpas3oBaHbl B AMHIBUCTUYECKME
TepMuHbl {Low, Medium, High}.

®opmuposaHue npasuaa U e2o 3anycK

B npouecce noaBeaeHMA UTOrOB NO HEABHOW N0rMKe OblN0 334eNCTBOBAHO Cleaytollee
npasmao B 6ase 3HaHUI: ecnu (LEHHOCTb aKTMBA = BbICOKaA) M (BEPOATHOCTb PUCKA = cpeaHsna) 1
(YA3BMMOCTb = BbICOKaA) TO PUCK = BbICOKMIA.

3TO NPaBMIO OMUCHIBAET TUMMYHYIO CUTYaLIMIO: XOTA BEPOSATHOCTb aTakM, Hanpas/eHHOW Ha
LEHHbIN aKTUB, CPeaiHAA, YA3BMMOCTb CUCTEMbI BbICOKA M3-3a OTCYTCTBMA aKTya /ibHbIX CUTHATYp B
H6a3e aHTMBMpYCAa.

Aepezayus u 0epas3upuxayus

MNocne arperMpoBaHMsa Pe3ybTaToB BCEX NMpaBua meTogom MamaaHu cuctema npoBena
nedassndumKkaumMio No metoay UeHTpa Beca. B pesynbrate 6bIIO NONYYEHO WHTErpanabHoe
3Ha4YeHWe pucKa: Ana obecnevyeHMA OOBEKTMBHOCTM 3KCNEPMMEHTbI NMPOBOAMIMCL HAa OCHOBE
AAHHbIX, MOAENMPYIOLIMX PEATUCTMYHbIE CLEHAPMM KOPNOPATMBHbIX CUCTEM, TakMx Kak CRM, ERP
n yHuBepcuteTckme LMS-nnatdopmbl.

Rine =09 X% 0.6 X0.8=0.432 (1)

PeaynbTat Rint = 0,43, [0;1] NO HOPMMPOBAHHOW LLIKaNe, KAaTEropmum «CpeaHuit puck». 3To
03Ha4aeT, YTO BEPOATHOCTb BO3HWMKHOBEHMA YrpO3bl Ha YPOBHE CYLIECTBYHOLWMX YA3BUMOCTEM
cpeaHssa, 1 HeobXxoAMMO NPUHATL KOPPEKTUPYIOLLIME MEPbI.

PekomeHaaumn FIS-mopenu: ob6HOBNEHME aHTUBMPYCHbIX CUTHATYp, peannsauma
MHOroGaKTOPHOM ayTeHTUGUKALMU U MOHUTOPUHI BHELWIHWX noakntodeHuin (USB-ycTpoiicTBa,
ceTeBble KaTanoru).

Tabnunua 3. CpaBHeHME TPAAMLUMOHHbLIX METOAOB OLEHKM PUCKOB M Npeanaraemoi FIS-moaenm

Kputepui NIST SP 800-30 FIS-monens MNpeumyLectso
NTOroBas oLeHKa pucKa 0.38 0.43 +13%
. . BepoATHOCTHbIM HeuéTkni
YYéT HeonpeaneneHHOCTH o | F
noaxoA (MMHrBMCTMYECKNI)
NHTepnpeTupyemocTb CpenHas Beicokar (npaswna +
PAPETARY Pea IF-THEN)
Bpema BbluMCAEHMI 12¢c 09c -25%

Takum obpaszom, FIS-moaenb Aokaszana, YTo oHa Honee peasncTUYHO OLLEHMBAET PUCK U
NOBbLILIAET €ro MPaKTUYECKYld LEHHOCTb MO CPAaBHEHWIO C TPAAMUMOHHbIMM  METOZaMM,
[EMOHCTPMPYA BO3MOXKHOCTb aBTOMATMYECKOM reHepaLmm pekoMeHaaLUmm.

SppexkmusHOCMb NPEONOHEHHO20 Memodd 8 CPABHEHUU C MPAOUYUOHHbIMU NOOX00aMU

Ons pokasaTenbcTBa 3PPEKTUBHOCTM NpeanoKeHHon FIS-mopenn 6bian NpoBeaeHsl
CPaBHUTE/bHbIE PACcYeTbl C TPEMSA LLUMPOKO MCMOb3yeMbIMU METOAAMU KONMYECTBEHHOM OLLEHKM

PUCKOB:
1. Metog NIST SP 800-30-knaccmyeckmnii BEpOATHOCTHBIM NOAX0A,;
2. MeTtop ISO/IEC 27005-3KCNepTHO-KaYeCTBEHHbIV aHaNu3;
3. Metoa FAIR — Factor Analysis of Information Risk) - cCTOMMOCTHbIM (CTOMMOCTHbIN) aHaNM3

PUCKa;
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4. Mpeanaraembln meton FIS (Fuzzy Inference System Ha ocHoBe Mamdani) npeacrasnset
cobon MHTerpaumto BEPOATHOCTU, YA3BMMOCTM M CTOMMOCTM aKTMBOB Ha OCHOBE HeEYeTKOW
NOTUKN.

Kpamkas uHmepnpemauyus pe3yssmamos

NccnepgosaHune aokasano, 4to FIS-mogenb AemMoHCTpupyeT 6onee BbICOKYH TOYHOCTb M
CTabUNAbHOCTb, Yem TPaAMUMOHHblIE MEeTOAbl OUEHKM pPUcKoB. IDPPEeKTMBHOCTb MoaeNU
obecneymBaeTca 3a CYET BO3MOKHOCTM ee 06paboTKM HesBHOM MHPOPMALMKU, MHTErpaumm
9KCMNEPTHbIX 3HAHWMM, COOTBETCTBMA KOHKPETHBIM MHUMAEHTAM U MHTEpnpeTaumu.

OcHoBHble npenmyLlecTsa FIS-moaenu:

1. YueT HeABHOW MHbOPMaUMM HONee TOYHO OTPaXKaAeT MCTUHHBIN XapakTep Knbepyrpos
nyTeM aHanuM3a MNPOMENKYTOUHbIX COCTOAHMM, TaKMX Kak»

cpeaHnn",

CPeAHNN—BbICOKNINK,»

HU3KUM—

2. Wcnonb3oBaHue SKCMEePTHbIX 3HaHUM — JNNHIBUCTMYECKME npaBnia YETKO OTPa*XatkoT
YA3BUMOCTb N BEPOATHOCTb M YMEHbLLIAKOT Cy6'beKTl/IBHOCTb.

3. Bbicokoe cooTBeTcTBME (AKTUYECKUM WHUMAEeHTaM-B nposepkax CRM un ERP-cuctem
pe3ynbTaThl FIS nokasanu koppenauuto 0,91 ¢ HabaogaeMbiMn COOLITUAMMK, YTO 3HAYMTESIbHO

Bbile, Yem y metoaa NIST (0,78).

4. BO3MOXHOCTb MHTEpPNpPeTauMnM-mMmoae b HAPALY C KONMYECTBEHHbLIM MOKasaTenem Jaer

«HU3KUIN», KCPEAHMUI», KBbICOKMIN» YPOBHM PUCKA M COOTBETCTBYHOLLIME PEKOMEHAALIMNN.

Tabnunua 4. Pe3ynbsTaTsl CPaBHUTENBHOMO pacyeTa

FIS-mopenb | OTKAOHeHMe

CkpunTt NIST SP 800- ISO/IEC FAIR (pEKOMAEHLI,y oT
30 27005
emas) cpeaHero, %

CRM 0.38 0.36 0.40 0.43 +11.7%
(Zero-Day)
ERP (Insider Copy) 0.50 0.48 0.52 0.57 +13.7%
LMS(S.QL 0.44 0.41 0.46 0.49 +9.1
Injection)
cPeAnee 0.44 0.42 0.46 0.50 +11.5%
3HavyeHne%
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Busyanu3sauus agpgpekmusHocmu

Pe3ynbTaTbl BU3yann3aLumm TakKe NOATBEPKAAIOT NOCTOAHHOE NpenmyLLecTBo FIS-moaenu:
cTonbubl FIS NOCTOAHHO BbILLE, YeM Yy APYrMX MEeTOA0B, Ha Anarpammax no cueHapuam CRM, ERP
n LMS, 4To ele pa3 NOATBEPXKAAET YYBCTBUTE/IbHOCTb MOAENM K HEYEeTKMM MnapameTpam U
TOYHOCTb OLLEHKM.

Comparison Across CRM, ERP, and LMS Systems

I NIST Il 150 FAIR I FIs

0.60

0.55

0.50

0.40

0.30

0.20

Integrative Risk Score

0.10

0.00

CRM ERP LMS
System Scenarios

PucyHok 2. CpaBHeHMe MeTOL0B OLLEHKM PUCKA A/1A KOHKpeTHbIX cnctem CRM, ERP 1 LMS

KonuyecmeeHHas oueHKa aghgpekmusHocmu
KoadpduumeHt apdektmsHoctn ( E ) Mcnonbayetcs ANS OLEHKU KOAMYECTBEHHOM Mepbl
NOBbIWEHNA TOYHOCTM aHanm3a. OH paccYnTbIBAeTCA Mo caeaytollein dopmyne:

E = Rrs7Ravg o 10004 (2)

avg
34ecb Rps -pe3ynbtat FIS-monenu, a Rayg — cpeaHee 3HayveHune apyrux meTtonos. [na cueHapua
ERP (Insider Threat) mbl BbluMCiAEM, BCTABAAS AaHHbIE:

0.504+0.48+0.52
Ravg = f - 050 (3)

E = % x 100% = 14% (4)

CnenoBatensHo, FIS-moaens nosbllaeT TOYHOCTb OLLEHKM pUcKa npumepHoHa 14%. 3toT
pe3ynbTaT NOIHOCTbIO COBNAaAaeT C AaHHbIMK, MONYYEHHbIMM B NpeablayLimnx Tabaunuax (Tabanua
4).

MonyyeHHble pe3ynbTaTbl MOKa3aaM, YTo npeanoxeHHasa FIS-moaenb Takke adpPpeKTMBHa
npuv aHanuse BHewWHUX (Zero-Day) 1 BHyTpeHHUX (Insider Threat) yrpo3s. MpeumyliecTsa meToaa
cneaytouime: BO3MOMXKHOCTb MOAENMPOBAHMA HEABHbLIX CUTYaUMM; YCTOMYMBOCTb K MOJHOMY
OTCYTCTBMIO [AaHHbIX; BbICOKAA KOppenAauMa C peasibHbIMKM WHUWMAEHTaMK; YHWUBepCcasbHasd
a[anTUBHOCTb K Pas/IM4yHbIM MHGOPMaLMOHHbIM cucTemam (CRM, ERP, LMS).

Takmm  obpasom, FIS-moaenb  MOXKHO — paccmaTpuBaTb  Kak  YHMBEPCA/IbHYHO
WMHTENNEKTYaIbHYtO MAAaTGOPMy OLEHKM PUCKOB, KOTOpAsa aZanTUPYyeTCcA K KOPMOPaTMBHbIM,
rocyaapcTBeHHbIM 1 06pasoBaTebHbIM MHPOPMALMOHHBIM CUCTEMAM.

MpoBeaeHHaa peanusauma w anpobaumsa [OKa3anu npasBuabHOCTL  FIS-mopenw,
CNOCOOHOCTb Y4YMTbIBATb AMHAMMKY HEONPeAeNneHHOCTM W Yrpo3bl, a TaKKe BO3MOXHOCTb
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GOpPMMPOBAHUA MPAKTUYECKMX PEKOMEHAAUMI. ITO CBMAETENbCTBYET O BbICOKOW MPWMKNAAHOM
LLeHHOCTM METOAA M CYXKUT OCHOBOW A1 Aa/bHENLLIEro 06CyKAeHUA NOMYyYEeHHbIX Pe3ybTaToB.

O2epaHUYeHHOCMb 3KChepuMeHmMasbHOU Yacmu U NepcneKMuUBsbl pacupeHus

NccneposaHne nNpPoOBOAMAOCH B OrPaHUYEHHbIX CLEHapuax yHuBepcuTeTckon LMS-
nnatGopmMbl M KOPMOPATUBHBIX MHPOPMALMOHHBIX CUCTEM. XOTA MOJYYEHHbIE Pe3yNbTaTbl
nokasbiBatoT 3pPeKTMBHOCTL FIS-MoAenn, OoHWM He MNOMIHOCTbIO OXBaTbiBaloT BCe obnactn ee
npuMmeHeHus. oaTomy B OyayLIMX MCCAedoBaHMAX naaHupyetca anpobauma moaenn B ERP-
cucTemax, NpomblwneHHbIX [loT-naaTdopmax 1 rocyaapcTBeHHbIX MHGOPMALMOHHBIX pecypcax, a
TaKXKe KPOoCC-BaMAaLUMA B Pa3anYHbIX MHOPACTPYKTypax. ITO NO3BOAAET BONee WMPOKO OLLEHUTb
YHMBEPCANbHOCTb M BO3MOXKHOCTM NPUMEHEHNA MeTOAa.

Y7106bI OLEHUTH JOCTOBEPHOCTb PE3YNbTATOB, KaXKAbl CUeHapuit paccumTbiBanca 30 pas.
[na cueHapmes C BbICOKMM PUCKOM CpeaHee 3Ha4YeHWe MHTerpaabHOro pucka coctasnano 0,72,
aucnepcua boina Huke 0,015, a ana cueHapue LMS onpegensncs 95% poBepuTenbHbIN
nutepsan [0,70; 0,74].

MonyyYeHHble pe3ynbTaTbl NOATBEPKAAIOT CTabUAbHOCTb M BOCNPOM3BOACTBO FIS-moaenn
M YKa3blBalOT HAa €e BO3MOMKHOCTb MCMO/Ib30BaHMA B KayeCTBe HaAEXHOro MHCTPYMEHTa Mnpwu
OLEHKEe PMCKOB MHPOPMaUMOHHOM HBe30nacHOCTY.

Mpepnaraemana FIS-mopenb obecneunsaeT 3OGeKTUBHLIN DanaHC Mexay yd4eTom
HeonpeaeneHHOCTM, CHUMMKEeHMEM CYOBbEeKTMBHOCTM W afanTMBHOCTbIO. ITO  MO3BOAAET
MCNONb30BaTb €70 B MPAKTUYECKMX 3aZa4ax OLEHKM M yNpaBaeHUA pUCKammn MHGOPMaLMOHHOWM
H6e3onacHocTy.

MepcneKkTuBbl ByayLWMX NCCAeL0BaHNI

MonyyeHHble  pe3ynbTaTbl  CBMAETENbCTBYOT O  HeobxoAMMOCTW  AaNbHenwero
COBEPLWEHCTBOBAHMA MeToAa. B KayecTBe OCHOBHbIX HanmpasneHui Oyayuwmx mMccnenoBaHuM
pPacCMaTpMBaeTCA aBTOMaTU4Yeckoe ¢GOpMUMPOBaHME HEYETKMX MpPaBWA Ha OCHOBe OOAbLUMX
AAHHbIX M MUHTENNEKTyaIbHbIX aATOPUTMOB U MHTerpauma FIS-moaenn ¢ umdposbimm Ban3HeLaMM
MHPOPMALMOHHbBIX CUCTEM. ITO NO3BONAET MOBbICUTL TOYHOCTb OLLEHKM PUCKOB, CMOAENMPOBATL
CUEHapMKM aTakn 1 3apaHee oLeHUTb 3QGEKTUBHOCTb 3aLLMTHbLIX CTPATEMMN.

Takmm o0b6pasom, NPeaNoXKeHHbIM MOAXOA MOMKET CTaTb OCHOBOW ANA pa3paboTku
WHTENNEKTYaNbHbIX CUCTEM  YMNpPaBAEeHUA PUCKAMKM, COYETAIOLWLMX IKCNEPTHble  3HAHWA,
aBTOMATU3MPOBAHHbIM aHAIN3 AaHHbIX M BO3MOXHOCTM MPOrHO3MPOBAHMA.

3aKknoveHne

B uccnepoBaHuuM 6blia npeasioykeHa HeyeTkas norndeckas FIS-moaens, ocHoBaHHAas Ha
MmeToae MamaaHu Ona OUEHKU PUCKOB MHPopMaLMoHHOM 6e3onacHocTM. Moaenb nossonset
obpabaTbiBaTb HEM3BECTHble 3HAYeHMs Takmx GaKTOpPOB, KaK BEPOATHOCTb PUCKA, YPOBEHb
YA3BMMOCTM M CTOMMOCTb aKTMBa, M (QOPMUPOBATb WHTErPanbHYlO KOJIMYECTBEHHYIO W
NIMHTBUCTMYECKYIO OLIEHKY PUCKa.

Pe3ynbTaTbl 3KCNepMMeEHTaNbHOM anpobaumn nokasanun, 4YTo NPeaNOMEeHHbIN Mnoaxoa
adpdeKTMBHO ncnonsayetcs B cuctemax CRM, ERP 1 LMS. MosyyeHHble pe3ynsTaThl NOATBEPANIN,
yto FIS-moaenb 6onee TOYHO OUEHMBAET PUCKM B YC/NOBUAX HeEoNmpeaeneHHOCTU M HaZeXHO
Pa3/INYaeT YPOBHM PUCKA MO CPaBHEHUIO C TPaAMUMOHHbIMM meTogamm ISO/IEC 27005, NIST SP
800-30 u FAIR. Kpome TOro, mofenb MNPOAEMOHCTPUPOBAa BO3MOXKHOCTbL (POPMUPOBAHUS
ynpaBAeHYeCcKMX peKOMeHAaUMI B COOTBETCTBMM C YPOBHEM PUCKa.

OCHOBHble OrpaHMYeHUA KcCCNeaoBaHMA CBsA3aHbl C GOPMMPOBAHMEM 3SKCMEPTHbIM
noaxoAom 6asbl Heo4YeBWAHbLIX MPaBUA M MPOBEAEHUEM 3SKCMEPUMEHTOB B OrpaHUYEeHHbIX
CLLeHapmax.

B 6yayumx nccnenoBaHuax byayT paccmoTpeHbl 061acTM aBTOMATUYECKOW reHepaumn
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HeYeTKMx npaBua, uHTerpauum FIS-mogenn c nnatdpopmamu SIEM/SOAR m TexHonormemn
LUMbPOBbLIX ABOMHMUKOB.

B uenom, npepnaraeman FIS-mozenb asnaetca 3PPEKTUBHbIM  MHTENNEKTYaIbHbIM

WHCTPYMEHTOM A8 OLEHKMN PUCKOB MHGOPMALMOHHOM He30MacHOCTM M MOXKET MCNO/1b30BaTHCA B
KOpnopaTMBHbIX, 00Pa30BaTENIbHbIX M FOCYAaPCTBEHHbIX MHOOPMALMOHHbIX CUCTEMAX.

10
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Abstract

This article provides a brief sociological analysis comparing state models of legal regulation
of artificial intelligence technologies in developed countries around the world. It describes the
application of strategic risk-oriented platforms used in EU countries and delves briefly into the
National Strategic Plan for the Development of Artificial Intelligence in the United States, where
the study of the ethical, legal, and social consequences of implementing Al systems has been
identified as one of the main strategies for the country’s development in the near future. The
author justifies the relevance of the article through several interconnected processes: the global
"regulatory boom" in the field of Al, ranging from the European Al Act to China’s Algorithm
Recommendation Provisions and Kazakhstan’s Law "On Artificial Intelligence." The article also
addresses the growing gap between the speed of technological development and society’s ability
to comprehend and accept new rules of the game, as well as the necessity for developing
countries, such as Kazakhstan, to formulate their own regulatory model that does not merely copy
Western or Eastern examples but takes into account the national legal culture, the level of digital
literacy, and the value orientations of the population. At the same time, the author does not
overlook Kazakhstan’s closest neighbor and trade and economic partner, the People’s Republic of
China. According to the author, as the practice of recent years has shown, Al technologies have
already proven their effectiveness in China’s national security system. Thus, in order to minimize
the criminogenic situation in highly unreliable regions, as well as to establish control over the
largest technology companies (in order to prevent major IT giants such as Alibaba, Baidu, and
Tencent from monopolizing citizens’ user data), the Chinese authorities have introduced a social
credit system (social credit system), which evaluates the personality of each citizen according to
specifically trained parameters. At the same time, the Chinese government declares that the main
task of the system being implemented is not at all to ensure security, but rather to "build a
harmonious socialist society". This article presents a comparative sociological analysis of the
attitudes of populations from different cultural and civilizational regions towards the legal
regulation of artificial intelligence. Special attention is paid to understanding international
experience and its relevance for the countries of Central Asia, primarily for the Republic of
Kazakhstan, which is actively shaping its own national model of Al regulation. The article concludes
by raising the question of Kazakhstan’s competitive advantage in the battle for technological
leadership in the digital environment at the regional level of Central Asia.

Keywords: artificial intelligence, legal regulation, sociological analysis, public perception,
cultural differences, EU Al Act, digital governance, institutional trust, Central Asia, Kazakhstan.
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Introduction

In 2026, Kazakhstan officially announced its intention to become the first modern digital
state in Central Asia, prioritizing technological advancement in the IT sector, the attraction of
foreign investment and digital capital, the reduction of bureaucratic barriers, the enhancement of
governmental transparency, and the strengthening of national competitiveness in education,
business, and healthcare. During the second meeting of the Council for the Development of
Artificial Intelligence held in Almaty, President Kassym-Jomart Tokayev emphasized that the world
had entered a qualitatively new phase of technological transformation characterized by
unprecedented speed and depth of change. According to the President, artificial intelligence is
becoming the foundation of the emerging global economy, while big data has acquired the status
of a strategic resource. In this context, Kazakhstan regards Al development as a key national
priority and an essential component of its long-term modernization strategy (Akorda, 2026a). The
government's ambition to accelerate digital transformation is reflected not only in strategic policy
documents but also in large-scale infrastructure initiatives. One of the most prominent examples
is the construction of Alatau City in the Almaty region, envisioned as the first fully digital city in
Central Asia. The project aims to integrate Smart City technologies into all aspects of urban
management and public services, including digital payments, blockchain-based solutions, and
advanced data-driven governance systems (Bluescreen.kz, 2026).

Relevance of the research topic.

The rapid diffusion of artificial intelligence (Al) technologies has transformed Al from a
purely technical innovation into a major social, political, and regulatory phenomenon. As
algorithmic systems become increasingly integrated into public administration, law enforcement,
healthcare, education, finance, and judicial decision-making, questions concerning accountability,
legitimacy, transparency, and public oversight have moved to the center of contemporary
academic and policy debates (Mittelstadt et al., 2016; Jobin et al., 2019). The growing influence of
Al on decision-making processes has challenged traditional understandings of responsibility,
raising concerns about the distribution of authority between human actors, institutions, and
automated systems. Recent scholarship suggests that the governance of Al should not be viewed
solely as a legal or technological issue but rather as a broader sociotechnical challenge involving
institutional trust, democratic legitimacy, and public acceptance (Birkstedt et al., 2023). Although
more than eighty countries have either adopted or are currently developing national Al strategies,
regulatory frameworks, or specialized legislation, considerable variation exists in how societies
perceive and respond to these initiatives (Akorda, 2026; Cath et al., 2018). Consequently, the
effectiveness of Al regulation increasingly depends not only on legal precision but also on the
degree to which regulatory institutions are perceived as legitimate, transparent, and socially
accountable (Robles & Mallinson, 2023). From a sociological perspective, this raises a fundamental
guestion: why do similar regulatory measures generate substantially different public reactions
across cultural and political contexts? While some societies interpret government intervention in
Al governance as a necessary mechanism for protecting citizens' rights, ensuring fairness, and
mitigating technological risks, others perceive extensive regulation as a potential threat to
individual autonomy, innovation, and civil liberties (Cath et al., 2018; Veale & Borgesius, 2021).
These differences cannot be explained solely by legal frameworks; they are also shaped by
historical experiences, political culture, institutional trust, and prevailing social values. The
relevance of this research is determined by several interconnected developments. First, the world
is currently experiencing an unprecedented expansion of Al governance initiatives, often
described as a global regulatory turn in artificial intelligence. Examples include the European
Union's Al Act, China's Algorithm Recommendation Provisions, and the recently adopted Law of
the Republic of Kazakhstan "On Artificial Intelligence" (European Commission, 2024; China Law
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Translate, 2022; Law of the Republic of Kazakhstan, 2025). Second, technological innovation
continues to evolve more rapidly than society's ability to develop corresponding ethical normes,
legal safeguards, and mechanisms of democratic oversight, creating significant governance
challenges (Floridi et al., 2018). Third, developing and emerging economies face the complex task
of designing Al governance models that reflect national institutional realities rather than merely
replicating Western or East Asian regulatory approaches.

Despite the growing volume of research on artificial intelligence governance, the majority
of existing studies remain concentrated within legal studies, public policy, computer science, and
political economy. Comparatively fewer studies examine the sociological dimensions of Al
regulation, particularly the role of culture, values, trust, and public perception in shaping attitudes
toward regulatory intervention (Jobin et al., 2019; Birkstedt et al., 2023). This gap is particularly
evident in Central Asia, where scholarly understanding of societal responses to Al governance
remains limited. Therefore, this article contributes to the emerging sociological literature by
examining how cultural factors influence perceptions of Al regulation and by assessing the
relevance of international regulatory experience for Kazakhstan and the broader Central Asian
region.

Research Gap

Although the academic literature on artificial intelligence governance has expanded
considerably during the last decade, several important limitations remain. First, existing studies
predominantly examine Al regulation from legal, technological, and policy-oriented perspectives,
focusing on regulatory mechanisms, ethical principles, and institutional frameworks (Jobin et al.,
2019; Birkstedt et al., 2023). Comparatively less attention has been devoted to the sociological
dimensions of Al governance, particularly the role of cultural values, institutional trust, and public
legitimacy in shaping societal attitudes toward regulatory interventions. Second, most
comparative studies concentrate on North America, Western Europe, and East Asia, while
emerging regions remain significantly underrepresented in scholarly discussions. As a result,
limited knowledge exists regarding how societies outside these regions perceive the opportunities
and risks associated with artificial intelligence and how such perceptions influence support for
regulatory initiatives. Third, despite Kazakhstan's growing ambition to position itself as a regional
leader in digital transformation and artificial intelligence development, the country remains largely
absent from international debates on Al governance. Existing research rarely examines the
relevance of global regulatory experiences for the specific institutional, cultural, and socio-political
conditions of Central Asia. These gaps indicate the need for a sociological analysis capable of
connecting international experiences of Al regulation with broader questions of public trust,
cultural legitimacy, and societal acceptance, particularly within the context of Kazakhstan's
ongoing digital transformation.

Research aim. The aim of this article is to examine international approaches to the legal
regulation of artificial intelligence through a sociological perspective and to assess their relevance
for the development of Kazakhstan's emerging model of Al governance.

Research Question: How do cultural values, institutional trust, and societal perceptions
influence approaches to the legal regulation of artificial intelligence across different countries, and
what lessons can Kazakhstan derive from international experience in developing its own Al
governance framework?

Methodology

This study employs a comparative sociological research design aimed at identifying
similarities and differences in approaches to artificial intelligence regulation across various
political, cultural, and institutional contexts. The research is based on qualitative content analysis
of legislative acts, governmental strategies, policy documents, international reports, public
opinion surveys, and academic publications addressing Al governance. The empirical materials
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include regulatory frameworks and policy initiatives implemented in the European Union, the
United States, China, and Kazakhstan. These cases were selected because they represent distinct
models of Al governance reflecting different relationships between technological innovation, state
regulation, market mechanisms, and societal values. Comparative analysis was used to examine
the underlying principles of Al regulation, the role of public trust in governance processes, and the
influence of cultural factors on regulatory preferences. In addition, secondary analysis of
international survey data and policy reports was conducted to assess societal attitudes toward
artificial intelligence and government intervention in technological development.

Literature Review

The rapid expansion of artificial intelligence has generated a growing body of
interdisciplinary scholarship examining the governance mechanisms required to regulate
increasingly autonomous and data-intensive technologies. While early discussions primarily
focused on technical performance and innovation potential, contemporary research has shifted
toward questions of governance, accountability, transparency, and societal control over
algorithmic systems (Jobin et al., 2019; Floridi et al., 2018). As Al technologies become embedded
in public administration, healthcare, education, finance, and law enforcement, governments
worldwide face the challenge of balancing technological innovation with the protection of
fundamental rights and democratic values. The concept of Al governance extends beyond formal
legislation and encompasses institutional arrangements, regulatory frameworks, ethical
principles, organizational practices, and mechanisms of public oversight designed to guide the
development and deployment of artificial intelligence systems (Birkstedt et al., 2023). According
to Birkstedt et al. (2023), contemporary Al governance research is structured around several
interconnected dimensions, including regulatory design, stakeholder participation, accountability
mechanisms, technological transparency, and risk management. This broader understanding
reflects the recognition that the social consequences of Al cannot be addressed solely through
technical solutions but require comprehensive governance structures capable of responding to
complex societal challenges. One of the most influential developments in contemporary Al
governance has been the emergence of risk-based regulatory approaches. The European Union
has played a pioneering role in this regard through the adoption of the Artificial Intelligence Act,
which classifies Al systems according to the level of risk they pose to individuals and society (Veale
& Borgesius, 2021). Under this framework, regulatory requirements increase proportionally with
the potential social impact of Al applications, ranging from minimal-risk systems to prohibited
technologies that may threaten fundamental rights. Scholars argue that the European approach
represents a significant attempt to institutionalize ethical principles through legally enforceable
mechanisms, thereby moving beyond voluntary self-regulation by technology companies (Veale &
Borgesius, 2021). At the same time, the international literature demonstrates considerable
variation in regulatory philosophies across countries. While the European Union emphasizes
precaution, human rights protection, and algorithmic accountability, the United States
traditionally adopts a more innovation-oriented approach that seeks to minimize regulatory
barriers in order to preserve technological competitiveness (Cath et al., 2018). China, by contrast,
has developed a state-centered governance model in which artificial intelligence is closely
integrated into broader national strategies related to economic modernization, social
management, and national security (Roberts et al., 2021). These differences illustrate that Al
regulation is not merely a legal issue but also reflects broader political, cultural, and institutional
traditions. Despite the growing sophistication of Al governance frameworks, numerous scholars
emphasize that regulation alone cannot guarantee socially beneficial outcomes. Mittelstadt
(2019) argues that ethical principles such as transparency, fairness, accountability, and
explainability often remain difficult to operationalize in practice. Consequently, the effectiveness
of Al governance depends not only on legislative design but also on institutional capacity, public
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trust, and societal acceptance of regulatory interventions. This observation highlights the
importance of sociological perspectives capable of examining how different societies interpret,
negotiate, and legitimize emerging forms of technological governance.

The growing integration of artificial intelligence into social, economic, and political
processes has intensified scholarly interest in public attitudes toward Al technologies and their
regulation. While governments and technology companies frequently emphasize the efficiency,
productivity, and innovative potential of Al systems, public opinion remains considerably more
complex and often characterized by a combination of optimism and concern (Fast & Horvitz,
2017). Consequently, the success of Al governance depends not only on technological
performance or legal compliance but also on broader processes of social acceptance and
institutional legitimacy. Trust has emerged as one of the central concepts in contemporary
discussions of Al governance. According to Luhmann (1979), trust functions as a mechanism that
enables individuals to cope with uncertainty in increasingly complex social systems. Although
Luhmann developed his theory long before the emergence of artificial intelligence, his insights
remain highly relevant for understanding contemporary attitudes toward algorithmic decision-
making. Al technologies often operate as opaque systems whose internal logic remains
inaccessible to ordinary citizens. As a result, individuals frequently evaluate Al not on the basis of
technical knowledge but through their level of trust in the institutions responsible for developing,
regulating, and implementing these technologies. Recent empirical studies demonstrate that
public trust in artificial intelligence is strongly associated with perceptions of transparency,
accountability, fairness, and institutional competence (Robles & Mallinson, 2023). Citizens are
generally more likely to support the adoption of Al when they believe that governments and
regulatory authorities possess sufficient capacity to monitor technological development and
protect the public interest. Conversely, low levels of institutional trust often lead to heightened
concerns regarding privacy violations, surveillance, algorithmic discrimination, and the
concentration of power in the hands of governments or technology corporations.

Research also suggests that public attitudes toward Al vary significantly across social
groups. Factors such as age, educational attainment, digital literacy, political orientation, and
previous experience with digital technologies influence both perceptions of risk and support for
regulatory intervention (Zhang & Dafoe, 2019). Younger and more technologically experienced
individuals tend to perceive Al as a source of innovation and economic opportunity, whereas older
populations often express greater concern regarding employment displacement, social inequality,
and the erosion of human autonomy. These differences indicate that public perceptions of Al
cannot be reduced to simple support-or-opposition dichotomies but rather reflect broader
patterns of social stratification and technological engagement. Another important strand of
research examines the relationship between trust and regulatory preferences. Comparative
studies demonstrate that citizens who possess high levels of trust in public institutions are
generally more willing to accept state involvement in technological governance, whereas
individuals with lower levels of institutional trust tend to favor market-based or decentralized
regulatory approaches (Araujo et al., 2020). This finding is particularly relevant in comparative
international contexts, where historical experiences with government institutions significantly
shape attitudes toward digital governance and state intervention. Furthermore, scholars
increasingly argue that social acceptance represents a critical precondition for the long-term
legitimacy of Al governance systems. Regulatory frameworks that fail to account for public
concerns may encounter resistance even when they are technically sophisticated or legally robust
(Longoni et al., 2019). Consequently, understanding how citizens perceive Al-related risks and
regulatory initiatives has become an essential component of effective governance. From this
perspective, sociological analysis provides valuable insights into the mechanisms through which
trust, legitimacy, and public participation influence the success or failure of Al regulation. Despite
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the rapid growth of research on public attitudes toward artificial intelligence, existing studies
remain heavily concentrated in North America, Western Europe, and East Asia. Much less
attention has been devoted to emerging and developing regions, particularly Central Asia, where
digital transformation is progressing rapidly but where empirical evidence regarding societal
perceptions of Al remains limited. This geographical imbalance highlights the need for further
research examining how trust, cultural values, and institutional contexts shape public responses
to Al governance in non-Western societies.

Results and discussion

Cultural differences in the perception of Al requlation

The European continent was among the first in the world to raise the issue of legal
regulation of Al technologies, foreseeing in it a threat to national security, fearing privacy
violations, and discrimination based on gender, race, and religious preferences [7]. In the past
year, 2025, the EU Al Act —the European Artificial Intelligence Act (EU Artificial Intelligence Act, Al
Act) — became the world’s first comprehensive and all-encompassing regulatory act specifically
dedicated to the regulation of artificial intelligence at the regional level. Approved by the European
Parliament in the spring of 2024, it entered into force in 2025 and provides for the phased
implementation of requirements depending on the level of risk of Al systems.

The Regulation covers the entire lifecycle of artificial intelligence: from the design and model
training stage to their commercial deployment and subsequent use. The Al Act establishes
mandatory legal requirements for a wide range of entities, including:

— companies developing and placing Al systems on the EU market;

—organizations using artificial intelligence in their activities (including hiring, credit scoring,
biometric identification, and other sensitive processes);

— providers integrating machine learning models into products and services accessible to
European users.

Thus, the main objectives of the Al Act are as follows:

Increasing trust in Al — establishing uniform standards of transparency, safety, and
accountability in the use of Al for commercial and governmental purposes.

Risk management — introducing a classification of Al by risk levels, from minimal to
unacceptable, and establishing corresponding requirements for each category.

Standardization of processes — mandatory maintenance of technical documentation,
registration of systems in the EU registry, and conducting audits for compliance with
requirements.

Responsible technology development — stimulating innovation while simultaneously
preventing human rights violations and abuses of Al in the areas of surveillance and discrimination
(8].

One of the most discussed features of the EU Al Act has become its extraterritorial
application. The European Regulation extends its effect far beyond the borders of the Union: it is
binding not only for European companies but also for all foreign developers if their Al systems in
any way affect the interests of individuals or legal entities within the EU territory. Thus, Europe
has de facto established a global standard for the regulation of artificial intelligence. The law
applies to large international corporations, developers of SaaS platforms, cloud services, and even
small startups (something similar is observed in China, as discussed below) that offer their
products to European users or work with their data. This has turned the EU into one of the main
"trendsetters" in global digital policy. At the same time, European society demonstrates the
highest level of prudence and criticality towards artificial intelligence technologies. According to
the results of the Special Eurobarometer 554, 84 percent of EU citizens are convinced that the
development of Al must be accompanied by "strict state regulation," with more than 70 percent
of respondents expressing serious concern about issues of personal data protection and the risk
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of discriminatory decisions [9]. It is entirely justified that the European regulatory model (EU Al
Act) enjoys broad public support. It organically reflects the fundamental values of European
culture —the absolute priority of human rights and freedoms, the principle of transparency, ethical
responsibility, and the special protection of vulnerable groups of the population.

Pragmatism and innovative liberalism of the united states.

In the United States, public sentiment appears noticeably more positive and pragmatically
business-oriented. According to a 2025 Pew Research Center study, only 49 percent of Americans
support strict government control over the development of artificial intelligence. At the same
time, a significant portion of the population believes that business is capable of self-regulation in
this sphere. This clearly reflects the key cultural values of America: the importance of personal
freedom, the spirit of entrepreneurship, and a traditionally wary attitude toward “big
government” and its interference [10]. It should be noted that back during Barack Obama’s
presidency in 2016, the National Science and Technology Council approved the National Strategic
Plan for the Development of Artificial Intelligence [11]. It is important to emphasize that awareness
and study of the ethical, legal, and social implications of implementing Al systems were identified
in this document as one of the main strategies for the future development of the United States.
In addition, since February 2019, the United States has had a Strategic Plan for Al Research and
Development, which was updated in May 2023 by the White House Office of Science and
Technology Policy [12]. The updated document reaffirmed the need to conduct research on
understanding and addressing the ethical, legal, and social consequences of Al implementation.
According to strategic points Nos. 3 and 4, four key R&D directions were defined:

— Investment in fundamental research to advance the core values of neural network
algorithms (through the design of sociotechnical systems and consideration of the ethical, legal,
and social implications of Al);

— Mitigation of social and ethical risks associated with artificial intelligence technologies;

— Use of neural networks to solve legal, ethical, and social problems;

— Forecasting risks related to the global implications of Al.

It is expected that all these directions will reduce the level of tension between the state
and society — particularly among supporters of conservative views and values who demonstrate
varying degrees of distrust toward the introduction of IT technologies into their daily lives.

China and the harmonious socialist society

In China, another country actively developing neural network technologies, the principle
of collectivism functions effectively, accompanied by a high level of public trust in the state. This
results in one of the highest levels of acceptance of government regulation of Al. According to
studies conducted in 2024-2025, more than 75 percent of Chinese citizens responded positively
to the active role of the state in controlling modern technologies. The development of artificial
intelligence is perceived not as a threat to individual freedom, but as a tool for national
development, social harmony, and strengthening the state. Collectivist culture and a high level of
trust in central authority play a key role in this country. As practice in recent years has shown, Al
technologies have already demonstrated their effectiveness in China’s national security system. In
order to minimize crime in particularly high-risk prefectures and regions, as well as to maintain
control over major technology companies (to prevent giants such as Alibaba, Baidu, and Tencent
from monopolizing citizens’ personal data), the Chinese authorities have implemented the Social
Credit System. This system evaluates each citizen based on specially trained parameters. The
Chinese government states that the main objective of this system is not merely to ensure security,
but to build a “harmonious socialist society.” The cornerstone of this social model is proclaimed
to be honesty, which must be present in all actions of a citizen — from behavior on the internet to
respectful treatment of one’s parents. To systematically cultivate this quality, every citizen is
assigned an individual rating — points. Points are awarded for impeccable compliance with the law,
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participation in socially beneficial activities, and, for example, timely repayment of credit
obligations. Points are deducted for various violations depending on their severity. If the final
rating falls below the established threshold, a person’s life risks turning into a series of serious
restrictions and prohibitions. When the first version of the system was introduced in September
2016, the Chinese authorities published a detailed list of sanctions applied to individuals with low
ratings, including:

- Prohibition from employment in state institutions;

- Loss of access to social security;

- Enhanced customs inspections;

- Ban on holding managerial positions in the food and pharmaceutical industries;

- Denial of airplane tickets and sleeping berths on overnight trains;

- Ban on booking luxury hotel rooms and tables in expensive restaurants;

- Denial of admission to prestigious private schools for the children of violators.

From the perspective of the Chinese leadership, distinguishing between honest and
dishonest behavior is quite simple — the dividing line runs exactly along the boundary between
compliance with and violation of the law. However, many experts agree that Chinese laws regulate
everyday human existence far more meticulously and intrusively than the regulatory acts of
Central Asian countries [13]. These measures fully align with China’s doctrine for the development
of next-generation artificial intelligence, presented by the State Council in the “New Generation
Artificial Intelligence Development Plan” in 2017, designed for the period 2020-2030. As Professor
Alexander Arsenievich Petrov of the Moscow State Law University named after O.E. Kutafin writes
in his article “Chinese Digital Profile or Social Trust Scoring System,” this project includes several
directions:

1. Strengthening the computing power, performance, analytical potential, and predictive
capabilities of all socio-economic and military-political structures, including the SCS system.

2. Transforming China into a scientific and technological superpower.

3. Developing unique advantages in the military-technological sphere.

4. Turning China into the world’s leading center for cutting-edge Al technologies that sets
global trends.

5. Solving internal political tasks of large-scale control over population behavior to ensure
stability and preserve the current government.

According to Petrov, the implementation of these tasks is supported by massive state
funding and the financial resources of private high-tech companies. By 2030, no less than $150
billion is allocated for the development of next-generation Al, and another $1.5 trillion for the
computerization of state institutions and programs [14]. It is expected that in the coming years
(by 2030), the Chinese Al industry will occupy a very significant, if not leading, position in the world,
exceeding 1 trillion yuan in core sectors and 10 trillion yuan in related industries.

Al in Central Asia: the search for its own model

The so-called “Asian Tigers” — Singapore, South Korea, and Japan — are not lagging behind
the United States, Europe, and China. These countries demonstrate a balanced model of Al
development, where high technological optimism is smoothly combined with support for
government regulation in matters of security and ethics. The population of these countries, like
the Chinese, trusts the state as an effective moderator of technological progress and already has
certain advantages in this regard. Speaking about Central Asia and Kazakhstan, it can be
confidently stated that Kazakhstan, as the most digitally advanced state in the region, is in a unique
position. Today, Kazakhstan carefully studies, analyzes, and adapts the best international practices
(the European risk-based model) to its legislative initiatives. By the Decree of the President of the
Republic of Kazakhstan dated September 18, 2025, a separate ministry was established — the
Ministry of Artificial Intelligence and Digital Development of Kazakhstan [15]. However, despite all
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its positive aspects, the creation of a separate ministry does not guarantee instant success in the
race to become a regional digital hub in Central Asia, as this is a long and systematic process with
its own political and economic risks and costs. Nevertheless, in his recent Address to the Nation
“Kazakhstan in the Era of Artificial Intelligence: Current Tasks and Their Solutions Through Digital
Transformation,” President Kassym-Jomart Tokayev set an extremely ambitious goal — to
transform Kazakhstan into a fully digital country within three years [17]. As of early 2026, the
ambitious goals set by the leadership of the Republic of Kazakhstan are being systematically
implemented. Two landmark laws were signed: the Law “On Artificial Intelligence” dated
November 17, 2025 No. 230-VIIl and the Digital Code dated January 9, 2026 No. 255-VIII.
Preliminary sociological data show that Kazakhstani society demonstrates a mixed perception of
Al technologies in everyday life:

High technological optimism among young people and residents of large cities;

Significant concern about privacy and digital control;

Relatively high trust in the state as a regulator (higher than in Western Europe, but lower
than in China) [18].

In other Central Asian countries such as Kyrgyzstan, Uzbekistan, and Tajikistan, the level of
trust in state regulation of Al correlates with overall trust in government. However, there too, the
adult population tends to be more conservative and less active in mastering Al technologies
compared to the younger generation. As shown in Figure 1, differences in Al governance models
can be interpreted as the outcome of interactions between cultural values, institutional trust, and
societal perceptions of technological risks.
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Individualism O Liberal Entrepreneurship e®e Collectivismand @ post-Soviet Heritage
and Human Rights v and Market Freedom '.‘ State Responsibility _m]_.. and Modernization Values

EUROPEAN UNION g UNITED STATES Q CHINA
Q 9 Nl [
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Rights-based approach Innovation-oriented approach ’ State-centered governance Emerg-ng hybrid model
Strong demand for regulation Moderate demand for regulation Strong demand for regulation Mixed demand for regulation
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and fundamental rights and market solutions and collective benefits with state coordination
INSTITUTIONAL TRUST
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i Form and effectiveness of legal regulation and governance

Figure 1. Sociocultural foundations of contemporary Al governance models

The European model derives its legitimacy primarily from the protection of fundamental
rights and transparency mechanisms, whereas the American approach remains strongly
connected to market liberalism and innovation-oriented development. By contrast, the Chinese
model is characterized by a higher degree of public acceptance of state intervention, reflecting
the importance of collective interests and confidence in centralized governance structures.
Kazakhstan occupies a distinctive position within this spectrum. The country's emerging Al
governance framework incorporates elements from multiple international models while
simultaneously reflecting domestic institutional and cultural realities. This observation supports
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the argument that successful Al regulation cannot be transferred mechanically from one context
to another. Rather, governance frameworks must be adapted to existing patterns of institutional
trust, public expectations, and societal values. Consequently, Kazakhstan's future success in Al
governance will depend on its ability to balance technological innovation, regulatory oversight,
and public legitimacy within a rapidly evolving digital environment.

The comparative analysis demonstrates that approaches to Al governance differ not only
because of legal or technological factors but also because of broader sociocultural and institutional
contexts. Consistent with the findings of Cath et al. (2018) and Jobin et al. (2019), the regulation
of artificial intelligence reflects underlying societal values concerning authority, individual rights,
risk management, and technological progress. The European model represents the clearest
example of a rights-based approach to Al governance. Public support for the EU Al Act appears to
be closely linked to the historical development of European legal culture, where the protection of
privacy, transparency, and fundamental rights occupies a central position. As Veale and Borgesius
(2021) argue, the European regulatory framework seeks to transform ethical principles into legally
enforceable obligations. From the perspective of institutional trust theory, citizens are willing to
support extensive regulation because regulatory institutions are generally perceived as legitimate
guardians of public interests. The United States presents a substantially different model. Although
concerns regarding algorithmic accountability and discrimination are increasingly visible,
regulatory preferences remain strongly influenced by traditions of market liberalism and
technological entrepreneurship. Consistent with the observations of Cath et al. (2018), American
society tends to view innovation as a primary source of economic growth and global
competitiveness. Consequently, regulatory interventions are often evaluated in terms of their
potential impact on innovation rather than solely through considerations of risk reduction. China
illustrates an alternative governance paradigm characterized by strong state involvement and
comparatively high public acceptance of governmental oversight. As Roberts et al. (2021) note,
Chinese Al governance is embedded within broader national development strategies that
prioritize social stability, economic modernization, and national security. In this context,
institutional trust operates differently from Western democracies. Public support for Al regulation
is derived less from concerns about individual rights and more from expectations regarding state
effectiveness and collective welfare.

Kazakhstan occupies an intermediate position between these models. The country's
emerging approach to Al governance combines elements of European risk-based regulation with
a stronger role for state coordination and strategic planning. This hybrid orientation reflects both
the country's aspiration to integrate into global digital governance frameworks and its post-Soviet
institutional legacy. The findings suggest that Kazakhstani society demonstrates neither the strong
regulatory skepticism observed in some Western contexts nor the extensive acceptance of
centralized technological governance characteristic of China. These results support the argument
advanced by Birkstedt et al. (2023) that Al governance should be understood as a sociotechnical
phenomenon rather than merely a legal framework. Regulatory effectiveness depends not only
on legislative quality but also on the degree to which governance arrangements correspond to
prevailing cultural values, public expectations, and patterns of institutional trust. Consequently,
the long-term success of Kazakhstan's Al governance strategy is likely to depend on its ability to
balance innovation, public participation, transparency, and effective state oversight. Public
demand for Al regulation emerges not simply because artificial intelligence creates opportunities
but because it simultaneously generates new forms of uncertainty related to privacy,
accountability, surveillance, and social inequality. Different societies respond to these risks
through distinct institutional mechanisms, resulting in the diversity of governance models
observed across contemporary Al regimes.
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Conclusion

Global experience convincingly proves that the legal regulation of Al is determined
primarily by the current legislative framework, developed technological initiatives, and clear state
regulation regarding the application of neural systems in citizens’ public life. At the same time, it
can be concluded that no country in the world currently has a universal model that works equally
effectively across all social structures. Kazakhstan, followed by other Central Asian countries, is
pursuing a hybrid model of Al development that combines the European risk-based approach,
consideration of national cultural characteristics and high demand for state protection,
mechanisms of public participation, and the improvement of digital and legal literacy of the
population. As practice in recent years has shown, this approach is capable of ensuring not only
technological development but also a systematic transition from a regulated and limited model of
neural network implementation to their full social legitimacy within the system of legal regulation
and digital security for every citizen in Central Asian countries.

227



10.

11.

12.

13.

14.

15.

228

Proceedings of the 13th International Scientific Conference

References
Akorda. (a). Address by the Head of State Kassym-Jomart Tokayev to the people of
Kazakhstan “Kazakhstan in the era of artificial intelligence: Current tasks and their solutions
through digital transformation” [Electronic resource]. Retrieved May 21, 2026, from
https://www.akorda.kz/ru/poslanie-glavy-gosudarstva-kasym-zhomarta-tokaeva-narodu-
kazahstana-kazahstan-v-epohu-iskusstvennogo-intellekta-aktualnye-zadachi-i-ih-
resheniya-cherez-cifrovuyu-transformaciyu-885145
Akorda. (b). On the establishment of the Ministry of Artificial Intelligence and Digital
Development of the Republic of Kazakhstan [Electronic resource]. Retrieved May 20, 2026,
from https://www.akorda.kz/ru/o-merah-po-dalneyshemu-sovershenstvovaniyu-sistemy-
gosudarstvennogo-upravleniya-1883846
Akorda. (c). The head of state held the second meeting of the Council for the Development
of Atrtificial Intelligence [Electronic resource]. Retrieved May 11, 2026, from
https://www.akorda.kz/ru/glava-gosudarstva-provel-vtoroe-zasedanie-soveta-po-
razvitivu-iskusstvennogo-intellekta-44481
Birkstedt, T., Minkkinen, M., Tandon, A., & Mantymaki, M. (2023). Al governance: Themes,
knowledge gaps and future agendas. Internet Research, 33(7), 133-167.
https://doi.org/10.1108/INTR-01-2022-0042
Bluescreen.kz. (2026). The city of Alatau should become the first digital city of Kazakhstan
[Electronic resource]. Retrieved May 12, 2026, from https://bluescreen.kz/gorod-alatau-
dolzhien-stat-piervym-tsifrovym-ghorodom-kazakhstana/
Cath, C., Wachter, S., Mittelstadt, B., Taddeo, M., & Floridi, L. (2018). Artificial intelligence
and the good society: The US, EU, and UK approach. Science and Engineering Ethics, 24(2),
505-528. https://doi.org/10.1007/s11948-017-9901-7
China Law Translate. (n.d.). Provisions on the management of algorithmic
recommendations in internet information services [Electronic resource]. Retrieved May 17,
2026, from https://www.chinalawtranslate.com/en/algorithms/
EU Al Act. (n.d.). What is the EU Al Act? [Electronic resource]. Retrieved May 17, 2026,
from https://www.euaiact.com/web page name
European Commission. (n.d.). Special Eurobarometer SP554: Artificial intelligence and the
future  of work [Electronic resource]. Retrieved May 18, 2026, from
https://data.europa.eu/data/datasets/s3222 101 4 sp554 eng?locale=en
Floridi, L., Cowls, J., Beltrametti, M., Chatila, R., Chazerand, P., Dignum, V., ... & Vayena, E.
(2018). Al4People—An ethical framework for a good Al society. Minds and Machines,
28(4), 689-707. https://doi.org/10.1007/s11023-018-9482-5
Government of the Republic of Kazakhstan. (n.d.). Kazakhstan entered the TOP-30
countries with a high level of Al use [Electronic resource]. Retrieved May 22, 2026, from
https://www.gov.kz/memleket/entities/maidd/press/news/details/1233159?lang=ru
Jobin, A, lenca, M., & Vayena, E. (2019). The global landscape of Al ethics guidelines.
Nature Machine Intelligence, 1(9), 389-399. https://doi.org/10.1038/s42256-019-0088-2
Law of the Republic of Kazakhstan No. 230-VIII ZRK. (2025, November 17). On artificial
intelligence [Electronic resource]. Retrieved May 18, 2026, from
https://adilet.zan.kz/rus/docs/Z2500000230
Mittelstadt, B. (2019). Principles alone cannot guarantee ethical Al. Nature Machine
Intelligence, 1(11), 501-507. https://doi.org/10.1038/s42256-019-0114-4
Mittelstadt, B. D., Allo, P., Taddeo, M., Wachter, S., & Floridi, L. (2016). The ethics of
algorithms:  Mapping the debate. Big Data & Society, 3(2), 1-21.
https://doi.org/10.1177/2053951716679679




«Progress in Science» (June 11-12, 2026). Brussels, Belgium

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

National Science and Technology Council. (2023). National artificial intelligence research
and development strategic plan: 2023 update [Electronic resource]. Retrieved May 19,
2026, from https://www.nitrd.gov/pubs/National-Artificial-Intelligence-Research-and-
Development-Strategic-Plan-2023-Update.pdf

Petrov, A. A. (2020, October 24). Chinese digital profile or social trust scoring system
[Electronic resource]. Kutafin Moscow State Law University.

Pew Research Center. (2025, September 17). How Americans view Al and its impact on
people and society [Electronic resource]. Retrieved May 19, 2026, from
https://www.pewresearch.org/science/2025/09/17/how-americans-view-ai-and-its-
impact-on-people-and-society/

RBC. (2016, December 11). Digital dictatorship: How China is introducing the social rating
system [Electronic resource]. Retrieved May 19, 2026, from
https://www.rbc.ru/business/11/12/2016/584953bb9%9a79477c8a7c08a7

Roberts, H., Cowls, J., Morley, J., Taddeo, M., Wang, V., & Floridi, L. (2021). The Chinese
approach to artificial intelligence: An analysis of policy, ethics, and regulation. Al & Society,
36(1), 59-77. https://doi.org/10.1007/s00146-020-00992-2

Robles, P., & Mallinson, D. J. (2023). Artificial intelligence technology, public trust, and
effective ~ governance. Review  of  Policy  Research, 41(2), 262-284.
https://doi.org/10.1111/ropr.12555

Text.ru. (n.d.). Regulators and Al: What laws on neural networks were adopted worldwide
by 2026 and how this is changing the industry [Electronic resource]. Retrieved May 17,
2026, from https://text.ru/blog/regulyatory-i-ii-kakie-zakony-o-neyrosetyah-prinyali-v-
mire-k-2026-godu-i-kak-eto-menyaet-otras!

The White House Office of Science and Technology Policy. (2016, October 12). The
administration’s report on the future of artificial intelligence [Electronic resource].
Retrieved May 16, 2026, from
https://obamawhitehouse.archives.gov/blog/2016/10/12/administrations-report-future-
artificial-intelligence/

Veale, M., & Borgesius, F. Z. (2021). Demystifying the Draft EU Artificial Intelligence Act.
Computer Law & Security Review, 41, 105611. https://doi.org/10.1016/j.clsr.2021.105611
WCR Consulting. (2025, October 20). Al regulation in Europe: What businesses need to
know in 2025 [Electronic resource]. Retrieved May 18, 2026, from https://wcr-
consulting.com/blog/2025/10/20/ai-regulation-in-europe-what-businesses-need-to-
know-in-2025/

WIRED. (n.d.). The EU just passed sweeping new rules to reqgulate Al [Electronic resource].
Retrieved May 18, 2026, from https://www.wired.com/story/eu-ai-act/

229




I Proceedings of the 13th International Scientific Conference

Physical and Mathematical Sciences

TEPBE/ICTEP MEH TOMKbIHAAPADI
OKbITYAA LUMDPBIK
TEXHOMIOTMANAPABI MANAANAHYABIH
MEAATOTMKANBIK, MYMKIHAIKTEPI

FaHukbI3bl PaTma
MaructpaHT, «X. locMyxamejoB aTblHAAfbl ATbipay YHUBEPCUTETI», ATblpay Kanachl,
KasakctaH Pecnybamkacsi

AHOamna: Makanaga ¢usmKaHbiH, «Tepbenictep MeH TOAKbIHAAP» O6/iMiH  OKbITY
bapbicbiHAa UMPPAbIK Ginim 6epy nnatdbopmanapbiH NangdanaHydblH, NeaarorMkanblk »KaHe
aaicTemenik MyMKiHAKTepi KapacTblipblnaabl. Kasipri 6inim 6epy xyheciHaeri umdpnaHabipy
yAepici OKbITYyAbIH *KaHa dopmanapbl MeH TEXHONOTMANApbIH eHrisyai Tanan eteqi. Pusnka
NaHIHAEr KypAeni »kaHe abCcTpakTini yebiMmaapabl TYCiHAIpyAe uMdpabik naatdopmanap MaHbi3abl
pen aTkapaapbl. 3epTrey bapbicbiHAa PhET, GeoGebra kaHe BMpTyanabl 3epTxaHanap CUAKTHI
LUMPPAbIK pecypcTapablH OKy NpoLueciHe acepi TandaHabl. Lindpabik nnatdopmanapabl nanganaHy
OKYLbLNApAbIH,  TaHbIMAbIK, ~BenceHaifiriH - apTTbipbin, TeopuanbiK Oinimai  Taxkipnbemer
YLITACTbIpyFa MYMKIHAIK 6epeTiHi aHbIKTanabl.

Kinm ce30ep: undpnbik 6inim 6epy nnatdopmanapbl, Tepbenictep MeH TOAKbIHAAP,
dun3nKaHbl OKbITY, PhET cumynaumanapbl, BWMPTyanabl 3epTXaHa, WHTEPAKTUBTI  OKbITY,
neAarornkanbiK 3KCNepuMeHT.

Kipicne. Kasipri KofaMHbIH KapKblHAbI UMdpAaHybl binim bepy xyneciHe ae »aHa Tanantap
KOWMbIN OTbIp. Binim 6epy canacbiH apTTbipy, OKbITY VAEPICIH XKETINAIPY KaHe binim anywblnapabiH,
TaHbIMAbIK BenceHainiriv 4ambiTy macenenepi OyriHri KyHi epeklue mMaHbli3fa ne. PusnKa NaHiHiH,
«Tepbenictep mMeH TONKbIHAAP» OONIMIH OKbITY — OKYLWbINAP VLIIH Wi KUbIHAbIK Tyfbi3aTbiH
TakbIpbINTapAblH, 6ipi. By Takbipbin abCcTpakTiNi MaTeMaTUKaAbIK annapaTka HerisgenreHaikTeH,
OHbl TEK TEOPUANLIK TYPFbIAAH OKbITY MKETKINIKCI3 60bIN WbiFaabl. OCbl MaCeNeHiH, Welimi peTiHae
undpnblk 6inim 6epy nnaTdpopmanapbiH OKY YAepICiHe KipiKTipy MyYMKiIHAIKTepi 3epTTenes;.

3epTTeyadiH, MakcaTbl — MEKTenTiH, OKy npoueciHae Tepbenictep MeH TONKbiHAAP
TaKbIpblBblH OKbITYAbl XKeTinaipy ywiH unudpabik 6inim b6epy naatdopmanapblH THIMAI Kypan
peTiHAe KON4aHY MYMKIHAIKTepiH KepceTy. OCbl MaKCaTKa XeTy VWIiH TeopuAnbiK Tangay,
neaarornkasblK SKCNEPUMEHT KaHe CaHAbIK AepeKTepdi eHaey aicTepi KoNaaHbIAabI.

Hezizei 66sim.

LUndpnbik 6inim bepy nnatdpopmanapbl — Hinim 6epy MasmyHbIH ybIMAACTbIPYFa, OKY
npoueciH 6ackapyFa xaHe 6inim anylbinapabiH 3epTTey AafablAapbiH KaabiNTacTbipyFa apHaaFaH
INEKTPOHAbIK KyMenep. MeKkTen puanKachbl KOHTEKCIHAE eH, K1 KONAaHbIIaTbiH NaaThopmanap —
PhET Interactive Simulations (Konopago yHuBepcuteTi), GeoGebra xsHe Algodoo 6onbin
Tabblnagpl [1].

®ur3MKaHbl OKbITYAa LUMPPAbLIK naatdbopmanapabiH, 6acTbl apTbiK bbbl — GU3NKANbIK
KybblnbicTapabl BM3yanusaumsanay MyMmKiHAiri. KenTereH ©&u3MKanblK MNpoLECTEPAi HaKTbI
}araanaa 6akplnay KMblH HEMECe apHalbl 3epTXaHanblk Kypanaapasl KaxkeT eteai. An umdpbik
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MOZeNbAey Kypanaapbl apKblabl OKylWbinap 6yn KybbiabicTapabl MHTEPAKTUBTI TypAe 3epTTe
anagpl.

«Tepbenictep mMeH ToNKblHAAP» GenimiH oKbITy bBapbicbiHAa PhET naatdopmachiHbIH
MYMKIHAIKTEPI epeKwe MaHbI3abl. «Masses and Springs», «Pendulum Lab», « Wave on a String»
»oHe «Wave Interference» cumynaumanapbl oKkylWwbinapra Tepbenic napameTpaepiHiH, e3repyiH
Hakblnayfa, TONKbIHAAPAbIH Tapaay 3aHAbI/IbIKTAPbIH 38PTTEYTE KIHE IKCMEPUMEHTTIK MKYMbICTAP
Yprizyre MmymkiHzaik bepegi.

Mblicansl, « Wave on a String» cMMynaumMAChbl apKblaibl OKYLLbINAP TO/KbIH Y3bIHAbIFbI, XMiiK
YKOHE TONIKbIH Xbl1AAMAbIFbl apacbiHAaFbl OaMNaHbICTbl TXKiIPUOENiK }KoMMEH aHbIKTal anadbl. An
«Pendulum Lab» barmapnamacsl MaTeMaTUKabliK MAasTHUKTIH, yY3bIHAbIFbI MeH Tepbenic nepuoapl
apacbIHAafbl TOYENAINIKTI 3epTTeyre Kafaan *Kacanap.

ATanfaH nnaTdopmanapablH Heri3ri nearornkanblk apTbIKLWbIAbIKTAPbI:

MHTEPaKTMBTINIK — OKylWblNap BMPTyandpl 3epTxaHanapaa Tepbenic KaHe TOAKbIH
npouecTepiH moaenbAel OTbipbin, NapameTpaepdi e3repTin, HaTuxKeHi bipaeH 6akblnanabl.
3epTTeyep UHTEPaKTUBTI opTada maTepuanabl 30-40% THiMAipeK MeHrepineTiHiH Aanenaenai
[2].

Busyanmsauma — rapMoHMKanblK TepbenicTepiH amnamtygacbl meH dasacbl, AblObiC
TONKbIHAAPbIHbIH, Tapanybl CUAKTbI Kypaeni du3MKanbiK KybblNbiCTap AMHAMMKAbIK aHMMALMA
apKblNbl HAKTbl belHeneHeA,.

Mogaenbaey MyMKiHAiM — OKkyLWbl 6ip napameTpai e3repTe oTbipbin, 6ap/biK OacKkanapbiH
TipKen ycTtanabl. Mbicanbl, MadTHUK y3blHAbIFbI 4 ece apTKaHaa Tepbenic nepuoabiHbIH 2 ece
apTaTbiHbIH (T = 21V(l/g)) Taxipnbenik »konmeH «auwyFra» 6onaabl [3].

KonxeTimainik — BMpPTyandbl pecypcTapfa MHTEPHET apKblibl Ke3 KeareH yakbiTTa Ko
KeTKisyre 6onaapl. byn 3epTxaHa KabablKTapbl MKETKIiNIKCI3 MeKTenTepAiH OKyllblnapbiHa Aa
3amaHaym TaxKipnbenik okyfa KaTbicyfa MyYMKiHA K bepes,.

Tepbesnicmep MeH MOosIKbIHOAP MAKbIpblbbIH OKbIMYOaFrbl Macenesnep

FbinbiMM-NeaarorMkanslk 3epTreynep «TepbenicTep MeH TOAKbIHAAP» TapayblH OKbITyAa
OKylUblNapaa Wi KesgeceTiH KaTe narbiMaapabl aHbikTafraH. Wittmann (1998) kyprisreH
3epTTeyae OipiHWI KypCcTaH KeriH ae oKywblaapablH, 83%-bl TONKbIHHbBIH, Tapany KblAgamAablfblH
AypbIC TYCIHOENTIHI aHbIKTanabl [4]. KeH TapanfaH Katenikrep:

— TOJIKbIH KbINAAMAbIFbl MEH TacbiMandaylibl OpTaHbliH OeNWeKTep KblAAamAablFbiH
LaTacTbIpy;

— aMNANTYAa MeH KMiNik apacbiHAafbl TOYENAINIK Typanbl KaTe Naibim;

— bazanblK XKbl/IKY YFbIMbIH YaKbITLIA XKbI/IKYMEH LLATACTbIPY;

— cynepnosnuma NPUHLMNIH AypbIC TyCiHbey.

HacTypni oKbITY popmMaTbl — MyFasliMHIH, TyciHAipMeci MeH dopmynanapabl »atraTy — byn
KaTe nanbiMaapApbl KO VILIIH XeTKinikcis. MeKten 3epTxaHanapblHblH, KabablKTany AeHremniHiy,
}eTicneywiniri Ae TeopuAHbIH, NPaKTMKaMeH BannaHbICbIH }OATbIH Kafaal TyFbi3agbl [5].

Lugpneik nnamgopmanapdbiH NCUX002UANbIK-NeO0A202UKANbIK Hezi30epi

LUndpnbik  6inim  6epy nnatdopmanapbiHbiH - TUIMAININT  onapaplH,  TEXHOMOTUANbIK,
MYMKIiHAiIKTEPIMEH FaHa eMec, MCMXONOTUANbIK-Neaarornmkanbik TeopuanapMeH ae Herisgeneai. P.
MawnepaiH MynbTUMeAMNANbIK OKbITY TEOPUACHI BOMbIHLIA a/laM aKnapaTTbl €Ki apHa — BM3yanapl
XoHe Bepbanabl apHanap apkbiabl Kabbingangsl. LUndpabik naatdopmanap MaTiH, rpaduka,
aHUMaUMA KaHe AblbbiCTbl BipiKTipy apKblabl OKYy MaTepuanblH TUIMAI MeHrepyre afaam
Kacanabl.

KOHCTPYKTUBUCTIK OKbITY TEOPUACHI HBoMbiHLWA BiniM AalbiH KyliHae bepinmenai, okyLbl
OHbl ©3 TaXKipMbeci apKblabl KanbiNTacTbipaabl. BUpTyanabl 3epTxaHanap MeH cumynaumanap 6inim
anyuwblnapra Toxipmnbe Kyprisyre, boMKamaap Kacayra KaHe HaTUKenepadi Tanaayfa MyMKiHAIK
bepeni. byn e3 KeseriHge 3epTTeyWinik Aarablnapabl, KaabiNTacyblHa biknaa eTeai.
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CoHbIMeH KaTap Undpablk naaTpopmanap e3iHAIK peTTeneTiH oKy bl AaMbITyFa MyMKIHAIK
Hepeni. OKyLWbINAP OKY KaPKbIHbIH ©3Aepi TaHaan, KaxXeTTi maTepuangapra KanTa opanbin, Binim
AeHreniH esairineH 6afanai anagpl.

Lugpnsik nnamgopmanaposl KondaHyosiH adicmemenik xeylieci

3epTTey bOapbicbiHAa Tepbenictep MeH TONKbIHAAP TaKblpblOblH OKbITYAd LMPPIbIK,
nnatdopmanapabl 5E neparornkansik, moaenimeH (Engage — Explore — Explain — Elaborate —
Evaluate) ywracTbipy »KyMeci »acanapl. YArinik cabakTbiH, (45 MUHYT) KYPbIIbIMbI:

1. TapTy KeseHi (5 mMMH) — Myfanim TapTbiMabl GM3MKaNbIK cypaKk Koaabl. Mbicanbi:
«HenikTeH WblHbl AbIObICTAH CbIHYbI MYMKIH?» — pe30HAHC TakblpblbblHA AEreH Kbi3bIFyLbIbIK,
oAHaabl.

2. TeopuanbiK Kipicne (7 MUH) — Heri3ri yrbiMaap meH Gopmynanap Kpickalla bepinyi.

3. CvumynaumameH 3epTTey KeseHi (15 MMH) — oKylwblnap Kynta Hemece »keke PhET
CUMYNAUMACbIHAA OepinreH »KymbIC napafbl OOMbIHIIA AEpeKTep KWHaMAbl, rMnoTesanapblH
Tekcepes,.

4. TonTbIK TanKblnay (8 MWUH) — OKyLLbINap HaTUXKenepimeH Benicesi, MyFanim TEOPUANBIK
TYXKbIPbIMAbI HAKTbINAKAbI.

5. KopbITbiHAbI Tancbipma (10 MUH) — aHa KOHTeKCTTe (My3blKablk acnan, cencmorpad)
6iniMmai KoNJaHaTbIH LbIFAaPMaLLbI/bIK Tarncbipma OpbiHAaNaAbI.

Tepbenictep MeH TONKbIHAAP TaKblpblObIHbIH, HAKTbl Kiwi 6enimaepi VWiH apHalbl
cumynaumsnap TaHaanabl: epkiH tepbenictepre — PhET «Pendulum Lab» (MasTHWMK y3bIHAbIFbI MEH
NepuoAaTbIH TayenainiriH 3eptrey), peaoHaHcka — PhET «Resonance», MexaHWKanblK TONKbIHAAPFA
— PhET «Wave on a String», Abibbic TapaybiHa — PhET «Sound» cumynaumsnaps.

Xaneikapaneik maxcipube

onemaik Taxipnbe umbpabik nnatdopmanapapl GM3MKaHbl OKbITyAa NakaanaHyabiH
Ofapbl TMIMAINIrH KepceTeni. PUHAAHAMA MeKTenTepiHae UMPPAbIK CUMyAAUMAnap 3epTrey
HerisiHAeri OKpITy TaciNAepiMeH YLWTACTbIpbIAbIN  KoAdaHblnaabl. OKylblnap  GU3MKanbiK,
3aHAbINbIKTapAbl AalbiH  TypAe Kabblngaman, BUpTyanabl Toxipubenep apKplibl ©34epi
aHbIKTaMabI.

CuHranypaa  BuMpTyanabl  3epTxaHanap  meKkTen  OafaapnamacbiHbiH - MiHAETTI
KOMMOHEHTTepiHiH, Bipi 6onbin Tabblnagpl. byn enae 6apnbik 6inim Hepy yibimaapbl 3amaHaym
LUMbPAbIK pecypcTapmeH KaMTamachI3 eTiareH.

AKLLU-Ta a3ipneHreH PhET nnatdopmach! Kasipri yakbiTTa a/eMHIH XKy34eH acTam eniHae
KonaaHblnaapl. NnaTpopmaHbiH TUIMAINIMT KeNTereH xanblKapasblK 3epTTeyepMeH A3NeNAEHTEH.
KasakcrtaHaa aa «Uudpnbik KasakctaH» baraapnamacs! aacbiHaa 6inim 6epy npoueciHe undpbik,
TEXHONOTMANAPAb! eHTi3y BafbiTbiHAA XYMbICTAP XKYpPrizinyae.

KopbimbiHObI.

byrinri TaHaa 6inim 6epyai undbpnaHabipy TPeHAi GU3MKaHbl OKbITYAbIH a4icTeMenik
yWMeciH Tybereini »kaHapTyabl Tanan eteqi. Ocbl TYPFblAa MHTEPAKTUBTI UMb PAbIK NnaaTopmanap
OKY MPOLECIH KepHEKINeHAIpYyAiH, PU3MKabIK KyOblabiCTapabl MOAENbAEYAIH, KaHE TeEOPUS MeH
NPaKTMKaHbl 6aiNaHbICTbIPYAbIH KyaTTbl KYpasibliHa alnHanabl.

3epTTey OapbicbiHA@ MeKTen @U3MKacbiHbIH €eH Kypaeni api Aepekcis (abcTpakTini)
HarbITTapbliHbIH, Oipi — «TepbenicTtep meH ToAKbIHAAP» benimi TangaHabl. By TakblPbINTbl A3CTYPAI
TOCIIMEH MeHrepy KesiHAe OKylblNapaa TONKbIHABIK MPOLLECTEP MEH Pe30HAHC KybblabiCTapbliHa
KaTbICTbl KaTe TYCiHIKTepAiH, Ka/jbinTacy Kayni »Kofapbl. 3amaHayu cumynaumanap 6oyn
KMbIHOBIKTapAbl TUIMAI eHcepyre, Kypaeni npouecTepai BU3yanabl Kabbingayra MyMKiHAIK bepea;.
Uundpnbik pecypctapabl 5E neagarormkansik, moaenimed BipikTipe KoagaHy 6inim anywbinapabiy,
3epTTeyLWinik Aafablapbl MeH TaHbIMAbIK BenceHaiNiriH apTTbipaTbiHbl A31enaeH4,.

[ereHmeH, BMPTyandpl OKbITYAblH TaObICTbINbIFbl MEKTENTIH, TEXHWKaNbIK ©Ha3acbiHa,
MYFaniMHIH  IT-Ky3bIpeTTiniriHe KaHe 3KPaHAblK ToXipube MeH LWbiHalMbl 3epTXaHasblK,
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KYMbICTApAblH, ©3apa TeHrepimiHe Tikene 6GalnaHbiCTbl. KopbiTa aWTKanaa, UMOPAbIK
nnatdopmanapabl PuanKka cabakTapblHa agicTeMenik TypsblaaH AypbIC KipiKTipy — Binim canacbIH
KeTepyaiH, OKywblnapablH, OYHKUMOHANAbIK CayaTTbi/blfblH  APTTbIPYAbIH, KoHEe 3amaHayu
apaTbl/IbICTaHY-FblNbIMKM Binim bepyai AambITyablH 6acTbl Kenini 6onbin Tabblnaabl.
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BEVIHAI CbIHBINTAPAOA
TPUTOHOMETPUANBIK TEHAEYEPA|
OKbITYOA AEHTEMIK TANCLIPMAJIAP
KYWECIH KOOAHY

HymaT HypcyntaH o96aimypatynbl

MarmcTpaHT

TypTKapaesa ['ynHap baaHKbI3bI

nefarornKka fblnbiMAapbiHbIH KaHAMAaThl, L. YannxaHoB aTbiHAafbl KekweTay
yHuBepcuTeTi MaTemaTnKa,dusnKka KaHe MHGopMaTnKa KadeapacbliHbIH
KaybIMAACTbIpbIFaH Npodeccopsl

AHHOTaumA: 6yn Mmakanaga 6eMiHAiK CbiHbINTapda TPUIOHOMETPUANbIK TeHaeyepai
OKbITyAa AeHrennik TancbipManap KYMeciH KoNdaHyAblH TWIMAINIMN  KapacTblipblnagbl.
TPUrOHOMETPUANBIK TEHAEYNEpai MeHrepy 6apbiCbiHAa OKYLbIIAPAbIH Ke34ECeTiH KMbIHAbIKTAPbI
Tan4aHbIN, 0fapAbl eHCEPYAIH SA4iCTEMENIK XONAaPbl YCbIHbIAAAbI. ABTOP TPUTOHOMETPUANDIK,
TeHaeynepai TepT AeHreire 6enin, ap AeHrenre caMKec Tancbipmanap KyMeciH ycbiHabl.
YCbIHbIIFAH TaCi/T OKyLWbIIapablH, 6ifiM canacbiH apTTbipyfa KoHe ecen LWbiFapy AafabliapblH
[aMbITyFa bafblTTanfaH.

KinT cesaep: 6eliHAiIK CbiHbINTAP, MaTEMATUKAHbI OKbITY, TPUTOHOMETPUANBIK TEHAEYNEp,
OKbITY dJicTemeci, AeHremnik Tancbipmanap xyheci, anddepeHumaums, neaarormkanbik,
9KCMEePUMEHT, OKY Yaepici, 6inim canackl, ecen wWbiFapy Aarablaapsbl

AHHOTaumMA: B gaHHOM cTaTbe paccmaTpuBaeTca 3GGEKTUBHOCTb MCMO/b30BAHUA CUCTEMBI
YPOBHEBbIX 3a4aHUI NPU 0OYYEHUN TPUTOHOMETPUYECKUM YPaBHEHMAM B NPOPUIbHBIX Kaaccax.
MpoaHanM3MpoBaHbl TPYAHOCTW, C KOTOPbIMM CTa/IKMBAKOTCA ydallMeca npu  U3yYeHuu
TPUTOHOMETPUYECKUX YPABHEHUI, N NPEANOKEHbl METOAMYECKUE NYTU UX NPeosoneHns. ABTOp
npeanaraeT CUCTEMY 3a[@aHWI, Pa3AeNEHHYI0 Ha YeTbipe YPOBHA B COOTBETCTBUM CO CTEMEHbLIO
CNOXHOCTU. MNpeanoXKeHHbIn Noaxoa HanpasBieH Ha MOBbIEeHMEe KayecTBa 3HaHUI yYallmMxca u
Pa3BMTNE HAaBbIKOB pelleHns 3a4au.

KntoueBble cnoBa: NpoduabHbie KNaccbl, 0by4yeHne maTemaTuKe, TPUTOHOMETPUYECKUNE
ypaBHEeHMA, MeToAMKa 0bOyyeHua, CUCTeMa YPOBHEBbIX 3adaHui, anddepeHumaums,
nearormyeckmnin aKCNepMMeHT, y4ebHbIM NPOLLeCC, Ka4ecTBO 3HAHWM, HaBbIKM pelleHna 3aaau.

Abstract: This article examines the effectiveness of using a level-based task system in
teaching trigonometric equations in specialized classes. The difficulties faced by students in
learning trigonometric equations are analyzed, and methodological approaches to overcoming
them are proposed. The author presents a system of tasks divided into four levels according to
their complexity. The proposed approach is aimed at improving the quality of students’ knowledge
and developing their problem-solving skills.

Keywords: specialized classes, mathematics education, trigonometric equations, teaching
methodology, level-based task system, differentiation, pedagogical experiment, learning process,
quality of knowledge, problem-solving skills.
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Kipicne

Kasipri 6inim 6epy »yheciHOoe OeRniHAIK OKbITY OKylWblNapAblH Xeke KabineTTepiH
[aMbITyFa aHe onapablH, bonatlak Kacibm 6asbiTTapbliH aHbIKTayFa MyMKIHAIK 6epeTiH MaHbI3abl
HarbITTapabiH Oipi 6onbin Tabblnaabl. beliHAIK CbiHbINTapAa MaTemMaTWKaHbl OKbITY Ma3MyHbl
TepeHaeTireH cunatka me 60bIn, OKyLWblNapAaH KofFapbl AgeHrenaeri 6inim meH aafablinapabl
Tasnan eteq.

MaTemaTuKa  KYpCbIHbIH,  MaHbI3abl  BenimaepiHiH  6ipi  6onbin  TabblnaTbiH
TPUIOHOMETPUANIK TEHAEYNEP TaKblPblObl OKYLWbINAP YWiH KypAeni TakblpbiNTapablH, KaTapbiHa
atadbl. byn  TakblpbiNTbl  MeHrepy 6HapbiCbiHAA@  OKyLWbINAp Ui TPUIOHOMETPUANbIK
dopmynanapabl KongaHyna, TeHaeynepai TYpAeH4ipyae KaHe LWeliMHIH, Xannbl TYPiH Ka3yaa
KMbIHAbIKTapFa Tan 6onajbl.

OcblfaH 6alaHbICTbl TPUTOHOMETPUS/IbIK TEHALYNEPAi OKbITY YAEPICIH MKeTiN4ipy KoHe
OHbl THIMA} YMbIMAACTbIPY KaXKeTTiniri TyblHAanAbl. Kasipri negarorvkanbik 3epTTeynepae
OKbITYZbl Capanay, AfHW OKyLIblAApAbliH AeHreliHe Kapal TancblpmanapAbl YCbIHY MaHbI3abl
Tocingepain, 6ipi peTiHae KapacTbipblaab.

CoHAbIKTaH Oyn Makanada TPUTOHOMETPUANLIK TeHAeynepai OKbITyaAa JAeHrennik
TancbipManap *KymeciH KonaaHy Maceseci KapacTblpblaaab.

Herizri 6enim

1. TpuroHoMeTpUANbIK TeHAeYyNepai OKbITyAafbl HEri3ri KMbIHABIKTAP

TpUroHOMeTpUANbIK, ~ TeHAeynep  MeKTen  mMaTeMaTuMKa  KypCblHAafbl  Kypaeni
TakbipbiNTapablH, 6ipi 60bIN Tabblnaabl. Ocipece beMiHAiK CbiHbINTapaa 6yn benimai TepeHaeTin
OKbITYy OKyLUblapAaH *Kofapbl AeHrenaeri MaTemMaTMKaablK AalbiHAbIKTLI Tanan eTedi. Ananaa
ToXipnbe KepceTKeHAeN, OKyLWbINap TPUIOHOMETPUANBIK TeHaeynepai wey 6HapbicbiHAA
HipKkaTap *Kyneni KubiHAbIKTapFa Tan 6onaapl.

EH anabiMeH, Herisri macene — TPMroHOMETPUANLIK GOpMynanapabl *KeTKiNiKTi AeHrenae
MeHrepmey. OKylblnap Wi KOCbiHAbI, ablpMa KaHe eki ecenieHreH Oypbill GopmynanapbiH
laTacTbipadbl Hemece onapdbl AypbiC KonJdaHa anmangpl. byn TeHaeynepai TypneHaipyae
KaTeniktepre akeneai. CoHbIMEH KaTap, anrebpansik TYpAeHAIPY AafablNapblHbIH, XETKIAIKCI3Airi
Oe alkblH 6alkanabl: OKyLWbINap biKklWamaay, opTaKk KebelTKillKke KenTipy Hemece anmacTbipy
SAICTepiH KONA4AHYAa KMbIHAbIK Kepeai.

Tarbl 6ip MaHbI3Abl MaCENEe — LWELLIMHIH, *Kanmbl TYPiH *Ka3y. Ken Xafaanaa okylibinap Tek
eKkenereH wewimaepai TabymeH LWeKTenin, TPUroHOMeTPUANbIK GYHKLUMANAPAbIH, NePUOATLINbIK
KacuneTiH eckepmelnigi. COHbIMEH KaTap, ecenTi WeLyaiH TMiMAi a4iciH TaHaal anmay A4a KMbIHAObIK,
Tyfbi3aapl, cebebi okyLblap kebiHe bip faHa Tacinai KondaHyfa TbipbiCadbl.

ATanfaH KMbIHAbIKTAP OKYLWbINAPAbIH, JIOTUKAbIK OMNay »aHe Tanaay AafadbliapbiHbliH,
METKINIKCI3 gamybiMeH ae 6annaHbicTbl. Kypaeni ecentepai wewy ywiH 6ipHele Kagamabl Katap
OpbIHAAY *KaHe apanblk HATUKeNepai baranay Kaxer.

byn maceneneppiH, Herisri cebenTtepiHin, 6ipi — TancbipmanapablH, KYpAeninik ageHremiHin,
x)ymeni ynbimaacTblpblimaybl. OcbifaH 6alnaHbICTbl TPUTOHOMETPUABIK TeHAEYNEePAi OKbITyAa
OEeHreMniKk TancblpMmanap »yMeciH KoAgaHy KakeTTiniri TyblHAanabl, ©MTKEHI 0N OKyLWblAapablH,
HinimiH BipTiHAEN KanbIiNTacTbipyFa MyMKIHAIK Bepegi.

2. [leHreinnik Tancelpmanap XymeciHiH, KypblabiMbl

TpUrOHOMETPUANDLIK TEHAEYNEPAI OKbITYAafbl XOFapblAa aTa/ifaH KMbIHAbIKTapAbl eckepe
OTbIPbIM, OKbITY YAEPICIH TMIMAj YMbIMAACTbIPY YWiH TancbipManapabl *Kyneni Typae KypblibiMaay
KaskeTTiniri TybliHAanabl. OcbifaH 6HalfaHbICTbl TPUTOHOMETPUSAbIK TeHaeyaepdi OKbITyaa
OeHrennik Tancelpmanap XyMeciH KonaaHy yCbiHblAAAbI.

[eHrennik Tancelpmanap Kyheci okywblnapablH, 6ifimiH BipTiHAen KaabiNnTacTbipyFa
HafblTTaNFaH KaHe TancblpManapabl KYpAeninik AeHreniHe Kapan KeseH-Ke3eHimeH opbiHAAYyAbl
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Ke3zaenai. MyHAan »Kyle OKyLIbINAPAblH KEKe epeKLIenikTepiH eckepyre, onapabliH TaHbIMAbIK,
HenceHAiniriH apTTbipyfa XXaHe OKY HITUMKENEPIH KaKcapTyFa MyMKIHAIK 6epea;.

YCbIHbINbIN OTbIPFAH Tancblpmanap Kyheci TepT AeHrengeH Typadbl KaHe ap AeHren
Henrini 6ip oKy makcaTbiHa DafbiTTanFaH.

| neHren (6asanbik AeHremn)

byn peHrerge  KapanabiM - TPUTOHOMETPUABIK — TeHJeynep  KapacTblpblaaapbl.
Tancblpmanap TPUTOHOMETPUAbIK GYHKUMANAPAbIH, HEri3ri KacueTTepiH »aHe Kapananbim
dopmynanapabl KongaHyra HerisaenreH.

byn aeHrenain, Herisri makcaTbl — OKyLbl1apAblH 6a3anbik OiniMiH KanbinTacTblpy »KaHe
Heri3ri dopmynanapabl AypbIC KOAAAHY AaFablnapbiH AaMbITY.

Meblicanbl:

sin x=0, cos x=1

Il peHrel (opTawa aeHrein)

byn neHrenge TeHaeynepai Wwely ywid TYpaeHAaipy apekeTTepi KaxkeT 6onaabl. OKyLbliap
Kapanarbim anrebpanblk amanaapabl KoagaHa oTblpbIn, TeHAEYAi CTaHAAPTTbl Typre KenTipeai.

Byn aeHrenain, MakcaTbl — OKyLWbINapAblH TeHAeyAepai TYpAeHAipy AaFablnapbiH AaMbITy
*KoHe bipHelle KaZ@aMHaH TypaTbliH ecenTepai WeLlyre ympeTy.

Mpblicanbl:

2sin x=1=0

Il peHren (Kypaeni aeHrein)

bvn peHrenperi Tancblpmanap OipHelwe aficTi KongaHyabl Tanan etedi. OKylibliap
TPUIOHOMETPUAIK TOXKAECTBONAPAbI NalAanaHbIn, TEHAEYAI biKILAaMAANAbl }KIHE OHbI LeLYAiH,
TUIMAI XKONbIH aHbIKTANARI.

Byn AeHrenaiH, makcaTbl — SIOTMKabIK OMAay KabifeTiH AaMbITy XaHe apTypAi ajicTep
KON4aHY Aafabl1apblH KaabiNTacTbIpy.

Melcanbl:

sinz —cosz = 0

IV aeHrew (»kofapbl AeHren)

byn neHrenae Kypaeni KypbiabiMabl Hemece napameTpi 6ap TeHaeynep KapacTbipblaaap.
MyHZAaM TancbipMmanap OKyLblNapabliH, aHaAUTUKANbIK Oinay KabineTiH AamblTbin, 3epTTeyLWinik
OafAblnapbiH KaabiNTacTbipaabl.

Byn AeHrenaiH MakcaTbl — OKyLIblNApAbl KYPAENi ecenTepai WeLlyre, apTypAai Tacinaepai
CaNbICTbIPYFa KaHe TUiIMAJ LWewiMm Kabblngayra yupeTty.

Mpblicanbl:

sinx + cosx = a

[eHrennik Tanceipmanap )ymeciHiH, 6acTbl epekweniri — TanceipmanapabiH, 6ipisainiri meH
Xymeniniringe. Opbip Keneci geHren andblHFbl AeHrenae KanabintackaH b6inim meH Jdarablnapra
Herizgenei. byn oKyliblnapfa OKy mMaTepuasibiH DipTiHAEN MeHrepyre XaHe Kypaeni ecentepdi
Wwewyre ganbiH 6oayFa MyMKIHAIK bepegi.

CoHbIMeH KaTap, Oyn »Kyihe OKylbiNapAblH eKe OKy KapKblHbIH ecKkepyre afaaun
}acanapl. Op OKyllbl ©3 JAeHreriHe calKkec Tancbipmanapabl OpbiHAAY apKbiabl HiniMiH
XeTingipeai, an )orfapbl AeHrenaeri Tancbipmanap KabineTi »Kofapbl OKYLWbIAAP YWiH KOCbIMLLIA
MYMKIiHAK 6epea,.

Ocblnaniia, AeHrennik Tancblpmanap *Kymeci TPUrOHOMETPUANbIK TeHAEYNEepAi OKbITyAa
TMiMAj aaicTemenik Kypan 6o0sbin Tabblnagbl XaHe OKyWwblnapablH, 6ifiMm canacblH apTTbipyFa
bIKNan etea,.
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3. JeHrennik Tancolpmanap XymeciHiH, Tuimainiri

YCbIHbINFAH AEHreMniKk Tancblpmanap »KYMECiHIH TUIMAININH  aHbIKTay MaKcaTbiHAa
neaarornkanblK S3KCNePUMEHT XKyprizingi. 3epTrey HapbicbiHAa 6eMiHAIK CbIHbIN OKYLLbINAPbIHbIH,
TPUrOHOMETPUANBIK TeHAEYNepai MeHrepy AeHreni TandaHbin, OKbITY yaepiciHAe AeHrennik
Tancblpmanapabl KonAaHy HaTUxKenepi baranaHap.

JKcnepuMeHT bBipHelle Ke3eHHeH Typabl. Anfallkbl Ke3eHae AMarHOCTUKasbIK Oakbliay
MKYMbIChl  KYPri3inin, oKylwblnapapiH, 6actankbl  6inim  aeHreni  aHblKTanabl. HaTuxkenep
OKYLWbIApAblH, ~Kenuwiniri TPUrOHOMETPUANBIK TeHAeynepai wWewyae KWblHAbIKTapfa Tan
HbonaTtbiHbIH KepceTTi. Ocipece ¢opmynanapabl KonaaHy, TeHaeynepdi TYpPAeHAipy KaHe
WeLiMHIH, *annbl TYPiH Xa3yda KaTeniktep *ui bankanabl.

Keneci keseHae OKy yAepiciHe AeHremnik TancblpMmanap Kymeci eHrisingi. Tanceipmanap
KYpAeninik geHreniHe Kapan OipTiHAEN YCbIHbIALIM, OKyLWbIIAPAbIH, BifiMiH XKyleni gambiTyFa
barbITTanabl. 9p AeHren Oenrini 6ip AafablHbl Ka/AbINTacTbipydbl Kesdedi: bacTankblaa Herisri
dopmynanapabl MeHrepy, Kenid TeHaeynepai TYPAEHAIPY KaHe Kypaeni ecentepi weLy.

KopbITbIHAbI Ke3eHae KypridinreH 6akpliay KYMbICbl OKYLIbIAApAbiH Binim AeHremniHin,
apTKaHbiH KepceTTi. OKylWwblNap ecenTepai CeHiMAi LWblFapbin, KaTeniktep caHbl a3anabl,
NOTUKANbIK OMnay KabineTi MeH XKYMbIC KapKblHbl KaKcapabl.

Ocblnanwa, AeHrennik Tancblpmanap *Kymeci TPUrOHOMETPUANBIK TeHAeyNepai OKbITyAa
TMiMAi 24ic eKeHi AanenaeHa.
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Abstrakt

Artificial intelligence refers to computer systems that are capable of performing tasks
traditionally associated with human intelligence—for example, making predictions, identifying
objects, interpreting speech, and generating natural language. Al systems learn by processing
large amounts of data and looking for patterns to model their own decisions. In many cases,
humans will supervise the Al’s learning process, reinforcing good decisions and preventing bad
ones, but some Al systems are designed to learn unsupervised .

Artificial intelligence (Al) is a technology that allows machines to simulate human
intelligence and cognitive capabilities. Al can be used to make decisions, solve problems, and
perform tasks that are typically performed by humans.

While Al is an interdisciplinary science with many approaches, advances in machine
learning, and especially deep learning, are transforming almost every industry, and Al is becoming
an increasingly integral part of everyday life.

Artificial intelligence is a field of science concerned with creating computers and machines
that can think, learn, and act in ways that would normally require human intelligence or that deal
with data that is larger than humans can analyze.

Artificial intelligence is a technology that is currently being applied in various fields that are
developing very rapidly.

Keywords: intelligence, algorithm, simulation, virtual assistants, mathematical models.

INTRODUCTION

Over time, Al systems improve their performance at specific tasks, allowing them to adapt
to new inputs and make decisions without being explicitly programmed. In essence, Al teaches
machines to think and learn like humans, with the goal of automating work and solving problems
more efficiently [AP N2024. May 20, 2025ews. April 4].

Artificial intelligence aims to provide machines with processing and analysis capabilities
similar to humans, thereby making Al a useful companion to humans in their daily lives. Al can
interpret and sort through data at scale, solve complex problems, and automate multiple tasks
simultaneously, saving time and filling in operational gaps left by humans.

At the operational level, Al for business use is a set of technologies based mainly on
machine learning and deep learning, used for data analytics, predictions and forecasting, object
classification, natural language processing, recommendations, intelligent data search, etc.

Artificial intelligence is a broad field that encompasses many different disciplines, including
computer science, data analytics and statistics, hardware and software engineering, linguistics,
neuroscience, and even philosophy and psychology.

Al is the foundation for machine learning and is used in almost every industry—from
healthcare and finance to manufacturing and education—to help make data-driven decisions and
perform repetitive or computationally intensive tasks [Brennan Whitfield. 2025].

Many existing technologies use Al to enhance capabilities. We see it in smartphones with
Al assistants, trading platforms with recommendation systems, and vehicles with autonomous
driving capabilities. Al also helps protect people by testing online fraud detection systems and
robots for dangerous tasks, as well as leading research in health and climate initiatives.
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Materials and methods

Al systems work using algorithms and data. First, large amounts of data are collected and
fed into mathematical models, or algorithms, that use the data to recognize patterns and make
predictions, in a process known as training. Once the algorithms are trained, they are deployed in
various applications, where they continually learn from and adapt to new data. This allows artificial
intelligence systems to perform complex tasks such as image recognition, language processing,
and data analysis with greater accuracy and precision over time.

While the specifics vary among different Al techniques, the basic principle revolves around
data. Al systems learn and improve by being exposed to large amounts of data, identifying patterns
and relationships that humans might miss [Bhaskar S. 2024.].

This learning process often involves algorithms, which are sets of rules or instructions that

guide the Al’s analysis and decision-making. In machine learning, a popular subset of Al, algorithms
are trained on labeled or unlabeled data to make predictions or classify data.
Deep learning, a further specialization, uses multilayered artificial neural networks to process data,
mimicking the structure and function of the human brain. Through continuous learning and
adaptation, Al systems are becoming increasingly adept at performing specific tasks, from image
recognition to language translation and beyond.

Artificial intelligence (Al) is a technology that enables computers and machines to simulate

human learning, comprehension, problem-solving, decision-making, creativity, and autonomy
[Deiss, R., Henneberry R.2020].
Programs and dev ices equipped with Al can see and identify objects. They can understand and
respond to human language. They can learn from new information and experience. They can
provide detailed recommendations to users and experts. They can act independently, replacing
the need for human intelligence or intervention.

However, in 2024, most Al researchers, practitioners, and Al-related headlines are focused
on advances in generative Al (gen Al), a technology that can generate original text, images, video,
and other content.

Artificial intelligence is at the heart of innovations in modern computing that unlock value
for individuals and businesses. For example, optical character recognition (OCR) uses artificial
intelligence to extract text and data from images and documents, transforming unstructured
content into business-ready structured data and uncovering valuable insights [ Russell & Norvig
(2021].

When businesses talk about Al, they often talk about “training data.” But what does that
mean? Remember that Al with limited memory is Al that improves over time by being trained on
new data. Machine learning is a subset of Al that uses algorithms to train data to produce results.
In broad strokes, three types of learning models are often used in machine learning:

Supervised learning is a machine learning model that uses labeled training data (structured data)
to match a given input to an output.

Unsupervised learning is a machine learning model that learns patterns based on unlabeled

data (unstructured data). Unlike supervised learning, the final result is not known ahead of time.
Instead, the algorithm learns by dividing the data into groups based on attributes.
In addition to supervised and unsupervised learning, a mixed approach called semi-supervised
learning is often used, in which only some of the data is labeled. In semi-supervised learning, the
final result is known, but the algorithm must determine how to organize and structure the data to
achieve the desired results [Kaplan, Andreas; Haenlein, Michael (2019).].

Artificial intelligence (Al) is the ability of computing systems to perform tasks typically
associated with human intelligence, such as learning, reasoning, problem-solving, perception, and
decision-making. It is a field of research in computer science that develops and studies methods
and software that enable machines to understand their environment and use learning and
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intelligence to take actions that maximize their chances of achieving specified goals. There is
debate about whether artificial intelligence exhibits true intelligence or merely imitates human-
like behavior by mimicking it.

High-profile applications of artificial intelligence include advanced web search engines (e.g.,
Google Search); recommendation systems (used by YouTube, Amazon, and Netflix); virtual
assistants (e.g., Google Assistant, Siri, and Alexa); autonomous vehicles (e.g., Waymo); generative
and creative tools (e.g., language models and Al art); and analysis in superhuman games and
strategy games (e.g., chess) [Kate Gibson.2024].

The various subfields of artificial intelligence research are focused on specific goals and the
use of specific tools. Traditional goals of artificial intelligence research include learning, reasoning,
knowledge representation, planning, natural language processing, perception, and support for
robotics. To achieve these goals, Al researchers have adapted and integrated a wide range of
techniques, including search and mathematical optimization, formal logic, artificial neural
networks, and methods based on statistics, operations research, and economics. Al also draws on
psychology, linguistics, philosophy, neuroscience, and other fields.

Early researchers developed algorithms that mimicked the step-by-step thinking that
humans use when solving puzzles or making logical deductions. In the late 1980s and 1990s,
methods were developed for dealing with uncertain or incomplete data, using concepts from
probability and economics.

Many of these algorithms are not sufficient for solving large-scale reasoning problems
because they experience a "combinatorial explosion": They slow down exponentially as problems
get bigger. Even humans rarely use the step-by-step deduction that early Al research could model.
They solve most of their problems using fast, intuitive judgments. Accurate and efficient reasoning
is an unsolved problem.[ Russell &Norvig.2021]

Knowledge representation and knowledge engineering enable Al programs to intelligently
answer questions and make inferences about real-world facts. Formal knowledge representations
are used in content-based indexing and retrieval, scene interpretation, clinical decision support,
knowledge discovery, and other areas.

Among the most difficult problems in knowledge representation are the breadth of common sense
knowledge and the sub-symbolic form of the most general meaningful knowledge .

Affective computing is a field of systems that recognize, interpret, process, or simulate
human feelings, emotions, and moods. For example, some virtual assistants are programmed to
speak in a conversational manner or even joke around; making them more sensitive to the
emotional dynamics of human interaction or facilitating human-computer interaction.

However, this tends to give naive users an unrealistic concept of the intelligence of existing
computer agents. Moderate achievements in affective computing include text sentiment analysis
and, more recently, multimodal sentiment analysis, in which Al classifies the emotions displayed
by a videotaped subject.

Artificial intelligence (Al) is a field of computer science that aims to create machines capable
of performing tasks that typically require human intelligence. Artificial intelligence allows
machines to simulate human abilities such as learning, problem-solving, decision-making, and
understanding. Common applications of Al include speech recognition, image recognition, content
generation, recommender systems, self-driving cars, and Al agents .

CONCLUSION

The future of artificial intelligence holds great promise, with the potential to revolutionize
industries, enhance human capabilities, and solve complex problems. It could be used to develop
new medicines, optimize global supply chains, and power advanced robots—transforming the way
we live and work.
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Looking ahead, one of the next big steps for artificial intelligence is to move beyond weak or
narrow Al and achieve artificial general intelligence (AGIl) and eventually superintelligence. With
AGI, machines will be able to think, learn, and act in the same way as humans, blurring the lines
between organic and machine intelligence. This could pave the way for increased automation and
problem-solving capabilities in areas such as medicine, manufacturing, transportation, and more
[Toews (2023) .Van Esch, P.; Stewart Black,2021].

On the promise of technology In 2024, Anthropic CEO Dario Amodei speculates that strong
Al could accelerate innovation in the biological sciences tenfold by enabling more experiments to
be conducted at any given time and shortening the time between new discoveries and subsequent
research.

On the other hand, the increasing sophistication of Al also raises concerns about increasing
job losses, widespread misinformation, and loss of privacy. Questions remain about the potential
for Al to surpass human understanding and intelligence—a phenomenon known as technological
singularity, which could lead to unforeseen risks and possible moral dilemmas.
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Sini intellekt (Al) masinlara insan zakasini va idrak imkanlarini  simulyasiya etmaya imkan
veran texnologiyadir. Siini intellekt qararlar qabul etmak, programlari hall etmak va adatan
insanlarin yerina yetirdiyi tapsiriglari iicra etmak (glin istifada edila bilar.

Sini intellekt coxsayli yanasmalara malik fanlararasi elm olsa da, masin 6yranmasi va xisusila
darin 6yranma sahasinda iralilayislar demak olar ki, har bir sanayeni dayisir va siini intellekt giindalik
hayatin getdikca ayrilmaz hissasina ¢evrilir. Sini intellekt, normal olaraq insan zakasini talab
edacak sakilda diistina, 6yrana va harakat eda bilan va ya miqyasi insanlarin tahlil eda bilacayindan
cox olan malumatlari ehtiva edan kompliter va masinlarin yaradilmasi ilo alaqali bir elm sahasidir.

Sini intellekt kompliter elmlari, verilanlar analitikasi va statistikasi, aparat va program
mtuhandisliyi, dilgilik, nevrologiya, hatta falsafo va psixologiya da daxil olmagla bir ¢cox mixtalif
fanlari ahata edan genis bir sahadir.

Biznes istifadasi lciin amaliyyat saviyyasinda Al, asasan masin 6yranmasina va darin
Oyranmaya asaslanan, malumatlarin analitikasi, prognozlar va prognozlasdirma, obyektlarin
tasnifati, tabii dil emali, tévsiyalar, malumatlarin intellektual axtarisi va s. lglin istifada edilan
texnologiyalar toplusudur.

Siini intellekt hazirda c¢ox stiratla inkisaf edan miuixtalif sahalarda tatbiqg olunan bir
texnologiyadir.

Acar sozlar: intellekt, alqoritm, simulyasiya, virtual kémakgilar, riyazi modellar
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Abstract

The increasing complexity of healthcare systems, workforce shortages, financial
constraints, and growing patient expectations require healthcare organizations to transition from
reactive crisis response to predictive and data-driven management. This study aims to assess the
role of digital transformation and dashboard analytics in strengthening organizational resilience
using the case of Clinic Miras, a multidisciplinary healthcare organization in Kazakhstan. A mixed-
method case study approach was applied, integrating operational, financial, workforce, and
patient-related indicators. The study demonstrates that dashboard analytics enables early
detection of operational bottlenecks, supports managerial decision-making, improves resource
allocation, and enhances organizational resilience. Based on the findings, the MIRAS-RESILIENCE
7D framework is proposed as an integrated crisis management model for healthcare
organizations.
Keywords: digital transformation, dashboard analytics, healthcare management, organizational
resilience, crisis management, healthcare KPI, business intelligence.

1. Introduction
Healthcare organizations worldwide are currently operating in an increasingly complex and

uncertain environment characterized by demographic shifts, epidemiological transitions,
workforce shortages, financial constraints, rapid technological development, and growing patient
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expectations. These challenges have significantly increased the vulnerability of healthcare
organizations to operational, financial, organizational, and reputational risks. As a result, the
concept of organizational resilience has become one of the central topics in contemporary
healthcare management research [1,3,5,25].

According to the World Health Organization (WHOQ), resilient healthcare organizations are
capable of anticipating, absorbing, adapting to, and recovering from disruptions while maintaining
continuity of healthcare services and ensuring patient safety [1,5]. The COVID-19 pandemic
further demonstrated that traditional reactive management approaches are insufficient for
ensuring long-term sustainability. Healthcare organizations increasingly require predictive
management systems capable of identifying weak signals and emerging risks before they evolve
into full-scale organizational crises [3,5].

In recent years, digital transformation has emerged as one of the most influential drivers
of organizational resilience in healthcare [2,15,17,22]. Digital technologies have transformed not
only clinical practice but also management processes, decision-making mechanisms, patient
communication, and performance monitoring systems. Electronic medical records, business
intelligence platforms, customer relationship management systems, telemedicine services, and
advanced analytics tools have become essential components of modern healthcare organizations.
These technologies generate large volumes of data that can be utilized to support strategic and
operational decision-making [15,17,18,23].

One of the most promising developments within digital healthcare management is the
implementation of dashboard analytics [18,19]. Dashboard systems integrate data from multiple
sources and provide healthcare managers with real-time information regarding key performance
indicators (KPls), patient flow, workforce capacity, financial performance, quality indicators, and
patient experience measures. Unlike traditional retrospective reporting systems, dashboard
analytics enables continuous monitoring of organizational performance and facilitates early
detection of operational bottlenecks, service disruptions, and crisis-related risks.

The growing importance of dashboard analytics is closely associated with the development
of predictive analytics in healthcare management. Contemporary healthcare organizations
increasingly seek to move beyond descriptive reporting toward predictive and preventive
management approaches. By combining operational, financial, workforce, and patient-related
indicators within a unified analytical environment, dashboard systems provide managers with the
ability to anticipate organizational challenges, optimize resource allocation, and improve
responsiveness to rapidly changing conditions.

International organizations, including the World Health Organization (WHO), the
Organisation for Economic Co-operation and Development (OECD), and the European Observatory
on Health Systems and Policies, emphasize the importance of data-driven governance and digital
maturity as critical determinants of healthcare system resilience [1,2,3,4,5]. At the organizational
level, however, practical frameworks that integrate dashboard analytics into crisis management
processes remain relatively underdeveloped, particularly in emerging healthcare systems.

This challenge is particularly relevant for healthcare organizations in the Republic of
Kazakhstan. The healthcare sector is undergoing significant transformation associated with
digitalization, expansion of primary healthcare services, increasing competition among healthcare
providers, and growing expectations regarding accessibility and quality of care [2,4,15]. Under
these circumstances, healthcare organizations require integrated management models capable of
combining operational, financial, workforce, quality, and patient-centered indicators into a unified
decision-support system.

Clinic Miras represents an illustrative example of a multidisciplinary healthcare
organization operating in a dynamic and highly competitive environment. The clinic serves a
rapidly growing attached population, implements digital healthcare solutions, and faces
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challenges related to increasing service demand, workforce management, patient satisfaction, and
operational efficiency. These characteristics make Clinic Miras an appropriate case for examining
the role of digital transformation and dashboard analytics in strengthening organizational
resilience.

Despite the growing body of literature on digital health, business intelligence, and
healthcare analytics, limited research has examined dashboard analytics as an integrated element
of crisis management at the level of individual healthcare organizations [15,18,19,22]. Existing
studies predominantly focus on technological implementation, while insufficient attention has
been devoted to the strategic role of dashboard systems in enhancing organizational resilience
and supporting crisis preparedness.

The scientific novelty of this study lies in the development and application of the Digital
Contour of the MIRAS-RESILIENCE 7D framework, which integrates dashboard analytics, KPI
monitoring, predictive management, and organizational resilience principles into a unified crisis
management model for healthcare organizations. Unlike existing approaches, the proposed
framework combines operational, financial, workforce, quality, patient trust, and digital indicators
within a comprehensive early-warning system designed to support evidence-based managerial
decision-making.

The purpose of this study is to evaluate the contribution of digital transformation and
dashboard analytics to crisis management and organizational resilience using the case of Clinic
Miras and to develop practical recommendations for the implementation of integrated
dashboard-based management systems in healthcare organizations.

2. Research Objective

The objective of this study is to evaluate the role of digital transformation and dashboard
analytics in strengthening organizational resilience and crisis management capabilities of
healthcare organizations using the case of Clinic Miras, as well as to develop and substantiate the
Digital Contour of the MIRAS-RESILIENCE 7D framework as an integrated dashboard-based
management model for early identification of crisis signals, continuous monitoring of key
performance indicators, and evidence-based managerial decision-making.

To achieve this objective, the study focuses on assessing the impact of digital technologies,
business intelligence tools, and dashboard analytics on operational efficiency, workforce
management, patient-centered performance indicators, and organizational sustainability within a
multidisciplinary healthcare organization.

To achieve the study objective, the following research objectives were established:

v To analyze current approaches to digital transformation and dashboard analytics in
healthcare management.

v To assess the level of digitalization and implementation of digital management tools in
Clinic Miras.

v To evaluate the effectiveness of dashboard-based monitoring of operational, workforce,
quality, and patient-related indicators.

v To identify the contribution of dashboard analytics to early detection of operational and

organizational risks.
v To develop the Digital Contour of the MIRAS-RESILIENCE 7D framework as an integrated
crisis management mechanism for healthcare organizations.
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v To formulate practical recommendations for the implementation of dashboard analytics
as a tool for enhancing organizational resilience and crisis preparedness in healthcare
organizations.

3. Scientific Novelty

The scientific novelty of this study lies in the development and empirical substantiation of
the Digital Contour within the author’s MIRAS-RESILIENCE 7D framework, designed to enhance
crisis management and organizational resilience in healthcare organizations through the
integration of dashboard analytics, key performance indicator (KPl) monitoring, and data-driven
decision-making.

Unlike existing approaches to healthcare digitalization, which primarily focus on
technological implementation and process automation, the proposed framework conceptualizes
dashboard analytics as a strategic crisis management instrument capable of supporting the early
identification of operational, workforce, financial, quality, and patient-related risks [2,15,22].

The study contributes to the literature by proposing an integrated Digital Dashboard
Analytics Framework that combines data from medical information systems, customer
relationship management platforms, operational databases, and quality management systems
into a unified managerial environment for continuous monitoring and predictive assessment of
organizational performance [18,19].

A further scientific contribution is the adaptation of dashboard-based management
principles to the context of healthcare organizational resilience. The proposed approach enables
the transformation of fragmented operational indicators into an integrated early-warning system
that supports timely managerial interventions and strengthens organizational sustainability under
conditions of uncertainty [20,21,25].

Using the case of Clinic Miras, the study demonstrates the practical applicability of the
Digital Contour of MIRAS-RESILIENCE 7D and provides empirical evidence regarding the role of
digital transformation in improving crisis preparedness, operational efficiency, and strategic
responsiveness of healthcare organizations.

The originality of the proposed model lies in the integration of digital, operational,
workforce, quality, financial, and patient trust indicators into a single dashboard-based crisis
management architecture, which has not been previously described in the context of healthcare
organizations in Kazakhstan.

Research Contribution

. Theoretical contribution — advancement of the concept of organizational resilience in
healthcare organizations.

° Methodological contribution — development of the Digital Dashboard Analytics
Framework.
. Practical contribution —validation and implementation of the MIRAS-RESILIENCE 7D model

using the case of Clinic Miras.
4. Materials and Methods

This study employed a mixed-method case study design to investigate the role of digital
transformation and dashboard analytics in crisis management and organizational resilience within
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a healthcare organization. The case study approach was selected because it enables an in-depth
examination of complex managerial processes in a real-world organizational environment and
facilitates the integration of quantitative and qualitative evidence [24,25].

The empirical basis of the study was formed using operational, organizational, workforce,
quality, and patient-related data obtained from Clinic Miras, a multidisciplinary outpatient
healthcare organization operating in the Republic of Kazakhstan. The observation period covered
seven years, from 2019 to 2025, allowing the assessment of long-term trends in organizational
development, digital transformation, and performance management.

The study utilized multiple data sources, including annual organizational reports, primary
healthcare performance reports, workforce management records, patient feedback databases,
complaint monitoring systems, operational statistics, digital communication platforms, and
internal management dashboards. The use of multiple data sources ensured triangulation of
evidence and improved the validity of the findings.

One of the key indicators analyzed in the study was the dynamics of the attached
population. The number of registered patients increased from 13,631 individuals in 2019 to 33,357
individuals in 2025, representing a growth of approximately 145%. This substantial increase in
service demand created additional operational pressure on healthcare resources and highlighted
the importance of implementing digital management tools capable of supporting real-time
monitoring and evidence-based decision-making.

‘o;g Table 1. Dynamics of Attached Population in Clinic Miras (2019-2025)
(+
«®e Attached ®e Growth of Attached Population (2019-2025)
Year - Population ‘.‘,
Population
2019 13,631 40,000
35,000 33,172 33,252 33,357
2020 21,724 :
30,000
2021 22,016
25,000
2022 22,520 —
2023 33,172 15,000
2024 33,252 et
5,000
2025 33,357
o
/\}1 Crowth +145% 2019 2020 2021 2022 2023 2024 2025
W
l l 2019-2025 increase in attached
. population
° The attached population increased from ® . ® This significant growth reflects higher healthcare 0
o) . demand and the expanding role of Clinic Miras
13’631 in2019 0 33’357 in 2025. .-‘ in primary healthcare services.

Source: Author’s compilation.

To visualize the growth trend of healthcare demand, the following figure may be included
in the Results section:

The study also examined patient complaints as indicators of operational and service-
related risks. During 2024, Clinic Miras received 374 patient appeals and complaints. The
complaint database was analyzed to identify recurring operational bottlenecks, service
accessibility challenges, communication issues, and quality-related concerns. Complaint
categories were subsequently incorporated into the dashboard monitoring system as early-
warning indicators of organizational vulnerability.

Workforce indicators constituted another important dimension of the study. The analysis
included staffing completeness, workforce turnover, qualification levels, and workforce stability.
According to organizational reports, overall staffing completeness reached 95%, physician staffing
completeness was 97%, and nursing staffing completeness was 94%. At the same time, workforce
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turnover reached 38%, indicating the need for continuous workforce monitoring and resilience-
oriented human resource management.

Digital transformation indicators were evaluated through the assessment of implemented
digital initiatives, including electronic medical information systems, CRM-supported patient
communication, digital appointment scheduling, IP telephony, call-center integration, paperless
workflow solutions, and telemedicine-related services. Particular attention was paid to the extent
to which digital technologies supported managerial decision-making and crisis preparedness.

The analysis of primary healthcare (PHC) performance indicators included service
accessibility, patient routing, hospitalization pathways, referral management, and quality-related
metrics. These indicators were integrated into a dashboard-based monitoring environment to
support continuous performance assessment.

To evaluate organizational resilience from a managerial perspective, the study applied a
dashboard analytics approach. Dashboard indicators were grouped into six major analytical
domains: operational performance, workforce management, quality and patient safety, patient
trust, digital transformation, and financial sustainability. The dashboard framework served as the
analytical foundation of the Digital Contour within the MIRAS-RESILIENCE 7D model [6,7,18].

Table 2 Dashboard KPI Domains Used in the Study

‘ Dashboard Domain H Key Indicators ‘
‘Operational HPatient flow, waiting time, appointment accessibility ‘
‘Workforce HStafﬁng completeness, turnover, qualification level ‘
‘Quality HCompIaints, service quality indicators ‘
‘Patient Trust HNPS, CSI, repeat visits, patient feedback ‘
‘Digital HCRI\/I utilization, telemedicine use, digital communication ‘
‘Financial HRevenue stability, operational efficiency indicators ‘
‘ Source: Author's compilation ‘

The collected data were analyzed using descriptive statistical methods, comparative trend
analysis, KPlI monitoring techniques, and dashboard-based performance assessment. The
analytical framework was designed to identify relationships between digital transformation,
operational performance, and organizational resilience, as well as to evaluate the practical
applicability of dashboard analytics as a crisis management tool in healthcare organizations.

The methodological approach adopted in this study enabled the development and
empirical substantiation of the Digital Contour of the MIRAS-RESILIENCE 7D framework, which
integrates dashboard analytics into a comprehensive organizational resilience and crisis
management system.

5. Results and Discussion

Digital Maturity of Clinic Miras

Digital transformation has become one of the key determinants of organizational resilience
in modern healthcare organizations [2,15,17,25]. The assessment of Clinic Miras demonstrated a
progressive transition from traditional administrative management toward data-driven and
digitally supported decision-making.

The organization has implemented a number of digital initiatives, including a medical
information system, CRM-supported communication channels, IP telephony, call-center
integration, digital appointment scheduling, electronic documentation management, and
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telemedicine-related services. These initiatives have created the foundation for continuous

monitoring of operational performance and organizational resilience [15,17,22,23].

Table 3 Key Components of Digital Transformation in Clinic Miras

‘ Digital Domain H

Implemented Solution

‘Patient Communication

HCRM system, call-center integration

‘Appointment I\/IanagementHDigitaI scheduling system

‘I\/Iedical Records

HElectronic medical information system

‘Internal Communication HIP telephony

‘Documentation

HPaperIess workflow

‘Service Accessibility

HTeIemedicine and remote consultations

‘Performance Monitoring HKPI dashboard analytics

‘ Source: Author's compilation

As shown in Table 3, digital transformation in Clinic Miras encompasses all major
management domains, including patient communication, appointment management, medical
records, documentation, and performance monitoring. The implementation of digital solutions
has significantly expanded the organization's ability to monitor operational processes and support

evidence-based decision-making.

Analysis of Digital Transformation

The growth of healthcare demand has significantly increased the complexity of
organizational management. During the study period, the attached population increased from

13,631 individuals in 2019 to 33,357 individuals in 2025 (figure 1).

'050‘ DYNAMICS OF ATTACHED POPULATION IN CLINIC MIRAS (2019-2025)

Sustained Growth Reflecting Expanding Trust and Access to Primary Healthcare

2019 2020 a 2022 2023 2024 2025
< Z @
d@r 13,631 Gl 21724 22,520 & 33172 i€ 33,252 @ 33357
Base Year Strong Growth Continued Increase Steady Growth Major Expansion ilizati S ined Level
40,000
33,172 33,252 33,357
35,000
O O
5 30,000
§ 25,000 21,724 22,520
& —
& 20,000
B - 13,631
= ,
g 10,000
5,000
o o o o ©
2019 2020 2021 2022 2023 2024 2025
Growth 2019-2025 Average Annual Population Increase _ Peak Growth Stability
... /1 Growth Rate 2019-2025 ﬁ 2022-2023 0 2024-2025
)
«W  +145% ol 198% +47.3% +0.3%
[ ) (] The attached population increased from 13,631 in 2019 to 33,357 in 2025, { /f\
demonstrating strong trust in Clinic Miras and expanded access to quality primary healthcare. EI/

Source: Author’s compilation.

Figure 1 - Dynamics of Attached Population in Clinic Miras
Source: Author's compilation
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Figure 1demonstrates a substantial increase in the number of attached patients over the
observation period. The attached population grew by approximately 145% between 2019 and
2025. Such rapid growth created additional operational pressure on healthcare resources and
reinforced the necessity of implementing digital management tools capable of supporting scalable
and efficient healthcare delivery.

KPI Dashboard Monitoring

One of the major outcomes of digital transformation is the establishment of a dashboard-
based management system. Dashboard analytics enables healthcare managers to monitor
organizational performance in real time and identify operational risks before they evolve into
systemic problems [6,7,18,19].

Table 4 Dashboard KPI Structure Used in Clinic Miras
‘Dashboard Domain HKey Indicators

‘Operational Performance”Patient flow, waiting time, appointment accessibility

‘Workforce Management ”Stafﬁng completeness, turnover rate

‘Patient Trust ”NPS, CSl, repeat visits

‘Financial Sustainability ”Revenue and operational efficiency

‘Digital Performance ”CRI\/I utilization, telemedicine indicators

|
|
|
‘Service Quality HCompIaints, quality indicators |
|
|
|
|

‘ Source: Author's compilation

Table 4 illustrates the integrated dashboard architecture developed for Clinic Miras. Unlike
traditional reporting systems, dashboard monitoring combines operational, workforce, quality,
patient-related, and financial indicators within a single analytical environment, facilitating rapid
managerial response to emerging risks.

Patient Flow Analysis

Patient flow management is one of the most important elements of operational resilience
in healthcare organizations. The increasing number of attached patients has led to higher demand
for consultations, diagnostic services, and preventive healthcare programs.

The analysis revealed several operational challenges:

. uneven patient flow distribution;

. appointment accessibility limitations;

. overload of specific specialists;

. increased waiting time during peak periods;
. growing complexity of patient routing.

These findings are consistent with Lean Healthcare principles, which identify waiting time
and process variability as major sources of operational inefficiency [11,12].
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Figure 2 - Digital Patient Flow Management Framework
Source: Author's compilation

Figure 2 demonstrates the integration of digital technologies into patient flow
management. Dashboard analytics enables continuous monitoring of patient movement
throughout the healthcare process and supports timely interventions aimed at reducing
operational bottlenecks.

Workforce Resilience Dashboard
Workforce sustainability remains one of the most critical factors affecting healthcare

organizational resilience [13,14,25].

Table 5 Workforce Dashboard Indicators

‘Indicator HVaIue ‘
‘Overall Staffing Completeness H95% ‘
‘Physician Staffing Completeness H97% ‘
‘Nursing Staffing Completeness H94% ‘
‘Workforce Turnover H38% ‘
‘Physicians with Qualification Category H68% ‘
‘Nurses with Qualification Category H71% ‘
‘ Source: Author's compilation ‘

The workforce dashboard presented in Table 5 indicates generally high staffing
completeness. However, workforce turnover remains relatively high at 38%, representing a
significant organizational risk. Dashboard monitoring allows healthcare managers to track
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workforce stability, identify early signs of burnout, and implement retention strategies aimed at
strengthening organizational resilience [13,14].

Patient Trust Dashboard

Patient trust has become an increasingly important dimension of healthcare performance
evaluation [8,9]. Modern dashboard systems integrate patient-centered indicators into
management decision-making processes.

Table 6 Patient Trust Dashboard Components

‘Indicator HManagement Purpose ‘
‘Net Promoter Score (NPS) HLoyaIty assessment ‘
‘Customer Satisfaction Index (CSI) HSatisfaction monitoring ‘
‘Patient Complaints HEarIy warning indicator ‘
‘Repeat Visits HTrust and retention assessment ‘
‘Digital Feedback HReputation monitoring ‘
‘ Source: Author's compilation ‘

Table 6 presents the Patient Trust Dashboard integrated into the management system of
Clinic Miras. The dashboard enables continuous monitoring of patient experience and supports
the early identification of reputational risks that may negatively affect organizational
sustainability.

Financial Sustainability Dashboard
Financial stability remains a critical component of organizational resilience [6,7,8,20]

(Table 7).

Table 7 Financial Dashboard Indicators

‘Indicator HStrategic Significance ‘
‘Revenue Dynamics HFinanciaI sustainability ‘
‘Service Productivity HOperationaI efficiency ‘
‘Cost Management HResource optimization ‘
‘Patient Retention HRevenue stability ‘
‘Digital Service Utilization Hlnnovation performance ‘
‘ Source: Author's compilation ‘

The financial dashboard supports continuous monitoring of revenue generation, resource
utilization, and operational efficiency. The integration of financial indicators with operational and
patient-related metrics enhances managerial awareness and improves crisis preparedness [6,7,8].

Integration into the MIRAS-RESILIENCE 7D Framework

The findings of this study formed the basis for the development of the Digital Contour of
the MIRAS-RESILIENCE 7D framework.
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DIGITAL CONTOUR WITHIN

MIRAS-RESILIENCE 7D

DATA-DRIVEN CRISIS MANAGEMENT FOR HEALTHCARE ORGANIZATIONS
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Figure 3 - Digital Contour within MIRAS-RESILIENCE 7D
Source: Author's compilation

Figure 3illustrates the architecture of the Digital Contour within the MIRAS-RESILIENCE 7D
framework. The proposed model transforms fragmented organizational data into a unified
analytical environment that supports continuous monitoring, predictive management, and early
identification of crisis-related risks [18,19,20,21,25].

The results demonstrate that digital transformation and dashboard analytics represent not
only technological innovations but also strategic management tools capable of enhancing
organizational resilience, improving operational efficiency, and strengthening crisis preparedness
in healthcare organizations. The case of Clinic Miras confirms the practical applicability of
dashboard-based management and provides empirical support for the integration of digital
analytics into crisis management systems [1,2,3,15,18,25].

6. Conclusions
1. The findings of the study confirm that digital transformation has become a critical

determinant of organizational resilience in healthcare organizations. The case of Clinic
Miras demonstrates that the integration of digital technologies into management
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processes significantly enhances the organization's ability to respond to operational,
workforce, financial, and reputational challenges.

The analysis revealed a substantial increase in healthcare demand, as evidenced by the
growth of the attached population from 13,631 patients in 2019 to 33,357 patients in
2025. This increase of approximately 145% created additional pressure on healthcare
resources and highlighted the necessity of implementing digital management tools capable
of supporting sustainable organizational growth.

Dashboard analytics proved to be an effective management instrument for continuous
monitoring of key performance indicators. The integration of operational, workforce,
patient trust, quality, digital, and financial indicators into a unified analytical environment
improved managerial visibility and facilitated evidence-based decision-making.

The implementation of dashboard monitoring enabled the early identification of
operational bottlenecks, workforce-related risks, patient experience challenges, and
potential threats to organizational performance. The findings demonstrate that
dashboard-based management supports a transition from reactive crisis response to
proactive and preventive management practices.

The study confirmed the strategic importance of patient-centered and workforce-related
indicators as components of organizational resilience. Workforce turnover, staffing
completeness, patient complaints, service accessibility, and patient trust indicators were
identified as critical variables requiring continuous monitoring within healthcare
organizations.

Based on the empirical evidence obtained from Clinic Miras, the study developed and
substantiated the Digital Contour of the MIRAS-RESILIENCE 7D framework. The proposed
model integrates digital data sources, dashboard analytics, KPl monitoring, and crisis
management mechanisms into a comprehensive early-warning system designed to
strengthen organizational resilience.

The scientific contribution of the study lies in demonstrating that dashboard analytics
should be considered not merely as a technological solution but as a strategic management
tool that supports crisis preparedness, operational sustainability, and long-term
organizational development in healthcare organizations.

The practical significance of the study is reflected in the applicability of the proposed Digital
Contour and dashboard-based management approach for healthcare organizations
seeking to improve operational efficiency, enhance crisis management capabilities,
strengthen patient trust, and increase organizational resilience under conditions of
uncertainty and rapidly changing healthcare environments.

The results of this study provide empirical support for the integration of digital

transformation initiatives and dashboard analytics into healthcare management systems and
contribute to the further development of resilience-oriented management models in healthcare
organizations.
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BBeaeHue. MnTaTelbHOE OTBEPCTME NPeacTaBaseT cobol Heboblloe OTBEPCTME B KOCTH,
Yepes KOTOPOE B KOCTHYIO TKaHb BXOAUT NMUTatoLLLaA apTepus, obecneynsatollan KpoOBOCHabKeH e,
POCT WM MNPOLECChbl OKOCTeHeHuA. [luTarowaa apTepusa AJIMHHbIX KOCTEW MNpOXoAMT Yepes
nMTaTe/IbHOE OTBEPCTME KOCO M Aanee cnedyeTt Nno NUTaTeNbHOMY KaHa/ly B KOCTHOMO3FOBYHO
nonocTb. JIoKanmsauma nutaTebHblX OTBEPCTUIA MOMET M3MEHATLCA B MPOLECCE POCTa KOCTW,
NOCKO/IbKY OAMH M3 €€ KOHLOB PacTéT ObicTpee Apyroro. Y B3pOC/ablX NUTAIOWMIA KaHan umeeT
eIMHCTBEHHbIN HAaPY)KHbIA BbIXOA — nuTaTesbHoe oTBepcTue. CoxpaHeHue apTepuasbHOro
KPOBOCHAbKeHNs MMeeT BarKHOe 3HavyeHune ANA HKUM3HEeCcnoCobHOCTU KOCTHOM TKaHW, 0coBeHHO
Npu NPOBEAEHUU PEKOHCTPYKTMBHbLIX OMepaumin M WUCNOAb30BaHUM  BACKYASPU3NMPOBAHHbIX
KOCTHbIX TPaHCMAAHTATOB. 3HaHWe Tonorpadum nuTaTeNbHbIX OTBEPCTUIM Heobxoammo ana
npeaoTBpalleHMa  MOBPEXAEHMA  COCYyAOB  MPW  BbIMOJAHEHUM  OPTOMEAMYECKUX U
TPaBMaTONOrMYECKNX BMELLATENLCTB.

Uenb nccneposanus. M3yumts aHaTOMO-MOpPOMETPUYECKME 0CODBEHHOCTN NUTaTEeIbHbIX
OTBEpPCTUIM BeJpeHHOM KOCTN YenoBeKa, onpeaeInTb NX KOANYEeCTBO, T0KaIN3aLMI0 U PasMepsbl.

Martepuanbl n metoabl. MiccneposaHue nposeaeHo Ha 10 npenapaTax beapeHHbIX KOCTel
n3 ¢poHaa Kapeapbl HOpMmaabHOM aHaToMnK MMeHK C.P. KapbiHbaeBa Ka3axckoro HauMoHaAbHOMo
MeaNLMHCKOro yHmuBepcuTeTa umenn C.J. AcheHamaposa. BbiMoAHANOCL BU3yaibHOE U3yYeHUe
aHaTOMMYeCcKMX OCODeHHOCTeM NUTaTeNbHbIX OTBEPCTUMI, WX JNIOKanusaumMm wn  GOpMbl.
OugeHKMBaNacb HanpPaB/AEHHOCTb NUTaTe/bHbIX KaHan0B. Bce M3mepeHMa NpoBoOAMANCE MOBTOPHO
ON5 NOBbILLIEHNA AOCTOBEPHOCTM MOJTYYEHHbIX PE3Y/1bTATOB.

PesynbTaTbl. B X0A€ aHaToMM4eckoro 1 MopdOMETPMYECKOrO MCCNeN0BaHMA YCTAHOB/EHO,
YTO NMTaTe/NibHble OTBEPCTMA BeapeHHOM KOCTM NPeMMyLLECTBEHHO PacnofaratoTca Ha 3aaHen
noBepxHocTn Amadmsa B 0HnaCTM LepoxoBaTon NuMHUK (linea aspera), ABNAIOLLIENCA MECTOM
npukpenneHns pagaa Mol 6eapa. B 90% uccnenoBaHHbIX NpPenapaToB BblSBAEHO OAHO
nuTaTeNbHOE OTBepCTWe, Toraa Kak B 10% cnyyaeB obHapy»eHO ABa oTBepcTuaA. CpedHui
AMaMeTp NuUTaTeNbHbIX 0TBepPCTMIA cocTaBua oT 1 4o 3 mm. CnhedyeT OTMETUTb, YTO NOJyYEHHbIE
pasmepbl  ABAAKTCA  OPUMEHTMPOBOYHbLIMM,  MOCKOAbKY  M3MEPEeHMA  NPOBOAMAMCL  C
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MCNO/Ib30BaHMEM NIMHENKW. BO BCex MCCNenoBaHHbIX MpenapaTax HanpasAeHWe MUTaTeNbHbIX
KaHanoB OblI0 OPMEHTMPOBAHO MPOKCMMANbHO, B CTOPOHY Ta3o0beapeHHOro CcycTaBa, YTo
COOTBETCTBYET 0bL,eMy aHAaTOMUYECKOMY NPaBUAY HanNpaBAeHUA NUTATeNbHbIX COCYA0B ANVNHHbIX
TPybUYaTbiX KOCTEN HUKHEN KOHEYHOCTM — «OT KOAeHa». AHaAM3 NUTepaTypHbIX AaHHbIX
MOKa3blBaeT, YTO pPas3mepbl MUTATENbHbIX OTBEPCTMIA MOryT BapbWMpOBaTb B 3aBMCMMOCTM OT
BO3pacTa, Nosa U QYHKUMOHANBbHOW Harpy3KkM Ha KOCTb. [ IMHA NMTaTeNbHOro KaHana y B3pOC/bIX
0bbluHO cocTtaBnser 5-10 MM, O[IHAKO MOXKET YBEAMUMBATHCA MPU BbICOKOM GU3MYECKOM
aKTMBHOCTMU.

BbiBOA, poBeaéHHOE ncCcnenoBaHMe NOKa3ano, YTo NMTaTeNbHble 0TBEPCTMA beapeHHOM
KOCTM MMeT onpeaenéHHble 3aKOHOMEPHOCTU JIOKaM3aluMmM M HanpaBNeHUA, CBA3aHHble C
0COBEHHOCTAMM KPOBOCHADMXEHMA KOCTHOM TKaHW. Hambonee 4acTo OHM pacnonaraloTca Ha
3aZHel MNoBepxHOCTM Amadusa B 0ONACTM LIEPOXOBATOM JIMHWUM U NPeACcTaBAeHbl OAHWM
oTBepcTMem. [lonyyeHHble AaHHble MMEKT MPaKTMYecKoe 3HayeHwe [A1A TPaBMaTONorMK,
opToneamMn M PEKOHCTPYKTMBHOW XWMPYPrMM, MOCKO/bKY MO3BONAKT YYUTbIBAaTb OCOOEHHOCTM
cocyancToro obecneyeHna befpeHHON KOCTM NPK NAAHMPOBAHMM ONEPATUBHBIX BMELLATENbCTB.

258



«Progress in Science» (June 11-12, 2026). Brussels, Belgium

Journalism

Behind the Glitter of the Floor: The Dark
Side of Ballroom Dance

Serik Aisulu

Thellth-Grade Student, Bilim - Innovation Boarding Lyceum (Astana city, Kazakhstan)
Scientific Advisor:

Elmira Nurakhanova

Master of Pedagogical Sciences, Master's Degree in Pedagogics and Psychology, Senior
Lecturer of the Department “Social and Humanitarian Disciplines”. "Esil University"
Institution (Astana city, Kazakhstan) https://orcid.org/0009-0007-6065-454X

Marina Zhussupova

Master of Economics, Senior Lecturer of the Department “Social and Humanitarian
Disciplines”. "Esil University" Institution (Astana city, Kazakhstan)

Abstract: This article examines the development of Dance Sport in the Republic of
Kazakhstan through the prism of personal experience. The authors highlight current issues and
challenges of this sport, such as lack of funding, societal stereotypes, high tuition fees, judging
issues, and the risk of injury.

As a child, my mother brought me to the gym to watch her friend's daughter dance. | was
only four years old, but | was so inspired by the atmosphere of the training, the music, and the
process itself that | immediately decided it was for me. This sport has given me so much. It taught
me how to work in a team, communicate with different people, be disciplined, and strengthened
my character. Most importantly, Ballroom Dance developed my sense of taste, an interest in
fashion, and all things beautiful. | had to arrive at every training session well-groomed, neat, and
put-together.

It is well known that the formation and development of Ballroom Dance in the Republic of
Kazakhstan (further - RK) dates back to the second half of the 20th century. The state actively
supported the work of dance clubs, coaches, and dancers. Strict sport discipline existed, regulated
by judges at National and International Tournaments.

Today, Dance Sport in RK is led by the Association of Dance Sport Federations of the
Republic of Kazakhstan (further - ADSF RK) and other specialized organizations accredited by the
Ministry of Tourism and Sports. To become a recognized professional dancer in this sport, it is
important to hold the titles of "Candidate Master of Sports" (further - CMS) and "Master of Sports
of the Republic of Kazakhstan." Leading creative educational institutions in our country, such as
the Kazakh National Academy of Choreography in Astana city, the Kazakh National Academy of
Arts named after T.K. Zhurgenov in Almaty city, Kazakh National University of Arts (further -
KazNUA) - "Shabyt" in Astana city, Almaty Choreographic School named after A.V. Seleznev in
Almaty city, and others.

Periodical publications publish articles exploring the development issues, problems, and
prospects for the development of this sport. For example, researchers E.S. Moiseyev, R.V.
Kenzikeyev, and E.N. Dryagina, in their article "Modern Requirements and Prospects for the
Development of Professional Education in Ballroom Dance in Kazakhstan in the Context of
Educational and Methodological Literature: Analysis, Trends, and Proposals," drew attention to
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the need to develop empirical experience in the field of Ballroom Dance and to update
educational, methodological, and specialized literature [1]. Experts A. Isaliev and A.
Moldakhmetova developed promising tools for conducting semiotic analysis of dance for wide
application in the fields of Dance Sport and in choreographic art [2].

For many years, my cherished dream has been to achieve success in the Dance World,
specifically, reaching the professional finals at the Blackpoll Ballroom in England. This legendary
competition, held for over a century, is of immense significance to all ballroom dancers. |
understand that achieving this goal requires tremendous work and dedication. To achieve this, it's
important to take it step by step, setting intermediate goals and constantly evolving. In my opinion,
a true champion must be able to use defeats and difficulties as strength for growth, not as a reason
to give up. It's also important to be unique, not like everyone else, as Donny Burns said in his
lecture, a star of the Dance World.

To get closer to my dream, | train constantly, attend competitions and training camps,
investing a lot of time, energy, and resources into it. | recently had the opportunity to travel to
England, and it was a major step forward for me because | was able to personally attend a
tournament in Blackpool city and experience the atmosphere of a prestigious International
Competition where the World's best dancers gather for Dance Sport Competitions. It's especially
exciting that this event is taking place in the historic Empress Ballroom in Winter Gardens,
renowned for its luxurious interior. Traveling to and participating in a tournament of such
international significance motivates me to strive for new goals and achieve my cherished dream,
and | believe it will definitely come true.

One of the most memorable experiences of my life was my trip to Italy with my mother for
the World Ballroom Dance Championships (further - WBDC). It was both exciting and joyful. We
arrived the day before the tournament, so we had time to explore the city. The competition took
place in Paestum city, near Naples city. It boasts incredibly beautiful scenery: the sea, trees, and
fresh air. The atmosphere was calm and relaxing. The most exciting day, of course, was the
tournament itself. | was very nervous, but | managed to pull myself together and achieve a good
result. Ultimately, | advanced to the World Championship finals and placed fifth out of 64
competitors. | was very happy and proud of myself. After the tournament, there was a gala evening
where everyone danced, socialized, and celebrated. This trip will forever remain etched in my
memory because | not only performed well and placed highly, but also spent a wonderful time
with my mother. | would really like my mother to take up dance, too, because | believe it's never
too late to start. Especially since pro-am dancing is booming now, where professionals dance with
beginners or those who simply enjoy the sport. For example, my friend's mother also practices.
They train together, and she truly understands how much work and time this sport requires. So, |
dream of the day | can dance with my mom!

It's worth noting that good results at such tournaments depend not only on the dancer's
personal preparation but also on other factors. These include the high cost of costumes, shoes,
and travel to international training camps; finding sponsors to organize large-scale WBDC
tournaments within the country; and a shortage of male partners, which is a global trend in this
sport.

Dancers with many years of experience, note a lack of time, finances, and constant health
care. Unfortunately, in The RK, other sports often receive priority funding. Therefore, despite the
development of Ballroom Dance, athletes often have to cover a significant portion of their
expenses themselves: costumes, travel, competitions, uniforms, and much more. This can limit
the opportunities for talented dancers and create an unequal playing field. Of course, there are
sponsors who partner with dancers and make them their ambassadors, but this opportunity is
more often available to those who have already achieved some success. Consequently, the less
financial resources you have, the less likely you are to achieve great success in this sport. Take the
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legendary tournaments in England - a huge number of people come there every year, making a
living from this sport and spending large sums of money to participate. After all, without going to
such competitions, it's very difficult to gain recognition and reach a higher level. Only participating
in tournaments within your own country is often not enough. Achievements in The RK are certainly
impressive, but they don't always fully reflect a dancer's level of professionalism. Of course, money
isn't always the deciding factor; the most important thing is a strong desire to move forward,
develop, and constantly improve.

Many in our country are also hindered by stereotypes, such as " Dance Isn't for Boys".
Because of this, many girls remain in the solo category. Some boys quit the sport due to bullying,
ridicule from others, or disapproval from relatives. But people new to Ballroom Dance often don't
realize how many beneficial qualities the sport develops: discipline, physical endurance, and, for
boys, a sense of responsibility for their partner and the couple as a whole. Ballroom Dance isn't
just about dancing together; it's about understanding, support, and the ability to navigate through
difficult and joyful moments together throughout a career. Furthermore, many dancers quit the
sport because of parental reproaches: "Dance Won't feed You". But for many, it becomes their
life's purpose - they can't imagine a day without their favorite activity. Not understanding this,
some parents rush to convince their teenagers to quit dancing and focus solely on their studies. In
our opinion, one doesn't interfere with the other. Many professional dancers successfully combine
education and sport. They graduate from good universities with honors and continue to do what
they love, which motivates them to keep going. For example, multiple Russian Champion and
World Championship finalist Polina Teleshova holds two higher education degrees and is a
graduate of Moscow State University and the Moscow Innovation University.

Another problem with Dance Sport is the objectivity of judging. This sport differs from
other sports, such as swimming or running, where results are measured by time. Here, everything
depends on the judges' opinions and their attitude toward the dancer. Because of this, some feel
unfairness and disputes arise around the results. The judge's job is to evaluate an athlete's Dance
Performance through comparison. Because of this, dancers constantly compare themselves to
others, worrying about results, appearance, weight, partners, rankings, and competition. And at
worst, this can lead to scandals between dancers and judges. For example, at the Championship
of The RK in Almaty city, where five out of six couples refused to perform in the final [3].

Injuries are also a common problem in Ballroom Dance. Many people think dancing is safe,
but professional dancers often experience back, knee, and foot injuries. Collisions on the Dance
Floor can also cause injuries to other body parts, asit's an intense dance and it's easy to lose focus.

In conclusion, Ballroom Dance is a unique discipline that combines sport, art, and creativity.
Despite the active development of this sport in The RK, dancers still face a number of serious
challenges: lack of funding, societal stereotypes, high tuition fees, subjective judging, and the risk
of injury. But even these difficulties do not stop people who truly love their work.

Every year, more and more athletes represent Kazakhstan with dignity on the International
Stage. For example, Matvey Starikov and Maria Samoylenko are a renowned dance couple from
Astana city, The RK, who compete in competitive Ballroom Dance. They made history as the first
Kazakhstani couple to win the prestigious championship title at the legendary Blackpool Dance
Festival (Blackpool city, The United Kingdom), proving that Ballroom Dance deserves the same
attention and respect as other sports. We hope that in the future, this sport will receive even
greater support from the government and society, and that talented dancers will be able to realize
their potential regardless of financial means and societal stereotypes. After all, behind every
appearance on the Dance Floor are years of hard work, discipline, perseverance, and a sincere
love for dance.
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XULAS®

Bu tadgiqat isi bugda ¢érayinin tazaliyinin gorunmasi magsadila dargin ekstraktinin (Cinnamomum
verum) tabii konservant kimi tatbiginin effektivliyini arasdirir. Mduasir istehlakgilarin sintetik
konservantlara qarsi ehtiyatl mévqeyi va tabii komponentlara lstlinliik vermasi ¢érak sanayesinda
bioinnovativ texnologiyalarin inkisafini zaruri etmisdir. Tadgiqatda iki ¢érak niimunasi — kontrol (K)
va 0,5% dargin alavali (D) — eyni resepturada hazirlanmis, har iki niimunada namlik va tursulug
gostaricilari standart laboratoriya metodlari ila tayin edilmisdir.

Eksperimental naticalara asasan, darcinli niimunada namlik 38,506% (105°C-da qurutma), tursulug
2,6°N (0,1 n NaOH titrlama) taskil etmisdir. Kontrol niimunada miivafiq goéstaricilar 39,8% va 2,9°N
olmusdur. Har iki niimuna AZS 18-71-2014 standartina uygundur. Dar¢inli niimuna xarakterik
aroma va qizili gahvayi qabig rangi ila farglanmisdir. Belalikla, darcin ekstraktinin 0,5% dozasinda
tatbigi ham elmi, ham da praktiki baximdan samarali yanasmadir.

Acar sézlar: Bugda ¢érayi, dargin ekstrakti, Cinnamomum verum, tabii konservant, sinnamaldehid,
raf 6mrt, antimikrob tasir, antioksidant aktivlik, bioinnovativ texnologiya, namlik, tursulug.

APPLICATION OF CINNAMON EXTRACT AS A NATURAL PRESERVATIVE FOR PRESERVING THE
FRESHNESS OF WHEAT BREAD
SUMMARY

This research investigates the effectiveness of applying cinnamon extract (Cinnamomum verum)
as a natural preservative for preserving wheat bread freshness. The growing cautious attitude of
modern consumers toward synthetic preservatives and their preference for natural components
has necessitated the development of bio-innovative technologies in the bread industry. In the study,
two bread samples — control (K) and with 0.5% cinnamon addition (D) — were prepared with the
same recipe, and moisture and acidity indicators were determined for both samples by standard
laboratory methods.

According to experimental results, the cinnamon sample showed moisture of 38.506% (drying at
105°C, AOAC 925.10) and acidity of 2.6°N (0.1 n NaOH titration). The control sample showed
corresponding indicators of 39.8% and 2.9°N. Both samples comply with AZS 18-71-2014 standard.
The cinnamon sample was distinguished by characteristic aroma and golden brown crust color.
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Thus, the application of cinnamon extract at 0.5% dose is an effective approach from both scientific
and practical perspectives.

Keywords: Wheat bread, cinnamon extract, Cinnamomum verum, natural preservative,
cinnamaldehyde, shelf life, antimicrobial effect, antioxidant activity, bio-innovative technology,
moisture, acidity.

MPUMEHEHWE SKCTPAKTA KOPULIbI B KAHECTBE HATYPAJIbHOIO KOHCEPBAHTA /1A
COXPAHEHWMA CBEXECTW NUEHNYHOIO X/IEBA
KPATKOE ONWUCAHWE

B 0aHHoU pabome usyyaemcs aghghekmusHOCMb NPUMEHEHUS SKCmpakma Kopuusi (Cinnamomum
verum) 8 kKayecmee HAMypasbHO20 KOHCep8AHMA O/ COXPAHEHUS Cceexecmu NWeHUYHO20
xneba. Pacmyuwiee ocmopoxHoe omHouweHue cospemeHHbix nompebumerneli K cuHmMemu4ecKum
KOHCepsaHMam U npeonoymeHue HAmMypasabHbiX KOMNOHEHMO8 CcOenanu Heobxo0uMbiM
passumue BUOUHHOBAUUOHHbLIX mexHoao2ul. B uccnedosaHuu 08a obpasua xneba —
KoHmMposbHeil (K) u ¢ dobasneHuem 0,5% kopuusl (£]) — 6biau npueomosneHsi No 00UHAKO80U
peuenmype, u 011 oboux 0b6pa3yos onpedesneHsl NoKAzamenu B871aXHOCMU U KUcao0mHocmu
CMaHOapmMHbsIMU 1060pAMOPHLIMU MEMOOaMU.

CoenacHo 3KcnepumeHmanbHeIM pesynemamam, obpaseu ¢ Kopuuell NOKa3asa 671axHOCMeb
38,506% (cywika npu 105°C, AOAC 925.10) u KucnomHocme 2,6°N (mumposaHue 0,1 H NaOH).
KoHmpornbHbil 06pazey nokazasn coomsemcmesyroujue nokazamenu 39,8% u 2,9°N. Oba obpaszua
coomsemcmaytom cmaHoapmy AZS 18-71-2014. Obpaszey ¢ Kopuuel omau4vanca XapaKkmepHsim
apomMamom U 30/10MuUCmO-KOPUYHEBLIM UBEMOM KOPKU. TakKum 0bpa3om, npumeHeHue
3Kcmpakma Kopuusl 8 0o3e 0,5% sasnaemca agphexkmusHbIM NOOXO0OOM KAK C HAY4YHOU, MaK u ¢
npakmMu4Yeckoli MoYKU 3peHus.

KntoueBble cnoBa: [MeHWYHbIM xneb, aKCTpaKT Kopuupbl, Cinnamomum verum, HaTypa/ibHbil
KOHCEPBAHT, KOPWUYHbIV anbAerna, CPOK roAHOCTM, aHTUMWKPODHOE AeNCTBME, aHTUOKCUMAAHTHAS
aKTMBHOCTb, HBUOMHHOBALIMOHHAA TEXHONOTNS, BNAXKHOCTb, KUC/IOTHOCTb.

GIRIS

Son onilliklarda gida sanayesinda sintetik konservantlardan tabii mansali alternativlera kegid asas
tendensiyalardan biridir. Bu dayisiklik istehlakgilarin gida tahlUkasizliyi masalalarina artan
hassasligl va “tamiz etiket” konsepsiyasinin yayllmasi ila baglidir. Cérak sanayesinda bu xususila
shamiyyatlidir, clinki ¢orak glndalik istehlak mahsulu kimi ahalinin saglamligina birbasa tasir
gostarir [1, s. 12]. BMT-nin 9rzaq va Kand Tasarrifati Taskilatinin (FAO) malumatlarina gors,
dinyada har il istehsal olunan ¢érayin taxminan 15-25%-i raf dmrinin gisa olmasi sababindan
tullantiya cevrilir [2, s. 9].

onanavi olarag ¢odrayin saxlanma muiddatinin uzadilmasi Ggln kalsium propionat, sorbatlar ve
benzoatlar kimi sintetik konservantlardan istifads edilir. Bu maddalar effektiv olsa da, muUasir
tadgigatlar onlarin uzunmuddatli istifadasinin bagirsag mikrobiotasina meanfi tasir gostars
bilacayini ortaya qoyur [3, s. 15]. Dargin (Cinnamomum verum) min illardir ham adviyyat, ham da
tabii konservant kimi istifads edilir. Muasir tadgigatlar dargindaki sinnamaldehid, evgenol,
sinnamik tursusu va polifenol komponentlarinin gicli antimikrob va antioksidant xisusiyyatlara
malik oldugunu tasdiglayir [4, s. 7].

Azarbaycan kontekstinda darcinin ¢érak sanayesinds istifadasi xtisusi maraq dogurur. Olks Uzra
bir nafara dusan illik ¢orak istehlaki taxminan 85 kq taskil edir va ananavi matbaxds dargin genis
istifade olunan adviyyatdir [5, s. 11]. Bu tadgigatin magsadi 0,5% darcin alavali bugda ¢orayinin
asas keyfiyyat gostaricilarinin nazarat nimuna ile miqgayisali giymatlandirilmasidir.
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Tadgigatin aktualligl bir neca amillea muayyan edilir. Birincisi, global gida sanayesinda “tabii va
tamiz etiket” konsepsiyasi ila uygun olan mahsullara talsbat siratla artir. ikincisi, Azarbaycan
Respublikasinin gida tahlikasizliyi siyassti ¢arcivasinda yerli xammal va tabii komponentlara
asaslanan innovativ texnologiyalarin inkisafi prioritet istigamatdir. Ucilinciisti, corak itkilarinin
azaldilmasi BMT-nin 2030 Davamli inkisaf Magsadlarindan “Sifir Aclig” (SDG 2) va “Masuliyyatli
Istehlak” (SDG 12) hadaflarins uygundur. Bu kontekstds darcin ekstraktinin ¢érakds tatbigi ham
ekoloji, ham ds igtisadi baximdan asaslandirilmis yanasmadir.

9SAS Hisso

Darcin ekstraktinin ¢orakds tabii konservant kimi tatbigi mexanizmi coxkomponentlidir. Aktiv
komponentlar —sinnamaldehid (65-75%), evgenol (5-10%), sinnamik tursusu (3-7%) va polifenollar
(5-8%) — bir-birila garsiligh sakilda tasir gosterir. Sinnamaldehid asas antimikrob agent kimi
giymatlandirilir — onun tasir mexanizmi mikroorganizm hiceyra membraninin fosfolipid
strukturunun pozulmasina va hiiceyra komponentlarinin sizmasina asaslanir. Sinnamaldehidin
Aspergillus niger Gglin minimum inhibitor konsentrasiyasi 250 mq/L saviyyasinda geyd edilmisdir
[4,s.9].

Polifenol komponentlari dargin ekstraktinin antioksidant aktivliyinin asasini taskil edir — DPPH
testinda ICsp dayari 12-18 ug/mL arasinda geyd olunmusdur [6, s. 14]. Corakda dargin ekstraktinin
tatbigi Ug¢ln (g asas Usul moévcuddur: xamirs birbasa gatilma, ¢corak sathina tatbig ve gablasdirma
materialina inteqrasiya. Bu tadgigatda an sads, igtisadi cahatdan sarfali va sanaye migyasinda
asanlgla tatbiqg edila bilan UGsul — xamira birbasa gatilma secilmisdir.

Evgenolun antimikrob tasiri sinnamaldehidi tamamlayir va xtsusila gram-manfi bakteriyalara garsi
yUksak effektivlik gdstarir. Bu komponentin struktur xisusiyyatlari ona glicli antifungal aktivlik da
verir — xUsusila Penicillium citrinum va Aspergillus flavus kimi gdbalak novlsrinin nazarstinds
shamiyyatli rola malikdir. Sinnamik tursu isa pH-tanzimlayici funksiyasi ila xamirin tursulugunu
tanzimlayarak gobalak inkisafinin inhiba edilmasi Ggln alverisli muhit yaradir. Bu (¢ komponentin
garsihigl tasiri darcini digar tabii konservantlardan Gstln edir.

Darcin ekstraktinin funksional gida konsepsiyasi baximindan da shamiyyatli xtsusiyyatlari vardir.
Muasir tadgiqgatlar gostarir ki, gtindalik 1-6 g dargin istehlaki gan sakari saviyyasini 18-29% azalda
bilar va Urak-damar saglamligina misbat tasir gostarir. Bu xUsusiyyat darcinli ¢orayin diabetik va
prediabetik istehlakgilar Ggln xdsusi mahsul kateqgoriyasi kimi tagdim edilmasina imkan yaradir,
hamcinin xUsusi premium bazar segmentindes kommersiya potensiali ylksak mahsullar
kateqgoriyasina daxil edir.

TODQIQAT HISSOSI

Tadgigat Azarbaycan Dévlst igtisad Universitetinin (UNEC) gida texnologiyasi laboratoriyasinda
hayata kecirilmisdir. Eksperimentds iki nimuna hazirlanmisdir: kontrol (K) — adi bugda ¢corayi va
darginli (D) — Gmumi un katlasinin 0,5%-i migdarinda dargin alava edilmis ¢orak. Har iki nUmuna
eyni xammaldan — birinci név bugda unu (300 q), icmali su (180 ml, 40°C), quru maya (3 q), duz (5
q), sekar (4 q) — hazirlanmisdir. Darginli nimunaya alave olaraq 1,5 g toz dargin yogurma
marhalasinda xamira birbasa gatilmisdir. Har iki xemir 15 dagiga yogurulmus, 28°C-da 60 dagiga
fermentasiya edilmis, 30 dagiga dincalmaya qoyulmus va 220°C-da 30 dagiga bisirilmisdir.
Coraklarin hazirlanma protokolunun standarthigi eksperimental naticalarin etibarhligl Ugln vacib
sortdir. Yogurma middatinda xamirin gluten sabakasinin formalasmasi, fermentasiya zamani
maya faaliyyatinin naticasinda gaz yigilmasi va bisirma zamani gabiqg formalasmasi — bitin bu
marhalalar, har iki nUmunada eyni saraitda bas vermisdir. Bu, alinan naticalardaki farglarin yalniz
dargin alavasi ila bagh oldugunu tasdiglayir.
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Vizual giymatlendirmada har iki nimuna yumru forma ve qizili gahvayi gabig musahida
olunmusdur. Darg¢inli nimuna xarakterik dargin aromasina malik olmus, kasiyinda isa yumsaq
tekstura va barabar paylanmis kicik masamalar gostarmisdir.
Namlik gostaricisi pesakar namlik analizatoru (Radwag MA 110.R.WH ) vasitasila tayin edilmisdir.
Nimuna 105°C temperaturda sabit ¢akiya gadar qurudulur. Har nimunadan taxminan 3 g
xirdalanmis ¢orak ici aliminium taraya goyulmus va 22 dagiga 30 saniya muddatinds qurutmaya
maruz galmisdir.
Tursulug 0,1 n NaOH mahlulu ila titrlema Gsulu vasitasile tayin edilmisdir. Har nimunadan 25 g
corak ici gotlrtulmis (Radwag AS 220.R1 plus analitik tarazisi), sise gaba goyulmus, Uzarina 250
ml su alave edilarak 2 dagiga calxalanmis ve 10 dagiga saxlaniimisdir. StziImis mayedan 50 ml
gotlrilarak konusvari kolbaya tokilmis, fenolftalein indikatoru slave edilarak 0,1 n NaOH
mahlulu il titrlanmisdir. Hesablama dUsturu:

X=2xYxK
burada Y — titraya sarf olunan NaOH mahlulu (ml), K — normallig amsali (K=1). Eksperimental
naticalar Cadval 1-da tagdim olunmusdur.

Cadval 1. Kontrol va darginli ¢érak nimunalarinin asas keyfiyyat gbstaricilarinin miqayisasi

Gostarici Kontrol niimuna (K) | Darginli nimuna (D, AZS 18-71-2014
0,5%) normasi
Namlik, % 39,8 38,506 38-44
Tursulug, °N 2,9 2,6 <3,0
Forma va gorunus Yumru, hamar Yumru, parlag Duzgun
Qabiq rangi Aciqg gahvayi Quzih gahvayi Quizih gahvayi
ic teksturasi Yumsaq Yumsagq, elastik Yumsaq
Aroma Neytral corak Xarakterik darcin Standart

Cadval 1-dan gorindlyl kimi, har iki nimunanin asas keyfiyyat gdstaricilari AZS standartinin
talablarina tam uygundur. Qeyd etmak lazimdir ki, dar¢inli nimunada tursuluqg gostaricisi (2,6°N)
kontrol nimunadan (2,9°N) bir gadar asagidir. Bu natica dargindaki sinnamik tursusunun pH-
tanzimlayici tasirina isara edir va gdbalak inkisafinin garsisinin alinmasi Ggln alverisli mihit yaradir
[7,s. 16]. Namlik gostaricilarinin mlqayisasi gostarir ki, darginli nimunada namlik 1,3% asagidir —
bu darcindaki polisaxarid komponentlarinin (mannan, galaktomannan) higroskopik tasirina
baghdir.

Asagl namlik gostaricisi mikrobioloji baximdan Usttnlikdir — su aktivliyinin (aw) azalmasi gébalak
va bakteriyalarin inkisafi Ggln alverissiz mUhit yaradir. Kontrol nimunada daha yliksak namlik
(39,8%) tipik bugda ¢orayinin xarakterik gostaricisidir, lakin uzunmuddatli saxlanma zamani bu,
mikrobioloji pozulma riskini artirir. Darginli nimunada isa 38,506% namlik daracasi ham tazalik
hissini saxlayir, ham da gida tahlikasizliyini tamin edir — bu balansh naticadir.

Tursulug gostaricilarinin mugayisali analizi do ahamiyyatlidir. Corakds tursulug dad keyfiyyati,
mikrobioloji sabitlik va gida tahlikasizliyi Gcln kritik gostaricidir. Standart haddan (3,0°N) yuxari
tursulug dad pislesmasina, asagl tursulug iss mikrobioloji riska sabab ola bilar. Hazirlanmis
nimunalarin har ikisinda tursulug optimal haddadir, lakin darginli nimunada bir gadar asagl
geydiyyata alinmasi organoleptik baximdan xeyirli haldir.

Aparilan eksperimental tadqigatin asas naticalari asagidakilardir: har iki nimuna AZS 18-71-2014
standartina uygundur; darcin alavasi xamirin strukturuna manfi tasir gdstarmir; darcinli nimunada
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tursulug daha asagidir (2,6°N va 2,9°N) — bu mikrobioloji sabitlik tG¢ln Ustinlikdr; darginli
ndmuna xarakterik aroma va qizili gabiqg rangi il alava dayar taqgdim edir; texnologiya alava
avadanliqg talab etmir.

dlava musahida kimi geyd etmak lazimdir ki, hazirlanmis darcinli ¢érak niimunasi vizual baximdan
kontrol nimunadan daha calbedici gérinlisa malikdir — qizih gahvayi parlag gabig va xarakterik
darcin aromasi mahsulun istehlakgr gabulunu artiran amillardir. Maillard reaksiyalari zamani
darcindaki sakar-amin garsiligl tasirlari gabig rangini intensivlesdirir, bu iss premium mahsul
kateqoriyasinda bazar UstUnlUyU yaradir. Eyni zamanda darginli ¢érakda hiss olunan aromatik
komponentlar — sinnamaldehidin ucucu tasiri — istehlakcilarin memnuniyyat daracasini ylksaldir.

NOTICO

Natica olaraq aparilan eksperimental tadgigat dargin ekstraktinin (Cinnamomum verum) 0,5%
dozasinda bugda ¢orayinda tabii konservant kimi ugurla tatbiq edila bildiyini tasdiglamisdir. UNEC
gida texnologiyasi laboratoriyasinda hayata kecirilmis analitik giymatlendirmanin naticalari —
darcinli nimunada namlik 38,506% va tursulug 2,6°N, kontrol nimunada namlik 39,8% va
tursulug 2,9°N — AZS 18-71-2014 standartinin talablarina tam uygundur. Dargindaki bioaktiv
komponentlarin — sinnamaldehid, evgenol, sinnamik tursusu va polifenollar — coxmexanizmli
antimikrob va antioksidant tasiri elmi adabiyyatda tasdig olunmusdur (8, s. 13].

Praktiki baximdan tadgigatin naticalari Azarbaycan corak sanayesi cin ahamiyyatli perspektiv
yaradir. Dargin ekstraktinin xamira birbasa gatilmasi Gsulu alavae avadanlig talab etmir, ananavi
corak istehsal prosesina asanligla integrasiya olunur va yerli istehlakcilar tarafindan gabul
edilmays hazirdir. Eyni zamanda darcinli ¢érayin funksional gida kimi tagdim edilmasi premium
bazar seqmentinda alava dayar gatir.

Tadgigatin elmi ahamiyyati mahsulun keyfiyyat gdstaricilarinin standartlara uygunlugu va
darcindaki bioaktiv komponentlarin garsiligh tasirinin tasdiglanmasindan ibaratdir. Eksperimental
naticalarin elmi adabiyyatda tagdim olunan malumatlarla uygunlugu bu yanasmanin etibarliligini
gostarir. Galacak tadgiqatlarda darcin ekstraktinin digar tabii konservantlarla — granat gabigi
ekstrakti, rozmarin va vyasil cay polifenollari — sinerjik kombinasiyalarinin 6yranilmasi,
mikroenkapsulyasiya texnologiyalarinin tatbigi va saxlanma muddatinin dinamikasinin (3, 5, 7 va
10-cu ginlarda) izloanmasi perspektivli istigamatlar kimi giymatlandirilir.
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Introduction. Buckwheat (Fagopyrum esculentum Moench.) is a plant species belonging to
the Polygonaceae family and represents one of the earliest crops domesticated in Asia.
Historically, it served as an important food source and was extensively cultivated and consumed
between the 17th and 19th centuries. Its cultivation and consumption later declined in many
Western countries as wheat became the dominant cereal crop. In recent decades, however,
growing interest in healthy diets and functional foods has renewed attention to buckwheat due to
its exceptional nutritional qualities. Today, it is widely recognized as a nutrient-rich pseudocereal
with considerable potential for future food systems.

Compared with many traditional cereal crops, buckwheat contains higher levels of valuable
nutrients and bioactive compounds, including rutin, dietary fiber, iron, and various essential
micronutrients. Its grains are naturally gluten-free and provide a favorable amino acid profile,
particularly because of their relatively high lysine content. In addition, buckwheat is capable of
growing on relatively poor soils and therefore can be cultivated under conditions where other
crops may perform less successfully. Nevertheless, its productivity can be significantly affected by
adverse environmental conditions such as frost, low temperatures, heat stress, dry winds, and
drought.

Yield is a key criterion in the evaluation and selection of new buckwheat varieties for
agricultural production, where a statistically proven yield advantage of at least 20% over the
standard is a mandatory requirement for the introduction of a new variety.

As one of the most valuable characteristics, this indicator reflects the realization of a plant's
biological potential under specific conditions, simultaneously demonstrating the adaptability,
plasticity, and stability of a variety. Since the primary goals of agriculture are to achieve maximum
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yield while ensuring high seed quality and maintaining soil fertility, an objective assessment and
successful introduction of varieties requires not only optimizing all controllable plant factors but
also considering the impact of unpredictable natural conditions.

Materials and methods. The study was carried out using common buckwheat (Fagopyrum
esculentum Moench) accessions of Chinese origin. The variety Shortandinskaya coarse-grained
served as the standard reference. Field experiments were performed following the methodology
developed by B.A. Dospekhov at the A.l. Barayev Scientific and Production Center for Grain
Farming. The collection nursery was established by manual sowing on the 28th of May. Each
experimental plot covered an area of 2 m2. Accessions were arranged systematically, with the
standard variety included after every ten entries. The distance between rows was maintained at
20 cm, while plants within rows were spaced 5 cm apart. Seeds were sown at a depth of 5cm. The
experimental plots within the collection nursery were organized according to a systematic layout.

Results. The yield indicators of the variety samples examined in the study are presented in
Table 1.

Table 1 - Yield of buckwheat varieties

No. | Name of varieties . +/- deviation from
Yield, g
standard

1 Shortandinskaya coarse-grained st. 422.6 -

2 9978 (XN-9978) 251.6 -17.1
3 T1208 (XN-T1208) 221 -20.1
4 T1211 (XN-T1211) 179 -24.3
5 T1311 (XN-T1311) 245.6 -17.7
6 T1925 (XN-T1925) 168.6 -25.4
7 Southern Chinese 43.6 -37.9
8 Chinese Domestic 86 -33.6

An analysis of the presented yield data for buckwheat varieties revealed significant
differences between the studied varieties, reflecting their varying degrees of adaptation to the
region's soil and climatic conditions. The local standard, Shortandinskaya coarse-grained st.,
emerged as the absolute leader in yield, achieving 422.6 g/m? (equivalent to 42.26 c/ha). This yield
significantly exceeded that of all introduced varieties, confirming its high environmental
sustainability and production stability in the Akmola region.

Among the introduced forms, the highest yield values were observed in samples 9978 (XN-
9978) - 251.6 g/ m?and T1311 (XN-T1311) - 245.6 g / m?. Despite the fact that these samples are
inferior to the standard by 171 and 177 g / m?, respectively, they demonstrate a relatively high
level of productivity compared to other introduced varieties, which allows us to consider them
promising for further breeding work. Somewhat lower indicators were obtained for sample T1208
(XN-T1208), the yield of which amounted to 221 g / m?, deviating from the standard by 201.6 g /
m2. Sample T1211 (XN-T1211) was characterized by even lower productivity - 179 g / m?, which
indicates a limited realization of its potential in the given conditions.

The least productive of the studied forms were the T1925 (XN-T1925) samples - 168.6
g/m?, as well as varieties of Chinese origin. In particular, Southern Chinese demonstrated an
extremely low yield of 43.6 g/m? (deviation from the standard of -379 g/m?), and Chinese Domestic
- 86 g/m? (-336.6 g/m?). These results indicate a significant inadequacy for the harsh continental
climate of Northern Kazakhstan, likely due to insufficient resistance to temperature fluctuations,
droughts, and other abiotic stresses.

Overall, it was established that the introduced accessions, despite some morphological
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advantages, are significantly inferior to the local standard in terms of actual yield. This highlights
the key role of genotype adaptability in yield formation. At the same time, the identification of
individual accessions, such as 9978 and T1311, with relatively high productivity indicators,
demonstrates the feasibility of their further use in breeding programs to create new, more
adapted and high-yielding buckwheat varieties for the conditions of northern Kazakhstan.

In this regard, within the framework of the study, the correlation by Pearson between the
characteristics associated with the yield structure of buckwheat varieties was calculated and
assessed using the R Studio program (Figure 1).

<
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Figure 1. Correlation between the elements of the buckwheat yield structure. PW - plant weight
(g), PH - plant height (cm), B1 - first-order branching (pcs), B2 - second-order branching (pcs), NSP
- number of grains per plant (pcs), SWP - grain weight per plant (g), TSW - weight of 1000 seeds

(g), GY -yield (g).

The analysis revealed close functional relationships between yield and a number of
structural elements. A very high positive correlation was found between yield (GY) and the number
of grains per plant (NSP, r = 0.93), as well as the grain weight per plant (SWP, r = 0.89), confirming
the decisive role of these traits in determining the final productivity of buckwheat. A moderate
positive relationship was also noted between yield and thousand-seed weight (TSW, r = 0.60),
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indicating an additional, albeit less pronounced, influence of grain size on overall yield.

In contrast, the relationship between yield and total plant weight (PW) was extremely weak
(r=0.07), indicating an inefficient conversion of accumulated vegetative biomass into generative
products. This fact highlights that intensive development of aboveground mass is not always
accompanied by an adequate increase in grain productivity.

The nature of the relationships associated with the number of grains per plant deserves
special attention. This indicator was found to be closely correlated with grain weight (SWP, r =
0.98) and, to a lesser extent, with thousand-seed weight (TSW, r = 0.68), confirming its key role as
the primary factor determining yield. At the same time, traits associated with branching showed
a different direction of relationships: the number of second-order branches (B2) is characterized
by a moderate negative correlation with thousand-seed weight (r = —0.51) and a weak negative
relationship with yield (r = —0.20). This suggests that excessive branching in this region leads to a
redistribution of plastic substances in favor of vegetative organs, reducing the efficiency of grain
filling and formation.

Conclusion. Thus, the obtained results indicate that the priority in breeding the studied
samples should be increasing the number of full-fledged grains per plant while simultaneously
optimizing plant architecture, particularly branching. Implementing this approach will improve the
efficiency of assimilates and, consequently, ensure increased yields, offsetting the identified gap
between the introduced varieties and the local standard.

Funding: The research work was carried out within the framework of the scientific project
AP26194037 “Identification of productive buckwheat (Fagopyrum esculentum Moench.) varieties
using DNA technologies and creation of promising forms for breeding”, (2025-2027).
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AHpaaTtna. byn makanaga COVID-19 naHgemuscbiHbiH, OpTanbik A3MAHbIH, Bec memnekeTiHe
(Ka3zakctaH, ©36eKkcTaH, Kbipfbl3cTaH, TaKiKcTaH, TYpiKMEHCTaH) TUri3reH 3KOHOMMKA/bIK KaHe
9/1eYMETTIK candapaapbl CaiblCTbipMasibl Tanaay Herisinae 3eptrenesi. IO anHamukacsl, eHbek
HapbIfbIHbIH, B3repicTepi, WafblH KaHe opTa BM3HECKe TUri3reH 31AH, ayZapbiM aKlwanapbl MeH
KedenWinik AeHreni CUAKTbl Herisri MaKpO3KOHOMMKA/IbIK, KOHE o/IeyMeTTiK KepceTKilTep
TangaHaabl. 3epTrey NaHAEMUAHbIH, allMaKTafbl en4ep apacbiHAAFbl SKOHOMMKAbIK TEHCI3AiKTI
TEPEHAETKEHIH, an eH ocan TonTap — eHOeKwWi MUrpaHTTap, WwafblH BU3HEC ekinaepi KaHe
ayblNAbIK XanblK — eKeHiH aAanengenai.

TyhiH ce3pep: COVID-19, OpTanbik A3ns, SKOHOMUKANbIK canaapnap, eHbeK Hapblfbl, ayaapbim
aKllanapbl, KeAenwWinik, WafrblH XaHe opTa BU3HEC, CanbICTbipManbl Tanaay.

AHHOTaUMA. B AaHHOW cTaTbe Ha OCHOBE CPAaBHUTENLHOMO aHaAM3a UCCAeaytoTCA SKOHOMMYECKMe
N coumanbHble nocneacteua naHaemmm COVID-19 gna natm rocypapcTs LleHTpanbHon Asnu
(KasaxcTtaH, Y3b6ekncTtaH, KbiprbidctaH, TaamMKUCTaH, TYPKMEHUCTaH). AHaIM3UPYIOTCA KAtoYeBbIe
MaKPO3KOHOMMYECKME U COoLMAbHbIE NOKa3aTenn: AnHammnKka BBIT, nsmeHeHMA Ha pbiHKe Tpyaa,
ywepb manomy wu cpeaHemy OW3HECYy, YPOBEHb [EHENHbIX MNepeBoAoB W OeaHOCTW.
NccnegosaHne [0Ka3biBaeT, YTO NaHAemua yrnybuna 3KOHOMMYECKOE HEPABEHCTBO MeEXKAY
CTpaHaMW pernoHa, a Haubonee yA3BMMbIMW TPyNnNamm OKa3ananCb TPYAOBbleE MUIPaHTHI,
npeacTaBUTENM Manoro BM3Heca 1 CefibCKoe HaceneHme.

Kniouesble cnosa: COVID-19, LleHTpanbHaa A3unA, IKOHOMUYECKME NOCAEACTBUA, PbIHOK TPYAa,
[EeHEXHble NepeBobl, beAHOCTb, Mablil U cpeaHWIM BU3HEC, CPAaBHUTENbHbIM aHaNn3.

Abstract. This article examines the economic and social consequences of the COVID-19 pandemic
for the five states of Central Asia — Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan and
Turkmenistan — through a comparative analytical framework. Key macroeconomic and social
indicators are analyzed, including GDP dynamics, labor market disruptions, damage to small and
medium-sized enterprises, remittance flows, and poverty rates. The study demonstrates that the
pandemic deepened economic inequality among the countries of the region, with the most
vulnerable groups identified as labor migrants, small business owners, and rural populations.
Keywords: COVID-19, Central Asia, economic consequences, labor market, remittances, poverty,
small and medium enterprises, comparative analysis.
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1. INTRODUCTION

The COVID-19 pandemic, declared by the World Health Organization in March 2020,
triggered an unprecedented global socioeconomic crisis. Few regions experienced its impact as
acutely as Central Asia — a geopolitically complex zone comprising five post-Soviet states:
Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan, and Turkmenistan. These countries, while sharing
historical and cultural ties, differ substantially in their economic structures, institutional capacities,
and degrees of integration into global markets, making the region an ideal laboratory for
comparative pandemic impact research.

The five Central Asian economies vary widely in their resilience. Kazakhstan, with its
hydrocarbon-driven economy, represents the region's largest and most diversified GDP.
Uzbekistan has undergone significant economic liberalization since 2016. Kyrgyzstan and Tajikistan
remain heavily dependent on labor remittances, while Turkmenistan operates a largely closed,
state-controlled economy with limited transparency on official statistics. This heterogeneity
means that while all five states faced the same external shock, the magnitude and nature of their
economic and social responses diverged considerably [1].

Previous pandemics — notably SARS (2003) and the HIN1 influenza (2009) — provided
limited precedents for Central Asian policymakers, as their economic integration into global supply
chains was far less developed at those times. The COVID-19 crisis thus represented an
unprecedented stress test for the region's institutions, social safety nets, and economic
governance [2].

The research objective of this article is to conduct a systematic comparative analysis of the
economic and social consequences of the COVID-19 pandemic across all five Central Asian states,
identify structural vulnerabilities exposed by the crisis, and draw lessons relevant to future
pandemic preparedness and socioeconomic resilience. The article addresses the following
research questions: How did the pandemic affect GDP and macroeconomic stability in each of the
five states? What were the differential effects on labor markets and remittance-dependent
households? How did the pandemic reshape the landscape of small and medium enterprises
(SMEs)? What social groups were most severely impacted, and what policy responses were most
effective?

The article is structured as follows: Section 2 reviews the theoretical and methodological
framework; Section 3 analyzes macroeconomic consequences; Section 4 examines labor market
and remittance effects; Section 5 discusses SME disruption; Section 6 explores social and welfare
impacts; Section 7 evaluates government responses; and Section 8 presents conclusions and policy
recommendations.

2. THEORETICAL FRAMEWORK AND METHODOLOGY

This study draws on three complementary theoretical lenses. First, the framework of
economic resilience — defined as a country's capacity to absorb, adapt, and recover from shocks
— provides the overarching analytical perspective [3]. Resilience theory distinguishes between
engineering resilience (speed of recovery to the pre-shock equilibrium) and ecological resilience
(the capacity to adapt and transform in response to new conditions). The COVID-19 pandemic
tested both dimensions in Central Asian economies.
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Second, the concept of vulnerability is employed to identify structural characteristics that
amplify pandemic impact. Vulnerability in this context is understood as the degree to which
economic systems and social groups are susceptible to harm from the pandemic shock, shaped by
factors such as economic diversification, institutional quality, social protection coverage, and
access to global financial systems [4]. Third, comparative political economy provides the analytical
method for cross-national comparison, allowing the identification of both common regional
patterns and country-specific divergences.

The methodology combines quantitative and qualitative approaches. Quantitative data is
drawn from the World Bank, IMF World Economic Outlook databases, Asian Development Bank
country reports, and national statistical agencies (where available and reliable). Particular caution
is applied to Turkmenistan's official statistics, which are widely considered to underreport
economic difficulties. Qualitative analysis draws on reports from international organizations,
academic literature published between 2020 and 2024, and policy documents from national
governments. The comparative framework follows a most-similar-systems design, leveraging the
shared post-Soviet institutional heritage of the five states while examining variation in outcomes.

3. MACROECONOMIC CONSEQUENCES: GDP, TRADE AND FISCAL PRESSURES

The macroeconomic shock of COVID-19 manifested across Central Asia through three
primary channels: collapse of commodity prices (particularly affecting Kazakhstan and
Turkmenistan), disruption of global and regional trade flows, and contraction of domestic demand
due to lockdown measures. The cumulative effect produced the most severe GDP contractions
the region had experienced since the economic crises of the early post-Soviet transition period.

Kazakhstan, the region's largest economy, recorded a GDP contraction of approximately
2.6% in 2020, compared to average growth of 4-5% in preceding years [5]. The collapse of oil
prices in the first half of 2020 — when Brent crude fell below $25 per barrel in April 2020 —
directly impacted the national budget, which was heavily dependent on hydrocarbon revenues.
The government was compelled to draw on the National Fund (sovereign wealth fund), deploying
approximately $10 billion USD in counter-cyclical expenditure to stabilize the economy. Recovery
was relatively swift, with GDP growth rebounding to 4% in 2021, underpinned by rising commodity
prices and pent-up domestic demand.

Uzbekistan experienced a notable deceleration rather than outright contraction, with GDP
growth slowing to 1.6% in 2020 from 5.8% in 2019 [6]. The Uzbek government's reform agenda —
including currency liberalization and private sector development launched under President
Mirziyoyev — provided a degree of institutional flexibility, though the pace of reform was
inevitably disrupted. The service sector, particularly tourism and hospitality, contracted sharply.

Kyrgyzstan and Tajikistan experienced the most severe macroeconomic downturns in
relative terms. Kyrgyzstan's GDP contracted by 8.4% in 2020, the steepest decline in the region,
reflecting the country's extreme openness and dependence on trade, tourism, and remittances
[7]. The Dordoi and Kara-Suu bazaars — central nodes of the informal trade economy — were
shuttered for extended periods, devastating merchants and logistics networks. Tajikistan's
officially reported GDP growth of 4.5% in 2020 is widely regarded as statistically implausible given
the severity of the economic disruptions observed, suggesting significant underreporting [8].
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Turkmenistan, operating a largely state-directed economy with extremely limited external
transparency, claimed positive GDP growth throughout the pandemic period. Independent
analysts and the IMF have expressed serious reservations about these figures. The collapse of
natural gas export revenues — particularly from the China—Central Asia pipeline — almost
certainly imposed severe fiscal pressures that were not reflected in official statistics.

Table 1. GDP Growth Rates in Central Asian Countries, 2019-2022 (%)

Country 2019 2020 2021 2022
Kazakhstan 4.5 -2.6 4.0 3.2
Uzbekistan 5.8 1.6 7.4 5.7
Kyrgyzstan 4.6 -8.4 3.6 7.0
Tajikistan 7.4 4.5% 9.2 8.0

Turkmenistan 6.3 5.9* 6.2* 6.1*

* Figures subject to significant statistical uncertainty. Sources: World Bank, IMF WEO 2023.

Fiscal pressures emerged as a common challenge across the region. All five governments
faced simultaneous demands for increased health expenditure, social protection payments, and
economic stimulus, at a time when revenues from trade, taxation, and commodity exports were
declining. The fiscal response capacity varied significantly: Kazakhstan and, to a lesser extent,
Uzbekistan had access to fiscal buffers, while Kyrgyzstan and Tajikistan required emergency
support from the IMF and multilateral development banks.

4. LABOR MARKETS, MIGRATION AND REMITTANCE SHOCKS

Perhaps no single economic channel transmitted the COVID-19 shock more powerfully in
Central Asia than the collapse of labor migration and associated remittance flows. The region is
home to millions of labor migrants working primarily in Russia and Kazakhstan, whose remittances
constitute a critical component of household income in Kyrgyzstan and Tajikistan, and a significant
one in Uzbekistan.

When Russia and Kazakhstan imposed border closures and lockdown measures in March—
April 2020, the flow of migrant workers was abruptly severed. Hundreds of thousands of Central
Asian migrants were stranded — either unable to return home or unable to work in host countries.
According to the World Bank, remittances to Kyrgyzstan fell by approximately 12% in 2020
compared to 2019, while Tajikistan recorded a decline of around 9% [9]. In Uzbekistan, where the
reform agenda had begun to formalize the migrant labor sector, the contraction was partially
cushioned by improved institutional frameworks but remained severe.

The consequences for receiving households were immediate and profound. In Kyrgyzstan,
remittances constitute approximately 25-30% of GDP — one of the highest ratios globally —
meaning that a sudden contraction in these flows translated directly into increased household
poverty rates, reduced consumption, and withdrawal of children from private educational
institutions [10]. Rural households, which rely disproportionately on remittance income, were
particularly severely affected.
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Domestic labor markets also experienced significant stress. Informal employment — which
constitutes a substantial share of total employment across all five states — offered minimal
protection to workers facing unemployment. The ILO estimated that informal workers in Central
Asia lost between 60-80% of their incomes during peak lockdown periods in 2020 [11]. Formal
unemployment statistics, where available, understated the true extent of labor market disruption
due to the prevalence of informal and self-employment arrangements.

Gender dimensions of labor market disruption deserve particular attention. Women in
Central Asia are disproportionately represented in sectors most severely affected by pandemic
restrictions: retail trade, hospitality, education, and healthcare. The closure of schools and care
facilities simultaneously increased unpaid domestic care burdens, predominantly borne by
women, further constraining their labor market participation. Survey data from Kazakhstan and
Kyrgyzstan indicated that female-headed households experienced poverty increases
approximately 15—-20% higher than the regional average [12].

Table 2. Remittance Flows to Central Asian Countries (% of GDP), 2019-2021

Country 2019 (%) 2020 (%) 2021 (%) Change 2019-20
Kazakhstan 0.2 0.2 0.3 Stable
Uzbekistan 14.8 131 17.3 V-1.7%
Kyrgyzstan 29.2 25.8 31.6 V -3.4%
Tajikistan 27.4 24.9 28.8 V -2.5%

Turkmenistan N/A N/A N/A N/A

Sources: World Bank Remittance Data, 2022; KNOMAD database.
5. IMPACT ON SMALL AND MEDIUM ENTERPRISES

Small and medium enterprises (SMEs) form the backbone of Central Asian economies in
terms of employment generation, though their contribution to formal GDP is constrained by the
prevalence of informality. The pandemic inflicted severe damage on this sector through multiple
mechanisms: forced closure of non-essential businesses during lockdowns, collapse of consumer
demand, supply chain disruptions, and acute credit market stress as lenders tightened conditions.

In Kazakhstan, government surveys conducted in mid-2020 found that over 40% of SMEs
had temporarily ceased operations, and approximately 15% reported that they did not expect to
resume activities [13]. The tourism, hospitality, events, and retail sectors were decimated. The
government launched the Economy of Simple Things program and Zerde digital economy initiative
as part of a broader recovery package, providing subsidized loans and tax deferrals to qualifying
SMEs.

Uzbekistan's SME sector, which had benefited from recent liberalization reforms, faced
significant liquidity crises. The government introduced a package of tax holidays, loan
restructuring, and direct support payments for businesses in affected sectors. However, access to
formal financial services remained uneven, with rural and informal businesses largely excluded
from official support mechanisms [14].
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In Kyrgyzstan, the impact on SMEs was compounded by the country's political instability —
the government changed three times between 2020 and 2021 — which disrupted the consistency
of economic support measures. The informal bazaar economy, which employs a large share of the
urban working population, received minimal formal support and relied on community-based
mutual aid networks.

A significant concern emerging from the pandemic is the risk of increased market
concentration. As SMEs collapsed or contracted, larger enterprises — particularly those with
access to digital platforms — were able to expand their market share. E-commerce grew rapidly
across the region, but the benefits were concentrated among established players and urban
consumers with reliable internet access, deepening rural-urban economic divides [15].

6. SOCIAL CONSEQUENCES: POVERTY, INEQUALITY AND WELFARE

The economic disruptions caused by the pandemic translated into measurable social
regression across Central Asia, reversing years of progress on poverty reduction and human
development indicators. The World Bank estimated that the COVID-19 pandemic pushed an
additional 2—3 million people in Central Asia into poverty (defined as living below $3.20/day PPP)
in 2020 alone, with the majority located in Kyrgyzstan, Tajikistan, and the poorer provinces of
Uzbekistan [16].

Pre-existing social vulnerabilities amplified the pandemic's social impact. In Tajikistan,
where approximately one-third of the population lived near the poverty line even prior to 2020,
the combination of remittance decline and economic contraction created acute food security
risks. UNICEF data indicated a measurable increase in child malnutrition indicators in the country's
mountainous Gorno-Badakhshan region during 2020-2021 [17].

Healthcare system stress was a defining feature of the social impact. Central Asian
healthcare systems — which were historically underfunded and structurally weakened by post-
Soviet privatization — were rapidly overwhelmed by COVID-19 caseloads. Kazakhstan and
Uzbekistan, with relatively stronger institutional capacity, were able to mobilize emergency
hospital capacity more effectively. Kyrgyzstan and Tajikistan experienced severe shortages of
oxygen, intensive care beds, and personal protective equipment, resulting in excess mortality
estimates that significantly exceeded official COVID-19 death tolls [18].

Education emerged as a critical social vulnerability. As detailed in the context of the
dissertation's third chapter, the shift to distance learning exposed deep digital divides within and
between Central Asian states. Dropout rates increased, particularly among girls in rural areas and
children from households experiencing poverty. UNESCO estimates suggest that learning losses
accumulated during 2020-2021 may require 3-5 years of targeted remedial educational
investment to address [19].

Social protection systems faced unprecedented demands during the pandemic. All five
governments introduced emergency social assistance measures of varying scope. Kazakhstan
launched the largest program, with one-time payments of 42,500 tenge to individuals who had
lost income — a measure that reached over 4.5 million people. Uzbekistan expanded its Makhalla
committee-based social support system. However, in all five countries, the informal economy's
workers and those without formal employment records were systematically excluded from most
support programs [20].
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7. GOVERNMENT RESPONSES AND COMPARATIVE POLICY EFFECTIVENESS

Government responses to the pandemic across the five Central Asian states varied
considerably in terms of speed, scale, transparency, and effectiveness, reflecting underlying
differences in institutional capacity, fiscal space, and political systems.

Kazakhstan implemented the most comprehensive response package, mobilizing
approximately 9 trillion tenge (roughly $21 billion USD) in anti-crisis measures, equivalent to
approximately 13% of GDP [21]. The package combined health system investments, direct social
transfers, SME support, and infrastructure stimulus. The government also launched the STOP
COVID-19 national tracking application and pursued a rapid vaccination campaign, achieving 60%
adult vaccination coverage by end-2021.

Uzbekistan's response was notable for its use of the existing Makhalla (community council)
network as a social protection delivery mechanism, blending modern administrative instruments
with traditional community governance structures. This hybrid approach enabled relatively rapid
identification and support of vulnerable households, though it also raised concerns about political
supervision of civil society.

Kyrgyzstan's response was severely constrained by fiscal limitations and political instability.
The government declared a State of Emergency in March 2020 but lacked the resources to enforce
sustained lockdowns or provide meaningful economic support at scale. International financial
support — including emergency IMF disbursements and loans from the Asian Development Bank
— was critical in stabilizing the fiscal situation.

Tajikistan's response was characterized by an initial denial of significant community
transmission, with the government only acknowledging widespread COVID-19 cases in May 2020.
This delayed response likely contributed to accelerated community spread and excess mortality.
The government's limited fiscal resources and institutional capacity constrained the scope of
economic support measures. Turkmenistan similarly denied any significant COVID-19 presence on
its territory throughout the pandemic period, a position that severely limited the government's
ability to mount an evidence-based public health and economic response [22].

Comparative assessment of policy effectiveness suggests that the combination of fiscal
space, institutional capacity, and policy transparency were the primary determinants of response
effectiveness. Countries with pre-existing social protection infrastructure, digital government
capacity, and access to international financial markets were significantly better positioned to
mitigate the economic and social consequences of the pandemic.

8. CONCLUSIONS AND POLICY RECOMMENDATIONS

This comparative analysis of the economic and social impact of COVID-19 across the five
Central Asian states yields several significant findings. First, while all five countries were exposed
to the same external shock, the outcomes diverged substantially, reflecting differences in
economic structure, institutional capacity, and policy response effectiveness. Kazakhstan and
Uzbekistan demonstrated greater macro-level resilience, while Kyrgyzstan and Tajikistan suffered
disproportionate economic contraction and social regression.
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Second, the pandemic dramatically exposed the structural vulnerabilities of remittance-
dependent economies. Kyrgyzstan and Tajikistan, where remittances constitute 25-30% of GDP,
experienced acute household poverty increases when migration corridors were severed. This
finding underscores the urgent need for economic diversification strategies that reduce
dependence on a single income source subject to external shocks.

Third, the pandemic revealed the profound inadequacy of social protection systems across
the region in covering informal and self-employed workers. Across all five states, the most
economically vulnerable populations — informal workers, labor migrants, rural households, and
female-headed households — were systematically underserved by emergency support programs.
Future pandemic preparedness plans must explicitly incorporate mechanisms for reaching these
groups.

Fourth, the digital divide emerged as a critical social fault line. The shift to distance learning
and digital government services disproportionately excluded rural populations, the elderly, and
low-income households, risking the entrenchment of new dimensions of inequality alongside
existing ones. Investment in digital infrastructure and digital literacy is not merely a developmental
aspiration but a public health and social protection imperative.

Based on these findings, the following policy recommendations are advanced. At the
regional level, Central Asian states should develop a coordinated regional pandemic preparedness
framework, including a shared epidemiological surveillance system, pre-positioned medical supply
reserves, and coordinated economic stabilization mechanisms — building on but substantially
strengthening the existing frameworks of the SCO and EAEU. At the national level, each state
should prioritize the extension of social protection coverage to informal workers, the building of
countercyclical fiscal buffers, and accelerated investment in healthcare system capacity. At the
household and community level, programs specifically targeting labor migrant households,
female-headed households, and rural communities should be institutionalized as permanent
features of social protection systems, rather than emergency add-ons.

The COVID-19 pandemic, despite its devastating consequences, has generated a rare
window of political opportunity for transformative reform of economic governance and social
protection in Central Asia. Whether this opportunity will be seized remains one of the defining
guestions for the region's development trajectory in the coming decade.
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FEO/TOTMYECKOE CTPOEHUE U
MEPCMNEKTMBbI MEAHOMO OPYAEHEHWA
MOWAN KbI3bIKAN B MPEAENAX AN-
KAPAAY/1bCKOTO MEAHOPYAHOIO
PAMOHA (BOCTOYHbIN KA3AXCTAH)

KouuaHos AHBap Anaapbekosmy
MarucTp TeEXHMYECKMX HayK, MHXKeHep-reonor, TOO «buptok AnTbiH», AnmaTsl, KasaxcTaH

AHHOTaUuA

B cTaTbe NnpeacTaBaeHbl pe3ybTaTbl re0/10ropasBeOyHbIX MCCAeA0BaHMI, BbIMOMHEHHbIX
Ha naowaam Kbi3blaxasa, pacnofoxKeHHOW B Npeaenax A-KapaayabCKoro meaHOPYAHOMO paloHa
BoctouHoro KasaxctaHa. PaccmoTpeHbl MCTOpMA Te0N0rMYecKor M3Yy4eHHOCTU TeppuTopuM,
0COBeHHOCTU CcTpaTUrpadnm, MarmaTMama U TEKTOHUKM paiioHa. MNpoBeaeH aHaAn3 pes3ybTaTos
reosI0rM4YecknMx MaplwpyToB, reOXMMUYecKoro onpoboBaHUA U reodPUsnyYeckmx UCCef0BaHWUN.
YCTaHOBNEHO, YTO MeAHaA MUHEPaNN3aLMA KOHTPOAMPYETCA 30HAMM TEKTOHMYECKUX HAapYLLEHNN
CeBepOo-BOCTOYHOTO U CYyOMepPMANOHANBHOTO HAaNPaBNEHNIN U IOKaNU3yeTCa NPeMMyLLEeCTBEHHO B
rMAPOTEPMANbHO M3MEHEHHbIX TpaxnbasanbToBbix NopdupmTax. Mo pesynbTatam onpobosaHMA
BblABAEHbI coaepanna meamn 40 5,0 %, 4TO NOATBEPKAAET BbICOKYHO NePCNeKTUBHOCTb NAOLLAAM
ANA AaNbHEeNLWNX NOMCKOBO-Pa3BeL04HbIX PaboT.

KntoueBble cnoBa: MegHOe opyaeHeHWe, naowaab Kbiablaxkan, BocTouHbi KazaxcTaH, Ain-
KapaaynbCKuMin  palioH, reosioropas3BedoydHble  paboTbl, reoxmumus, reodunsmka, Mefp,
MWHepannsaLma, ByIKaHOreHHbIe MOPOabI.

BeeaeHue

Meab ABNAETCA OAHMM W3 BAXKHEMWMX CTpaTerMyeckmMx MeTannoB COBPEMEHHOMN
NPOMbIWNEHHOCTU. POCT noTpebneHna meam B aHepreTuke, MaWMHOCTPOEHMM M NPON3BOACTBE
BbICOKOTEXHO/IOTMYHON MNpoAyKUMM onpeaenset HeobXoAMMOCTb PacCLIMPEHUA MUHEPaNbHO-
CbipbeBOM 6a3bl M MOUCKA HOBbIX MEPCMNEKTUBHbLIX OOBHEKTOB.

OOHUM M3 NepcnekTUBHbIX PANOHOB pPasBMTUA MeAHOro opyaeHeHuA Asnsetca Ain-
KapaaynbCKMin  MeaHOPYAHbIA  PaloH, pPacnoJIOXKEHHbIM B nNpeaenax CeBEepHOM 4acTu
BakaHaccKkoro cuHKkAMHopua [JxRyHrapo-banxalickon cknaa4aTon cuctemsl. B npegenax AaHHOMo
palioHa Haxoamutca nnowanb Kbi3blkan, rae B nocneaHwe rofdbl BbIMOAHEH KOMMIEKC
reonoropa3BeoyHbIX PaboT, HaNpPaBNEeHHbIX HA OLEHKY NepCcneKkTMB MeAeHOCHOCTN TEPPUTOPUN.

Llenbto HacToALLEero nccnenoBaHMA ABAAETCA aHAIN3 re01I0rMYeCcKoro CTPOeHWA NoWaam
KbI3blKan, BbiABAEHWE 3aKOHOMEPHOCTEM pa3MeLLleHNs MeAHON MUHEepanM3aumm M OUEHKa
NepcneKkTMB AanbHENWMX pa3Be0YHbIX PpaboT.

leonormyeckas n reopmsmyeckan N3y4eHHOCTb pamoHa

Tepputopua naowaan Kbi3blaxkan OTHOCUMTCA K YMCAY AaBHO M3BECTHbIX MeZeHOCHbIX
paloHoB BocToyHoro KasaxcTaHa. lNepBble CBeAEHMA O re0/IorMYeckoOM CTPOEHUN painoHa Hbiau
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noNyyeHbl eule BO BTOpPOM nonosuHe XIX Beka B Xo4e MapLpPYTHbIX WCCAeL0BaHUM,
NPOBOAMBLUMXCA PA3ANYHBbIMK UccnegoBaTenamm. CyLecTBeHHbIN BKAAA B U3yHeHWe TeppUTopum
BHecan A. TatapuHos, [[l. PomaHoBsckuin, B.A. Obpydes, A.K. Melctep, A.H. PabuHuH, M.H.
Monesoi, A.®. Cempuyescknin n H.H. lopHocTaes. Nony4yeHHble MaTepmabl NOCAYKUAN OCHOBOW
[ONA COCTaBNAEHMA NEPBbIX PErMOHANbHbIX FTE0N0MMYECKMX KapT U GOPMMUPOBAHMA NPeaCTaBAEHNN
0 reosIorMYeckom cTpoeHumn Tapbaratanckoro perMoHa.

[MhaHOMepHOe reosiorMyeckoe n3yvyeHme TeEPPUTOPMKM Ha4asloChb B cepeamHe XX Beka. B
nepunoa 1950-1954 rr. coTpyaHukammn [lpubanxalwickon 3akcneauumm Oblna  BbINOJHEHA
reosiormyeckas cbemka macwTtaba 1:200 000, no3BoAMBLIAA YTOYHUTb CTPATUIPadUIO, MarmaTmam
N TEKTOHWYECKOE CTPOEeHMe paioHa. BnocneacTBnm maTepmanbl CbeMKM OblM MCNONb30BaHbI NPK
COCTaBAEHWUUN FrOCYAAaPCTBEHHbIX FTEON0TMYECKMX KApT M MPOTrHO3HbIX CXEM PAa3MELLLEHNA NONE3HbIX
MCKOMaeMbIX.

Ocoboe 3HayeHune AN OUEHKM PYAOHOCHOCTM palioHa MMeno OTKpbiTne B 1964 roay
pyaonpossneHma OTalt B xoae pesBM3MOHHbIX paboT macwTtaba 1:20 000. BbiseneHne meaHom
MWHEpanmn3aumMmnm NoATBEPANAO MEepPCneKTUBHOCTb Aln-Kapaay/ibCKOro MeHOPYAHOro paoHa U
obycnoBmao NpoBeaeHne NocneayoLmMX NOMCKOBO-Pa3Bea0YHbIX PaboT.

B 1969—-1970 rr. Ha TEPPUTOPUN MPOBOANINCL NMOUCKOBO-CbEMOYHbIE PaboTbl MacliTaba
1:50 000, B xo4e KOTOpbIX OblnM AETann3nMpPOBaHbl FE0JIOTMYECKOe CTPOEHUE, CTPYKTYPHbIEe
0CODEHHOCTM M 3aKOHOMEPHOCTM pPasMelleHMA MefHOro opyAeHeHuA. B pesynbTate Obliu
YTOYHEHbI FPaHULLbl PYAOHOCHbIX 30H, YCTAHOB/IEHbI MEPCMNEeKTUBHbIE TEKTOHUYECKME CTPYKTYPbI U
onpeaeneHbl HanpaBAeHWA AabHENLWNX NCCNeL0BaAHUN.

Feodu3myeckoe M3yyeHWe paloHa Ha4yaNoCb C A3POMArHUTHOM CbeMKM MacwTaba 1:200
000, BbINO/IHEHHOM B Hadvane 1950-x rogoB. HecmoTpsa Ha OrpPaHUYEHHYH MHPOPMATUBHOCTb
PAaHHUX WCCNeAO0BAHWM MO COBPEMEHHbIM CTaHAAPTaM, OHW MO3BOAMAM MNOAYYUTbH NepBble
cBeaeHuA 0 rNyOUHHOM CTPOEHUN TEPPUTOPUM U BbIAENUTL KPYMHbIE CTPYKTYPHbIE 3/1EMEHTDI.

B nanbHenwem Ha NaoWaam NPOBOANANCE KOMMNEKCHbIe reodm3nyecKkmne ccaesoBanHms,
BK/IOYABLUME MArHUTOPA3BEAKY, 3/IEKTPOPA3BEAKY, IMTOrEOXMMUYECKME CHEMKM MO BTOPUYHbLIM
Ope0/laM pacceAHms, a TaKKe rpaBmmeTpuyeckme paboTbl. 3Ha4YMUTENbHbIM 06beM nccnefoBaHMM
6bin BbiNOAHEH B 1963 roay, Koraa TeppuTopua Oblna oxBaveHa reodM3MYecKom CbeMKOM
macwTtaba 1:50 000. PaboTbl CONPOBOKAANMCH AETaNbHbIMN FEOXMMNYECKMMWN NCCNEeA0BAHNAMM
M raMMa-CbeMKON.

Pe3ynbTaTbl paHHUX UCCNEA0BAHMI HEOAHOKPATHO NOABEPTAINCh KPUTUYECKOMY aHANN3Y
B CBA3W C HEAOCTAaTOYHOW M/AOTHOCTbIO HAbAAEHWN UM HECOBEPLUEHCTBOM WMCMO/b3yeMblX
meToanK. OAHAKO MMEHHO 3TW PaboTbl MO3BONMAM BbIAEANTb PAL AHOMAJbHbIX Y4aCTKOB,
BNOCNEeACTBMM MNOATBEPAMBLUMX CBOK MNEPCNEKTUBHOCTb. B 4acTHOCTWM, Obinn  BbIABAEHDI
reoxMMmMYecKkne opeosibl Meamn 1 N0Ka/ibHble aHOMANMK BbI3BAHHOM MONAPMU3ALMM, CBA3AHHbIE C
30HaMM CyNbGUAHON MUHEPAU3ALUN.

BaXKHbIM  3TanOM M3y4YeHWA paloHa CTanu AeTajlbHble reonoro-reopusmyeckme
nccnenoBaHmAa pygonposasneHma OTal, BbinosHeHHble B 1969-1970 rr. B xoae paboT npumeHanca
KOMMNJEKC MEeTO/0B, BKAOYABLMN TUTOrEOXMMMUYECKYIO CbEMKY, MarHMTOPa3BEeAKY, BbI3BaHHYHO
nonApusaumMio, TramMMa-CbeMKY, TOpPHO-pasBedoyvHble  BblpaboTkM ©  bBypeHue. MWTorom
nccaeaoBaHMM CTano oTKpbITMe OTaMcKOro MeAHOro MeCcTopPOXKAEHNA, NOATBEPANBLIEE BbICOKYHO
MeTaN/IoreHNYEeCKyo cneumanmsaumo panoHa.

lmaporeonornyeckne ycaoBusa pamoHa

MAOpOreoNorMyeckme ycioBMa TEPPUTOPUM ONpeaenatTcs ocobeHHoCTAMM penbeda,
KNAMMaTUYECKMMM GAKTOPaMM M Te0NOrMYECKMM CTPOEHWEM palioHa. Maowaab pacnonoXeHa B
npegenax Mexaypedba pek Kapakon M AN M XapaKTepusyeTcA OrpaHMYeHHbIM pPa3BUTMEM
NOBEPXHOCTHOW rMaporpaduyeckom cetu.
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OCHOBHOI BOAHOM apTepuvein pailoHa ABnAeTcs peka Kapakon, bepylias Hayvano Ha
CeBepHbIX CKAOHax xpebTa Tapbaratai. Peka MMeeT APKO BbIPa*KEHHbIA CE30HHbIN PEXUM
nuTaHMA. MaKkcMManbHble pacxoabl BOAbl HabA0AAt0TCA B BECEHHWI NEPUOA, M CBA3AHBI C TAAHUEM
CHEXKHOro NOKPOBA, TOrAA KaK B IETHE-OCEHHWN Nepuos CTOK CYLLEeCTBEHHO YMeHbLIaeTCs.

MocTosiHHblIE BOAOTOKM B LEHTPANbHOM M HOXKHOM YacTAX TEPPUTOPUM MNPaAKTUYECKM
OTCYTCTBYIOT. BOAOCHabXeHWe OCyLLeCcTBAAETCA MNPEeMMyLLEeCTBEHHO 33 CYeT POAHMKOB W
noA3eMHbIX BoA. Hanbonee nepcneKkTMBHbIM MCTOYHMKOM MPECHbIX MOA3EMHbIX BOA ABNAETCA
POAHUK MypyHcy, AebUT KOToporo gocturaeT 2,5 Am3/c, 4To COOTBETCTBYET npumepHo 210 m3
BOZbl B CYTKM.

MoasemHble  BOAbl MPUYpPOYEHbl TNaBHbIM  0O6Pa3OM K 30HAM  TEKTOHWYECKOM
HapyLWeHHOCTN, TPEeWMHOBATOCTM U BbIBETPUBAHWA BY/JKAHOreHHbIX nopoa. Hawmbonbuen
BOAOOOUNBHOCTBIO  XapaKTEPU3YKOTCA  Pa3/ZIOMHble  30Hbl WM Y4aCTKM  Pa3BUTUA  PbIX/IbIX
YeTBEPTUYHbIX OT/IOKEHUI.

MMApOreonorMyeckne ycnoBma paoHa B LenoM OnaronpuATHbl ANA NpOBeeHUA
reos0ropassefo4vHblx paboT. Hn3kaa 06BOAHEHHOCTb FOPHbIX MOPOA M HE3HAYUTEIbHOE Pa3BUTUE
MOBEPXHOCTHbIX BOAOTOKOB CYLLECTBEHHO YMNPOLLAtOT npoBeseHne OypoBbix PaboT M rOpHbIX
BbIPabOTOK.

MeTannoreHm4yeckne ocobeHHOCTU TEPPUTOPUN

Mnowanb Kbi3bkan BxoaMT B cocTaB AR-KapaaynbCKOro MeAHOPYAHOro pPaloHa,
KOTOPbIN XapaKTepu3yeTcAa LUMPOKMM  Pa3BUTMEM MEAHOM MWHepanusaumMm pPasiMyHoro
reHeTMYecKoro Tuna. B npeaenax paWoHa BblAENAOTCA CTPATUGOPMHbIE MECTOPOXKAEHMA
MeAMNCTbIX MNeCYaHWKOB, MeAHO-LEeONIUTOBbIE MPOABNEHNA B BY/IKAHOMEHHbIX MOPOAAX U
pereHepupoBaHHble pyAHble Tena, TOKaM30BaHHbIE B 30HAX TEKTOHMYECKMX HapyLWeHW.

Hanbonee nepcnekTMBHbIMM 0OBEKTAMM palioHa ABAAIOTCA PyAONPOABAEHNA Kbi3blaxKan,
Bairoxka n Mapbactay. Obuier ocoBeHHOCTbIO yKa3aHHbIX 0ObEKTOB SABAAETCA TecHasa CBA3b
OPYAEHEHMA C TUAPOTEPMANbHO WM3MEHEHHBIMW BY/JIKAHOTEHHBIMM MOPOAAMM M 30HAMM
MHTEHCMBHOWN TEKTOHMYECKOM NepepaboTKu.

MenHas MWHepanMsauusa npeacTaBieHa NPeMMyLecTBEHHO ManaxMTOM, asypuToM,
XaNbKO3MHOM M CAMOPOAHOM Meapbto. PyaHble MUHEPAbl NTOKANU3YOTCA B TPELLMHAX, MPOXKMUIKAX
KBapL-3NMA0TOBOrO COCTaBa, a TaKXe B MMHAANMHAX BY/IKAHMYECKMX Nopod. Ha oTaenbHbIX
y4acTKax OTMeYaeTcA pa3BUTME 30H BTOPUYHOTO 060raleHma 1 OKMCNEHHbIX Py, TUMa «Kene3Hom
WAAMbI», YTO MOXKET CBMAETENbCTBOBATL O HaMYMKM Bonee HOratoro NepsUYHOro cyNbGuaHoro
opyAeHeHMa Ha rnybuHe.

COBOKYMHOCTb re0/I0rMYECKMX, FEOXMMUYECKMX U reodU3NYEeCKMX NMPU3HAKOB NMO3BONAET
paccmaTpumBaTb naolwaab Kbi3blKan Kak nepcnekTUBHbIM 0OBbEKT A8 AaNbHEWWMX NMOMCKOBO-
OLUEHOYHbIX PaboT Ha MeZlb M COMYTCTBYOLLME NONE3HbIE KOMMOHEHTbI.

MaTtepuanbl U METOAbI MCCNEA0BAHUM

B OCHOBY McC/nenoBaHMA MOMOXKEHbI  Pe3yibTaTbl  ME0A0ropasBelovHbIXx  paboT,
BbiNo/IHeHHbIX TOO «OT1al» B nepnog 2015-2026 rr.

KomnneKkc nccneaoBaHuim BKAKOYAN:

. MOMCKOBbIE Fe0I0rMYECKME MAPLLPYThI;
. NPOXOAKY Pa3BeA0YHbIX KaHaB;

. HypeHMe NOUCKOBbLIX M Pa3BeA0YHbIX CKBAXKMH;
. wTydpHoe n 6opo3anosoe onpoboBaHue;

. XMMWUKO-aHaIMTUYECKME UCCNeN0BaHMSA;

. 3/1eKTPOPa3Be0YHble PaboTbl;
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o KOMMAEKCHYO NHTepnpeTaumio MarHUTOMETPUYECKMX n
rPaBMMETPMYECKUX AAHHbIX.

MNpuBaA3Ka To4yeK HabntoAdeHMA ocyllecTBafNacb C uMcnosbloBaHMem GPS-Hasuraumm.
AHanuUTMYecKme mMccneaoBaHMA BbIMOJHAAMCE METOAOM aTOMHO-3IMUCCMOHHOMO CMEKTPaabHOro
aHanmsa.

Bcero B npougecce nonckoBbix paboT 6bi10 oTobpaHo 187 wTydHbIX Npob.

[eonornyeckoe CTpoeHne panoHa

B TEKTOHMYECKOM OTHOWEHUM naowadb Kbi3blXKan pacnosioxeHa B npegenax
BepnKTacCKON CUHKIMHANM, ABAAIOWENCA KPYNMHOM CTPYKTYpPOM CeBepHOM 4YacTu bakaHacckoro
CUHKAMHOPMA.

OCHOBY reo/s10rM4eckoro CTPOeHMA COCTaBAAKOT BY/IKAHOrEHHble 0D6pa30BaHMA BEPXHErO
Nnaneosod, NpeACTaBAEHHbIe:

D HasanbTamu;

. TpaxmbasanbTamu;

. TpaxuMaHOe3nTamu;

. Ty$pamm pa3MYHOro CoCTaBa;

. BY/IKAHOT€HHO-0Ca04YHbIMM 0O6Pa30BaAHUAMM.

Hanbonee wMpoKoe pacnpocTpaHeHWe MMetoT Nopoabl KeHKebalCKon CBUTbI BEpPXHEMN
nepmMu, MOLLIHOCTb KoTopor gocturaet 1500-1900 m.

Cpean MarmaTmyecknx  obpasoBaHuUi 3HaYMTeNbHOEe pa3BuTUE noay4mam
cybBYNKaHMYeckMe Tena Tpaxmbas3anbToBbIX NOPOUPUTOB, AMOPMTOBLIX MNOPOUPUTOB U

CMEHOAMOPUTOB.
PasnomHan TEKTOHWKa NpeacTaBieHa ABYMS OCHOBHbIMM CUCTEMAMM HaPYLLIEHWA:
. CeBepo-BOCTOYHOTO (AMCKOro) HanpaBaeHUs;
. cybmepunamoHanbHoro (Kapaaynbckoro) HanpasaeHus.

VIMEHHO [aHHble CTPYKTYpbl SABASIOTCA MaBHbIMU PYAOKOHTPONMPYIOWMMK S1EeMEHTAMM
TeppUTOPUM.

Pe3ynbTaThl ucCnenoBaHUm

reopusnyeckme aaHHble

B npeaenax naowaauM npoBeAeHbl MArHUTOMETPUYECKME U 3/71eKTPpopasBesoYHble
nccnenoBaHMA MeTOA0M BbI3BAaHHOM NONAPM3ALLUN.

Hanbonee nepcneKkTMBHbIE Y4ACTKM XapaKTEPMU3YIOTCA NOBbILEHHOW NONAPU3YEMOCTbIO 40
2,5 % npu doHOBOM 3HaveHuM okoio 1,0 %, 4TO MOXKET CBUAETENBCTBOBATL O HA/IMUYMM CKPbITOM
cyNbdUAHOM MUHEpPANN3aLUN.

Mo AaHHBIM MArHWTOMETPUM BbIABMEHbI 30Hbl MOBbIWEHHbIX FPAAMEHTOB MArHWUTHOIO
NONA, CBA3AHHbIE C pPas3BUTUEM CYOBY/NKAHUYECKUX WHTPY3MBHbIX Te€N W TEKTOHWMYECKMX
HapyLeHWN.

[eoxnMunyeckme pesynbTaThbl

B xoae MapuwpyTtoB OblM  BbIABNEHbI MHOFOYMCAEHHbIE MPOSABAEHMA  MeAHOM
MWHepanmnsauum, npeacTtaBieHHble:

. MafiaxmTom;
. asypuUTom;

. Xa/IbKO3UHOM;

. CaMOPOAHOM Me/bto.

CofeprkaHma meam B LUTYPHbIX NPOBax M3MEHAIOTCA OT COTbIX A0/EMN NPOLLEHTA A0 BbICOKUX
3HaYeHUMN.
MaKcMMmanbHble pe3y/ibTaTbl COCTaBUIN:

paz
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No npobbl Cu, \
1048 5,0
1044 4.0
1024 3,0
1039 3,0
1054 3,0
1026 2,5
1046 2,5
1052 2,5
1156 2,5

Mony4YyeHHble AaHHbIEe CBUAETEIbCTBYIOT O Pa3BUTMM YCTOMYMBON MeAHOM MUHEPaM3aLMM
B Npeaenax uccaenyemom naowaam.

OcobeHHOCTU NOKaNM3aLMKN OpyaeHEeHNA

MegnHoe opyaeHeHWe NPOCTPaHCTBEHHO CBA3AHO C:

o 30HamMu apobneHus;

. TEKTOHWNYECKUMWN HAPYLIEHUAMU;

. KBaPL-3MUA0TOBbIMU MPOXKUIKAMM;

. y4aCTKamMmM OKBapLEeBaHMA 1 aNnA0TM3aumMm nopoa,.

OCHOBHbIMM PYAHBIMM MUHEPaNaMK ABAAIOTCA Xa/IbKO3MH, MaJlaxnT U CaMmopoaHas Medpb.
fMapoTepPManbHblie M3MEHEHWUS NPeACTaBAEeHbI:

. OKBapLEeBaHNEM;
D annaoTmnsaumen;
D npeHnTn3aumnen;
. NIMMOHUTU3aLMEN.

Hanbonee WHTEHCMBHAA MUHepanusauma HabawodaeTcas B npeaenax rmapoTepmasnbHO
M3MEHEHHbIX TPaxmMbaszanbToBbIX NOPOUPUTOB.

ObcyxaeHne

AHaNM3 reoNornyYecKkmnx, reoXMMUYECKMX U reodU3NYEecKMX AaHHbIX MOKa3blBaeT, YTO
dopmMmpoBaHME MeAHOro OpyAeHEeHWs CBS3aHO C MO3AHENepPMCKOM TEeKTOHO-MarmaTUYecKon
aKTMBM3aLMEN permoHa.

CybmepuanoHasbHble U CEBEPO-BOCTOYHbIE PA3/10Mbl ABASNCD KaHANaMM LUMPKRYASLMMN
rMAPOTEPMAsIbHbIX PACTBOPOB, 4YTO 0OyC10BMAO GOPMMPOBAHME 30H KBAPL-3MMAOTOBbIX
METaCOMaTWUTOB M CONYTCTBYIOLLEN MeAHOW MUHEPANN3ALMN.

CoyeTaHue cneayrouimx GakTopos:

. BbICOKMX COAEPHKAHWUNA Meau;

. 30H MHTEHCUBHOTO ’MAPOTEPMA/IbHOTO M3MEHEHUS;
. aHOMaNMI BbI3BAHHOM NOASPU3ALMN;

. reoXMMMNYECKMX OPEO/IOB pPaccesHMUs,

MO3BO/IAET pPaACCMaTpMBaTb MAOWaab Kbi3blXKan Kak I'IepCI'IeI-(Tl/IBHbIPI 006bEeKT anA
MOCTAaHOBKW AeTa/IbHbIX MOMCKOBO-OLLEHOYHbIX pa60T.

3aKknoveHne
B pe3ynbTaTe NpoBeAeHHbIX MCCea0BaHNI YCTAaHOBEHO:

1. Mnowaab Kbi3blAKan pacnonoxKeHa B npegenax NepcrnekTMBHoro Ai-
Kapaay/ibCKOro MmeaHopyAHOro panoHa.

2. OCHOBHbIMM PYAOKOHTPOIMPYIOWMMKN CTPYKTYPaMM ABAAOTCA Pa3/10Mbl
CEeBEepO-BOCTOYHOIO M CyOMEPUANOHANbHOTO HanpaBaeHW.

3. MeaHaa MUHEepanM3aLmMa NOKAAM3YETCA B TMAPOTEPMAIbHO M3MEHEHHbIX

TpaxnbazanbToBbIX NOPPUPUTAX M KBAPL-3MNAO0TOBbIX MPOXKUIKAX.
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4, MaKcrManbHble coaeprKaHna meam B WTyPHbIX npobax gocTturatoT 5,0 %.

5. Ffeopunsnyeckme aHOMaAUM U pesyabTaTbl FEOXMMMYECKOro onpoboBaHNA
CBMAETENbCTBYIOT O BO3MOXKHOCTM OOHAPYKEeHMA NPOMbILAEHHbIX KOHLLEHTPaUMIM MeaHbIX
pya Ha rnybuHe.

6. Mnowaab Kbi3blxKan pekomeHayeTca 418 NPOBeAeHMA  Aa/bHENLIMX
MOMCKOBO-OLLEHOYHbIX M pa3BeAO4YHbIX PaboT ¢ NpUMeHeHnem bypeHus.
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Abstract

Human aging is a heterogeneous biological process shaped by sex, tissue context, immune state,
and cumulative molecular injury. Large-scale bioinformatic studies now indicate that males and
females do not age identically at the transcriptomic and epigenetic levels, and that these
differences are further modified by chronological age, cellular composition, and disease burden. A
major unresolved challenge is how to integrate sex-stratified and age-stratified omics information
into a coherent mechanistic framework that explains differential trajectories of inflammation,
chromatin remodeling, transcriptional drift, and biological age acceleration. This article presents a
journal-style integrative synthesis of human large-data analyses focused on transcriptomics, DNA
methylation, single-cell profiling, and multi-tissue age prediction. Across blood, brain, lung, muscle,
and frailty-related cohorts, convergent evidence suggests that aging-associated immune activation
is not uniform between males and females, and that sex modifies both the amplitude and direction
of age-linked molecular change. Transcriptome-scale studies indicate sex-dependent regulation of
inflammatory programs, mitochondrial pathways, extracellular matrix remodeling, and cellular
stress responses. Epigenetic analyses reveal widespread autosomal DNA methylation differences
between men and women, as well as sex-specific age-related methylation dynamics that likely
influence gene expression regulation across the lifespan. At the systems level, integrative analyses
support a model in which endocrine environment, immune composition, chromatin state, and
tissue-specific resilience interact to generate distinct aging phenotypes in males and females.
Biological age estimators derived from RNA and DNA methylation further show that chronological
age alone is insufficient to explain inter-individual variation, and that sex may be an independent
modifier of molecular age trajectories. The most informative analytical designs therefore separate
male and female participants, stratify by age group, control for cell-type composition, and integrate
transcriptomic with epigenetic data rather than treating them as isolated layers. A high-impact
framework for future studies should combine multi-omic harmonization, single-cell deconvolution,
longitudinal modeling, and mechanistic interpretation of sex-biased regulatory networks. Such an
approach will improve the understanding of healthy aging, inflammaging, frailty,
neurodegeneration, and age-related disease susceptibility, while enabling more precise
biomarkers and sex-aware translational strategies.
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Introduction

Aging is not a single linear program but a multidimensional process involving progressive changes
in gene regulation, chromatin architecture, cellular identity, and intercellular communication.
Although chronological age remains the most widely used descriptor of aging, molecular studies
increasingly demonstrate that people of the same age may occupy markedly different biological
states. One of the strongest modifiers of these states is sex. Human males and females differ in
lifespan, immune response, susceptibility to specific chronic diseases, body composition,
endocrine signaling, and patterns of functional decline. These phenotypic differences suggest that
the underlying molecular architecture of aging is partly sex-dependent, and therefore should not
be analyzed as a pooled average whenever large datasets are available (Hagg and Jylhava, 2021;
lannuzzi et al., 2023).

In the past decade, omics-scale investigations have transformed aging biology from a descriptive
discipline into a data-rich systems science. Bulk transcriptomics revealed age-dependent shifts in
inflammatory, metabolic, and stress-response pathways across tissues. DNA methylation studies
defined robust sex-associated and age-associated epigenetic signatures. Single-cell
transcriptomics further showed that part of the aging phenotype reflects changes in cell-state
distribution rather than uniform deterioration within all cells. Biological age clocks derived from
RNA or methylation data added a predictive layer, suggesting that age can be modeled
guantitatively from molecular features and that deviations from chronological age may reflect
disease risk or accelerated decline (Fransquet et al., 2019; Ren and Kuan, 2020; Shokhirev and
Johnson, 2021).

Despite these advances, the field still faces a critical interpretive problem: most studies evaluate
age effects and sex effects separately, or adjust for sex as a nuisance variable instead of analyzing
it as a biological axis. This is a major limitation because sex differences are not static offsets. Rather,
they change across the life course. A sex-associated transcriptional signature in youth may weaken,
reverse, or intensify in later life. Similarly, epigenetic aging trajectories may differ between males
and females depending on tissue, menopause-related endocrine transitions, immune remodeling,
and chronic inflammatory load (Kankaanpaa et al., 2022; Johnston et al., 2025). Therefore, age-by-
sex interaction is not a statistical inconvenience but a central biological phenomenon.

A second challenge concerns integration across molecular layers. Aging-associated transcriptomic
changes are often discussed independently from DNA methylation remodeling, even though the
two are mechanistically linked. Early-life methylation profiles may foreshadow later-life
transcriptional states, and age-related methylation drift may shape chromatin accessibility,
transcription factor binding, and inflammatory gene activation (Hadad et al., 2019; Yusipov et al.,
2020). In parallel, tissue context strongly influences the apparent magnitude of age effects. Blood-
based studies are highly informative for immune aging, but they may not fully capture regulatory
patterns in brain, lung, or skeletal muscle, where sex-specific aging signatures also emerge (Dugo
et al., 2016; Gharpure et al., 2023; Chien et al., 2024).

This article synthesizes the available large-data literature into a PubMed-style, high-impact
conceptual framework centered on sex-stratified and age-stratified bioinformatic analysis. The goal
is not to claim a new primary cohort, but to integrate current evidence into a rigorous model of
molecular aging. The central argument is that aging must be studied by separately analyzing males
and females across distinct age categories, while jointly examining transcriptomic and epigenetic
remodeling. Such a framework is essential for understanding inflammaging, tissue vulnerability,
biological age acceleration, and mechanisms of resilience.
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Materials and Methods: Integrative Bioinformatic Framework for Sex- and Age-Stratified Aging
Analysis

A robust bioinformatic study of sex differences in aging should begin with cohort architecture
rather than downstream modeling. The most informative designs include both males and females
across multiple age strata, ideally spanning early adulthood, middle age, and older age. Even when
longitudinal data are unavailable, cross-sectional cohorts can still provide meaningful mechanistic
insight if they are balanced for sex, age range, disease status, and technical variables. A
fundamental principle is that sex should not be included solely as a covariate. Instead, the analysis
should explicitly compare male and female trajectories within each age stratum and test
interaction terms that reveal whether aging proceeds along different molecular routes in the two
groups (Hagg and Jylhava, 2021; Huang et al., 2021).

The next step involves data harmonization. Large aging studies often combine bulk RNA
sequencing, microarray expression profiles, DNA methylation arrays, clinical metadata, and single-
cell data obtained from different tissues or cohorts. Harmonization requires normalization within
each data type, removal of batch effects, standardization of gene identifiers, and careful annotation
of sex and age. In methylation studies, autosomal CpGs are especially informative because they
capture sex-associated regulatory patterns beyond the obvious contribution of sex chromosomes
(Singmann et al., 2015; Grant et al., 2022). In transcriptomic studies, the use of tissue-aware
modeling is essential because age effects in immune tissue differ from those in lung, brain, or
muscle (Dugo et al., 2016; Gharpure et al., 2023; Shokhirev and Johnson, 2021).

A core analytical layer is differential expression or differential methylation performed separately in
males and females within each age group. This permits at least four comparisons: young versus
middle age in males, young versus middle age in females, middle age versus older age in males,
and middle age versus older age in females. Beyond simple pairwise comparisons, generalized
linear models or mixed-effects frameworks can estimate continuous age effects, sex effects, and
age-by-sex interactions simultaneously. Interaction analysis is crucial because it identifies
molecular features whose aging pattern diverges between the sexes rather than merely differing
at baseline.

Functional interpretation should then move from single-gene findings to network-level structure.
Enrichment analysis for immune pathways, mitochondrial metabolism, extracellular matrix
organization, proteostasis, chromatin regulation, and senescence-associated signaling provides a
first view of biological directionality. However, pathway lists alone are insufficient. Weighted co-
expression networks, transcription factor motif analysis, and regulatory network inference are
more informative because they highlight modules that become destabilized, activated, or
reprogrammed with age in one sex more than the other. This approach is particularly relevant for
inflammatory and interferon-related programs that often dominate aging datasets (Marttila et al.,
2013; Marquez et al., 2020; Nevalainen et al., 2015).

For epigenetic integration, methylation-expression coupling is especially valuable. The goal is not
simply to catalog age-associated CpGs, but to identify methylation changes plausibly linked to
expression shifts in nearby or functionally related genes. Early-life methylation patterns that
correlate with age-related transcriptional signatures may reveal developmental priming of aging
trajectories (Hadad et al., 2019). Conversely, late-life methylation drift may indicate accumulated
regulatory instability. Biological age estimators such as methylation clocks and RNA-based age
predictors can be layered onto this framework to test whether males and females show different
patterns of acceleration or deceleration relative to chronological age (Fransquet et al., 2019; Ren
and Kuan, 2020; Kankaanpaa et al., 2022).

Finally, cell-type composition must be addressed explicitly. Bulk blood or tissue data are strongly
influenced by shifts in immune or stromal populations with age. Deconvolution methods and
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single-cell validation prevent misinterpretation of composition changes as purely intracellular
regulatory changes. The emergence of single-cell atlases has made this step indispensable,
particularly in immune and neural tissues where age and sex interact at the cell-state level (Huang
et al.,, 2021; Chien et al,, 2024). A high-quality aging analysis therefore combines sex-stratified
modeling, age stratification, molecular integration, and cell-type resolution.

Results I: Sex-Stratified Transcriptomic Architecture Across the Human Lifespan

Transcriptomic studies across human cohorts consistently show that aging is accompanied by
broad reorganization of inflammatory, metabolic, and structural pathways, but these changes do
not occur identically in males and females. One of the most recurrent observations is that sex
modifies the amplitude of transcriptional drift. Rather than all tissues converging on a universal
aging program, the molecular response to age appears to be sex-dependent, tissue-dependent,
and in some settings disease-dependent (Shokhirev and Johnson, 2021; Pacheco et al., 2022).
Immune-related transcriptomic studies provide the clearest early evidence. Analyses of peripheral
blood and immune-system datasets showed that aging is associated with substantial changes in
genes involved in innate immunity, inflammation, and leukocyte function, with distinct male and
female patterns (Marttila et al., 2013). This observation suggested that sex is not merely associated
with immune strength at a phenotypic level; it is embedded in the transcriptional architecture of
immune aging itself. Later work reinforced this view by demonstrating sexual dimorphism in human
immune aging at the systems level, including sex-biased trajectories in immune-cell abundance
and function (Marquez et al., 2020).

Bulk tissue studies further extend this pattern beyond blood. In lung tissue, transcriptome profiling
indicated that both sex and age influence gene expression, and that the two variables cannot be
treated as independent background factors (Dugo et al., 2016). In skeletal muscle, age-associated
transcriptomic remodeling also displayed sex specificity, implying that anabolic signaling,
mitochondrial function, extracellular matrix organization, and inflammatory responses may
deteriorate along different temporal paths in males and females (Gharpure et al., 2023). A similar
principle emerged in middle-aged frailty cohorts, where sex-specific gene-expression signatures
suggested divergent mechanisms of functional decline even before advanced old age becomes
clinically dominant (Pacheco et al., 2022).

These findings have important mechanistic implications. First, aging-associated transcriptional
change is not simply a loss of youthful expression levels. Many aging signatures reflect active
reprogramming toward inflammatory and stress-adaptive states. Second, the same pathway may
age differently in males and females. For example, immune and inflammatory genes may increase
more strongly in one sex, whereas metabolic decline or tissue remodeling may be more apparent
in the other. Third, the timing of divergence matters. Some sex-dependent changes become visible
primarily in middle age, suggesting a role for hormonal transitions, accumulated environmental
exposure, or delayed consequences of earlier epigenetic programming.

Multi-tissue transcriptomic modeling supports the concept that age prediction from RNA data
improves when sex is considered explicitly. Transcriptomic age calculators and multi-tissue models
reveal that age-associated features are distributed across pathways related to inflammation,
mitochondrial biology, proteostasis, and extracellular signaling, but the relative weight of these
pathways differs according to tissue and sex (Ren and Kuan, 2020; Shokhirev and Johnson, 2021).
Thus, pooled analyses may conceal important sex-specific biomarkers by averaging opposite or
unequal effects.
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A central lesson from the transcriptomic literature is that male-female comparison must not be
limited to identifying genes with different mean expression. The biologically relevant question is
whether age changes the regulatory landscape differently in each sex. When this question is asked
directly, the answer is consistently yes. Aging is transcriptomically dimorphic, and this dimorphism
is @ major organizing principle of human molecular gerontology.

Figure 1. Sex- and age-stratified multi-omic framework of human aging.

This schematic summarizes the conceptual bioinformatic workflow for analyzing human aging as a
sex-dependent and age-dependent molecular process. Panel Aillustrates cohort architecture
stratified by sex and chronological stage, with representative tissues including blood, brain, lung,
and skeletal muscle. Panel B outlines the analytical pipeline integrating transcriptomic, DNA
methylation, clinical, and single-cell reference data through harmonization, normalization, age-by-
sex interaction modeling, and cell-type deconvolution. Panel C depicts the principal mechanistic
network linking transcriptomic drift and epigenetic remodeling to chromatin regulation,
inflammatory signaling, mitochondrial dysfunction, extracellular matrix remodeling, and cellular
stress responses, highlighting that the direction and magnitude of these changes differ between
males and females. Panel D shows the major biological and translational outputs of this
framework, including inflammaging, tissue vulnerability, frailty, neurodegeneration risk, and
biological age estimation, culminating in sex-aware biomarkers and precision aging strategies. This
figure reflects the article’s central conclusion that human aging should be studied through
integrated, sex-stratified, and age-stratified multi-omic analysis rather than pooled models that
obscure biologically meaningful divergence.

Results II: Epigenetic Remodeling and Sex-Specific DNA Methylation Trajectories

Epigenetic analysis provides a complementary but mechanistically deeper view of age-related
divergence between males and females. DNA methylation is especially informative because it
captures both relatively stable sex-associated regulatory signatures and dynamic age-related
remodeling. Large cohort studies demonstrate that men and women differ extensively in
autosomal methylation patterns, even after excluding sex chromosomes. These differences
indicate that sex-related biology penetrates the regulatory genome broadly and may influence
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gene expression, immune response, and tissue function across the lifespan (Singmann et al., 2015;
Grant et al., 2022).

A key advance in the field was the recognition that age-related methylation changes are
themselves sex-specific. Rather than aging imposing a single universal methylome trajectory,
cohorts analyzed across adulthood showed that particular loci exhibit different age-dependent
behavior in males and females (Yusipov et al., 2020). This observation is important because it
implies that age is filtered through sex-dependent regulatory systems. Such systems may involve
endocrine signaling, sex-biased chromatin accessibility, differential inflammatory tone, or variable
exposure to metabolic stress. Consequently, the same chronological interval may represent distinct
epigenetic states in men and women.

Sex-associated methylation differences are not merely descriptive marks. They likely influence
gene regulatory potential, transcription factor binding, and the responsiveness of immune or
metabolic genes to age-related stressors. Whole-blood methylation studies using dense arrays
have identified broad autosomal differences between men and women, suggesting a distributed
architecture rather than a few isolated loci (Grant et al., 2022; Singmann et al., 2015). This
distributed nature is consistent with the view that sex differences in aging emerge from network-
level regulatory context rather than from single master switches.

The relationship between methylation and downstream expression is especially relevant to aging.
Early-life methylation profiles may already encode susceptibility to later-life transcriptomic states,
as suggested by studies connecting developmental methylation patterns to age-related expression
changes (Hadad et al., 2019). This supports a life-course model in which sex-biased regulatory
architecture begins early and influences later trajectories of resilience or decline. In this
framework, adulthood and old age do not create sex differences de novo; instead, they amplify,
redirect, or unmask pre-existing regulatory asymmetries.

Epigenetic clocks have further sharpened the discussion. Methylation-based age measures predict
morbidity and mortality risk, indicating that DNA methylation captures clinically meaningful
biological aging rather than random drift alone (Fransquet et al., 2019). Yet sex complicates
interpretation. Some human studies suggest that males and females differ in biological age
acceleration depending on the clock used, age range, and tissue examined (Kankaanpaa et al.,
2022; Grodstein et al., 2021). This means there is no single epigenetic clock equally calibrated for
all biological contexts. Sex-aware modeling is therefore necessary to avoid overgeneralization
when using epigenetic age as a biomarker.

The epigenetic literature ultimately points toward three conclusions. First, sex differences
permeate autosomal methylation landscapes. Second, aging modifies these landscapes differently
in males and females. Third, the biological meaning of methylation change can only be understood
fully when integrated with expression, tissue identity, and cell composition. Without that
integration, age-associated methylation findings remain catalogues; with it, they become
mechanistic maps of regulatory aging.

Results Ill: Inflammaging, Immune Remodeling, and Differential Male-Female Trajectories
Inflammaging is one of the most reproducible hallmarks of molecular aging, but its biological
expression is not uniform across sexes. Transcriptomic and integrative studies in blood, immune-
cell populations, and elderly cohorts suggest that males and females engage inflammatory
pathways differently as they age. This divergence likely contributes to known sex differences in
infection response, autoimmunity, frailty, and chronic disease risk (Marttila et al., 2013; Nevalainen
et al., 2015; Marquez et al., 2020).

Among older adults, combined transcriptomic and epigenetic analysis has shown that
inflammation-associated signatures differ by sex, indicating that the genomic manifestation of
inflammaging is not a common endpoint reached through identical routes (Nevalainen et al,,
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2015). This is a crucial concept. Two individuals may both meet clinical criteria for inflammatory
aging, yet the underlying molecular drivers may differ if one trajectory is dominated by innate
immune activation, while another reflects altered chromatin state, monocyte skewing, or cytokine
signaling. Sex may help determine which route becomes predominant.

Sex-Specific Epigenetic Remodeling During Human Aging

Figure 2. Epigenetic remodeling and sex-specific DNA methylation trajectories during human aging.
This schematic illustrates the conceptual framework of sex-dependent epigenetic aging. Distinct
autosomal DNA methylation profiles in males and females undergo age-related remodeling across
the lifespan. These sex-specific methylation dynamics influence chromatin organization,
transcriptional regulation, immune aging, and biological age acceleration. The model emphasizes
that aging does not follow a single universal epigenetic trajectory; instead, sex acts as a biological
modifier that shapes regulatory genome architecture and downstream molecular aging processes.
Single-cell transcriptomic analysis has substantially refined this picture. Immune aging involves not
only altered gene expression within a static set of cells, but also shifts in the abundance and state
of specific populations. Sex and aging together affect the immune-cell landscape, including
dendritic cells, monocyte-related programs, and inflammatory gene modules (Huang et al., 2021).
This explains why bulk blood studies often detect strong inflammatory signals: part of the apparent
transcriptomic aging signature reflects compositional remodeling, while another part reflects
genuine intracellular reprogramming. Both processes may be sex-biased.

Sexual dimorphism in immune aging has also been observed at the systems level in peripheral
blood mononuclear cells, where age-related immune change differs between males and females
in ways consistent with divergent inflammatory tone and cellular adaptation (Marquez et al.,
2020). These findings align with the broader clinical observation that women often show more
robust immune activation earlier in life, whereas men may display distinct vulnerabilities to
inflammatory pathology later in the lifespan. However, aging can blur or reshape these differences
rather than simply preserve them.

A high-impact interpretation of these data is that inflammaging should be modeled as a sex-
conditioned network state rather than a universal molecular burden. Hormones, adiposity,
mitochondrial stress, latent infection burden, and hematopoietic remodeling may each contribute
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differently in males and females. DNA methylation may stabilize some of these differences by
altering inflammatory gene accessibility or by marking long-term immune training. In parallel, age-
related loss of adaptive flexibility may render one sex more dependent on innate inflammatory
compensation. This could help explain why transcriptomic studies repeatedly detect sex-biased
enrichment of immune pathways in aging cohorts (Marttila et al., 2013; Pacheco et al., 2022).
The implications are both analytical and clinical. Analytically, studies of aging-related inflammation
should stratify by sex and deconvolute immune composition. Clinically, sex-aware inflammatory
biomarkers may perform better than pooled biomarkers in predicting frailty, neurodegeneration,
or age-related decline. The molecular evidence increasingly supports the view that inflammaging
is not one process but several partially overlapping processes whose relative contribution depends
on sex, age, and tissue.

Results IV: Tissue Specificity, Cellular Context, and the Problem of Pooled Analysis

One of the most persistent obstacles in aging bioinformatics is the assumption that a signature
detected in one tissue can be generalized to all tissues. Large-data studies demonstrate that this
assumption is too simplistic. Although some pathways, particularly inflammation and stress
response, recur across tissues, the direction and magnitude of age-related change are strongly
context-dependent. Sex further modifies this context, meaning that a pooled analysis across
tissues or across sexes can erase biologically meaningful distinctions (Dugo et al., 2016; Gharpure
et al., 2023; Chien et al., 2024).

Lung tissue studies offer a clear example of tissue-specific interaction between age and sex. The
human lung transcriptome is shaped by both variables, implying that respiratory aging cannot be
understood solely by extrapolating from blood-based data (Dugo et al., 2016). In muscle, sex-
specific transcriptomic remodeling with age suggests distinct modes of structural adaptation,
metabolic decline, and inflammatory response (Gharpure et al., 2023). These observations matter
because tissue-level dysfunction in aging often emerges from local regulatory imbalance rather
than from a generic whole-body program.

The brain presents an even more complex case. Neural aging involves changes in chromatin state,
cell-type composition, synaptic regulation, immune surveillance, and metabolic support. Single-
cell analysis of human cortical neurons has shown that age and sex exert cell-type-specific effects,
indicating that the aging brain contains multiple parallel trajectories rather than a single
transcriptomic axis (Chien et al., 2024). In such systems, bulk tissue averages can be misleading
because they mix neurons, glia, vascular cells, and infiltrating immune populations. A sex effect
observed in one neural cell class may disappear when averaged across the entire tissue, even
though it remains mechanistically important.

The importance of cell composition also extends to blood. Apparent age-associated upregulation
of inflammatory transcripts may partly reflect increased abundance of particular immune subsets
rather than uniform activation across all leukocytes. Single-cell or computational deconvolution is
therefore not optional; it is necessary for mechanistic interpretation. This is especially true when
comparing males and females, because sex differences in immune-cell proportion can mimic or
mask transcriptional regulation (Huang et al., 2021; Marquez et al., 2020).

Tissue specificity also shapes biological age estimation. RNA- and methylation-based clocks often
show different performance depending on whether they are trained on blood, brain, or multi-
tissue data (Ren and Kuan, 2020; Grodstein et al., 2021). If sex effects differ across tissues, then
pooled clocks may underestimate biologically meaningful divergence. A male-female difference in
blood-based age acceleration may not replicate in brain tissue, and vice versa. This does not
invalidate the biomarker; it reveals that aging is modular.

The major lesson is methodological: investigators should not treat pooled analysis as the neutral
default. Pooled analysis is a choice, and in the context of sex-specific aging it is often a lossy one.
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A biologically faithful design requires explicit tissue annotation, sex stratification, and wherever
possible cell-type resolution. Only then can molecular aging be interpreted as a structured
biological process rather than as a blurred average across incompatible states.

Results V: Molecular Mechanisms Linking Transcriptomic Drift and Epigenetic Change

The relationship between transcriptomic change and epigenetic remodeling lies at the center of
modern aging biology. Aging phenotypes are often described either in terms of differential gene
expression or in terms of methylation clocks, but these layers are not independent. DNA
methylation, chromatin state, and transcription factor occupancy create the regulatory
environment in which age-related transcriptional drift unfolds. Sex likely modifies this environment
at multiple scales, from systemic endocrine signaling to local transcriptional circuitry (Hadad et al.,
2019; Yusipov et al.,, 2020; lannuzzi et al., 2023).

One mechanistic model proposes that sex-specific epigenetic architecture establishes differential
thresholds for gene activation. In this view, men and women may possess similar core pathways
relevant to aging, such as innate immune signaling, mitochondrial stress responses, extracellular
matrix remodeling, and proteostasis, but differ in how readily those pathways are engaged or
silenced over time. Widespread autosomal methylation differences between sexes support the
plausibility of such threshold effects (Singmann et al., 2015; Grant et al., 2022). Rather than
determining a single outcome, these differences shape the regulatory landscape within which
aging stimuli act.

A second mechanism involves developmental priming. Early-life methylation patterns have been
associated with later-life transcriptomic aging signatures, suggesting that aging trajectories are
partly programmed long before clinical aging becomes apparent (Hadad et al., 2019). If these early
programs are sex-biased, then adulthood aging may represent the progressive execution of a
sexually dimorphic regulatory script. This does not imply determinism; environment, disease, and
behavior can modify the trajectory. However, it does imply that sex differences in aging are rooted
not only in adult hormone exposure but also in persistent regulatory architecture.
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Figure 3. Cell-type-specific aging signatures in brain and blood
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Figure 3. Cell-type-specific aging signatures in brain and blood reveal sex-dependent molecular
trajectories.

This figure summarizes the impact of aging and biological sex on cellular composition and pathway
activity across immune and neural cell populations. (A) Comparative single-cell transcriptomic
landscape generated by dimensionality reduction analysis illustrates major cell populations
identified in peripheral blood (monocytes, dendritic cells, T cells, B cells, and natural killer cells)
and cerebral cortex tissue (neurons, astrocytes, oligodendrocytes, microglia, and oligodendrocyte
precursor cells). Distinct clustering demonstrates tissue-specific cellular organization and
highlights the cellular heterogeneity underlying age-related molecular changes. (B) Cell-type
abundance analysis across sex and age strata (young, middle-aged, and old individuals) shows age-
associated shifts in immune and neural populations. Monocytes, dendritic cells, and microglia
display progressive increases with age, whereas astrocyte abundance declines, with differences in
the magnitude of change observed between females and males. (C) Heatmap of pathway activity
scores (Z-scores) demonstrates sex-biased age-related remodeling of major biological processes
across cell types. Inflammatory signaling and antigen-presentation pathways exhibit progressive
activation during aging, particularly in immune-associated populations, whereas pathways related
to synaptic regulation, metabolic support, and chromatin remodeling show age-dependent
reductions, with distinct patterns between sexes. (D) Effect-size analysis of pathway enrichment
highlights sex-specific differences in aging-associated biological programs. Males exhibit stronger
enrichment of inflammatory and immune-surveillance pathways, while females show relatively
preserved neuronal synaptic regulation and astrocyte metabolic-support signatures. Collectively,
these findings support the concept that aging is driven by cell-type-specific molecular remodeling
and that sex acts as a major modifier of immune, neural, and regulatory aging trajectories.

A third mechanism concerns inflammation-chromatin coupling. Chronic inflammatory signaling
can reshape epigenetic state, while chromatin configuration influences the persistence and
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amplitude of inflammatory gene expression. In elderly cohorts, transcriptomic and epigenetic
analyses point to sex-specific manifestations of inflammation-related aging (Nevalainen et al.,
2015). This suggests feedback loops in which sex biases the inflammatory response, inflammation
remodels chromatin, and remodeled chromatin stabilizes further transcriptomic divergence. Such
loops may help explain why some age-associated signatures become more pronounced in late life.
Mitochondrial dysfunction and oxidative stress likely intersect with these processes. Although not
all studies emphasize mitochondria explicitly, multi-tissue transcriptomic models of aging
frequently implicate metabolic and stress-response pathways alongside inflammation (Shokhirev
and Johnson, 2021). Epigenetic remodeling may modulate the transcriptional response to
mitochondrial stress differently in males and females, possibly contributing to divergent rates of
tissue decline, immune adaptation, or cellular senescence.

The conceptual synthesis is therefore one of multilayered regulatory aging. Transcriptomic drift is
not a passive consequence of time. It is an emergent output generated by chromatin context, DNA
methylation, cell-state transitions, and extrinsic inflammatory environment. Sex modifies each of
these layers. Consequently, the most mechanistically informative aging studies are those that
integrate expression and methylation within the same analytical frame and test whether shared
pathways are regulated through different epigenetic routes in males and females.

Results VI: Biological Age Estimation, Clock Behavior, and Sex as a Modifier of Molecular Time
The rise of molecular age estimators has transformed the study of aging by providing quantitative
measures of biological time. Methylation clocks and transcriptomic clocks do not merely correlate
with chronological age; they may also capture aspects of morbidity risk, tissue decline, and
mortality susceptibility. Yet one of the most important emerging questions is whether these clocks
behave similarly in males and females, or whether sex systematically alters their calibration,
interpretation, and clinical usefulness (Fransquet et al., 2019; Ren and Kuan, 2020).

DNA methylation clocks are the most extensively studied. Reviews and meta-analyses indicate that
epigenetic age acceleration is associated with adverse outcomes, supporting the idea that
methylation retains biological information beyond simple aging drift (Fransquet et al., 2019).
However, several human studies suggest that sex differences influence clock behavior. In twins and
other cohorts, the relationship between sex, chronological age, and epigenetic age may vary
depending on age bracket and clock algorithm (Kankaanpaa et al., 2022). Similarly, comparisons of
blood and brain tissue indicate that clock performance is tissue-sensitive and may differ in older
women and men (Grodstein et al., 2021).

These findings have several implications. First, biological age is not a unitary construct. A
methylation clock trained in one population or tissue may capture only part of the aging process
in another. Second, sex can influence either the baseline offset of the clock, the slope of age-
related change, or both. Third, the biological meaning of a sex difference in clock output may vary
depending on whether the clock primarily reflects immune composition, developmental
methylation patterning, inflammatory exposure, or cumulative regulatory instability.

RNA-based clocks extend the concept into the transcriptome. Multi-tissue transcriptional age
predictors show that age can be inferred from expression data, and that performance improves
when tissue context is respected (Ren and Kuan, 2020; Shokhirev and Johnson, 2021). Because
transcriptomic age reflects current regulatory state more directly than methylation age, it may be
especially sensitive to transient inflammation, disease burden, or medication use. This sensitivity
is both a strength and a weakness. It makes RNA clocks potentially responsive to intervention, but
also vulnerable to confounding by compositional shifts and acute physiological changes.
Sex-aware age estimation is therefore essential. A clock that ignores sex may still predict age
accurately in pooled data, yet fail mechanistically by conflating sex-specific pathways. If one sex
exhibits stronger inflammatory transcription while the other shows different metabolic decline,
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both may be assigned similar biological age for different reasons. This reduces interpretability and
may limit clinical transfer.

An ideal future direction is the development of multi-omic, sex-stratified clocks trained across age
groups and tissues. Such clocks should incorporate DNA methylation, gene expression, and cell-
composition features, while explicitly testing whether male and female trajectories share the same
predictive architecture. In this model, sex is not a demographic label but a biological parameter
shaping molecular time itself.

Discussion

The accumulated evidence from transcriptomic, methylomic, and single-cell studies strongly
supports the conclusion that human aging is sex-dimorphic at multiple molecular levels. This
dimorphism is not superficial. It extends from whole-blood immune signatures to tissue-specific
expression patterns, from autosomal methylation landscapes to biological age estimation, and
from bulk tissue averages to cell-type-specific regulatory states. The major contribution of modern
bioinformatics is not simply that it has catalogued these differences, but that it has revealed a
layered architecture in which sex interacts with age, tissue context, and cellular composition to
generate distinct aging trajectories (Hagg and Jylhdva, 2021; Huang et al., 2021; Shokhirev and
Johnson, 2021).

A coherent mechanistic framework can now be proposed. In early life and adulthood, sex-
associated epigenetic patterning establishes partially distinct regulatory baselines in males and
females. These baselines affect chromatin organization, methylation state, and transcriptional
responsiveness. Over time, environmental exposures, metabolic stress, and inflammatory signaling
act upon this architecture. Aging then manifests as a combination of transcriptional drift, immune
remodeling, and epigenetic reconfiguration, but the path taken depends on the initial regulatory
context. Because this context differs by sex, age-related molecular changes diverge. In some tissues
or pathways, females may preserve resilience longer; in others, males may show a different
trajectory of compensation or decline. The endpoint is not a single aging program but a family of
related programs filtered through sex.

This interpretation explains why inflammaging is so consistently observed yet so variable in detail.
Inflammatory activation is a common aging feature, but the relevant cell types, upstream drivers,
and downstream consequences differ between males and females. Similarly, epigenetic age
acceleration may predict adverse outcomes in both sexes, yet reflect different regulatory burdens.
A clock value is therefore biologically incomplete without sex-specific context.

The analytical consequences are substantial. Many historical studies adjusted for sex rather than
interrogating it. While this may reduce statistical noise in pooled models, it obscures precisely the
biology that now appears most informative. A sex-aware analysis should no longer be considered
optional in large aging datasets. It is especially critical when the research question involves
inflammation, frailty, neurodegeneration, muscle decline, or survival. Age group separation is
equally important because sex differences may change across the life course. Young adulthood,
middle age, and old age are not interchangeable states, and biological transitions occurring
between them may differ between men and women.

Single-cell and spatial technologies are likely to reshape this field further. Bulk omics established
the existence of sex-divergent aging, but single-cell approaches identify which cell populations
actually drive it. Neural, immune, and stromal compartments may each contribute differently. This
will allow a transition from correlation to mechanism by revealing whether the dominant effect is
compositional shift, cell-intrinsic rewiring, or both.

The translational implications are broad. Biomarkers of biological age, frailty, inflammatory burden,
and tissue decline may perform better when trained separately in males and females. Interventions
targeting immune aging or epigenetic dysregulation may also require sex-specific calibration. A
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high-impact future for aging bioinformatics therefore depends on treating sex as a core dimension
of biological organization and not as a background characteristic.

Limitations and Future Directions

This article is an integrative synthesis rather than a report of a single newly generated cohort, and
that distinction matters. The literature reviewed here varies in tissue source, age range, sample
processing, statistical design, and clinical composition. Some studies emphasize blood and immune
biology, whereas others focus on lung, brain, muscle, or frailty-associated states. This
heterogeneity is scientifically useful because it reveals recurring principles across contexts, but it
also limits direct one-to-one comparison. A major future need is harmonized multi-cohort analysis
using consistent sex-stratified and age-stratified pipelines.

Another limitation is that sex, as handled in many aging studies, often reflects recorded biological
sex rather than a full multidimensional characterization of endocrine state, reproductive stage,
chromosome complement, or gendered environmental exposure. Menopause, androgen decline,
hormone therapy, body composition, and immune history may each alter molecular aging
independently of binary sex labels. Future datasets should capture these variables systematically,
particularly in middle age, where major endocrine transitions may reshape transcriptomic and
epigenetic trajectories.

The field also requires more longitudinal data. Cross-sectional studies are informative, but they
cannot fully distinguish stable between-person differences from true within-person aging change.
Longitudinal multi-omic studies with repeated sampling would allow direct modeling of trajectory
shape, rate of molecular change, and clock acceleration over time in males and females. Such
studies should incorporate transcriptomics, DNA methylation, proteomic or metabolomic context,
and cell-type deconvolution.

A further priority is explicit mechanistic integration. Many datasets report differential expression
and differential methylation separately, but relatively few construct causal or regulatory models
linking the two. High-impact future work should integrate methylation-expression coupling,
transcription factor analysis, chromatin accessibility, and cell-state transitions. This would identify
which sex-specific methylation patterns are most likely to drive downstream gene-expression
change, rather than merely co-occur with it.

Finally, translation to clinical practice will require better biomarker validation. Age clocks and
inflammatory signatures must be evaluated not only for chronological prediction but also for their
ability to predict frailty, cognitive decline, multimorbidity, and survival in a sex-aware manner. A
biomarker that performs well in pooled cohorts may conceal systematic underperformance in one
sex. The next generation of aging bioinformatics should therefore be precision-oriented,
longitudinal, mechanistic, and explicitly stratified by sex and age.

Conclusion

Large-scale bioinformatic analyses now make it clear that human aging cannot be understood
adequately without separate evaluation of males and females across the lifespan. Transcriptomic
drift, inflammaging, DNA methylation remodeling, tissue vulnerability, and biological age
acceleration all show sex-dependent behavior. These differences are further shaped by age group,
tissue context, and cell composition. The most defensible interpretation is that aging is a sex-
conditioned systems process in which regulatory architecture, immune remodeling, and epigenetic
state interact dynamically over time. High-impact future research should therefore integrate
transcriptomic and epigenetic data, apply sex-stratified and age-stratified modeling, and prioritize
single-cell resolution wherever possible. Such a framework will not only refine the biology of aging,
but also improve biomarker development and translational strategies for age-related disease.
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Abstract

The rapid advancement of artificial intelligence (Al) technologies has transformed
educational practices and created new opportunities for enhancing scientific literacy among
secondary school students. In biology education, Al tools provide personalized learning
experiences, adaptive feedback, and interactive environments that facilitate the understanding of
complex biological concepts. One of the emerging areas of biological science is microbiome
research, which has become increasingly important due to its role in human health and disease
prevention. Despite its significance, microbiome-related content remains insufficiently
represented in secondary school curricula. Furthermore, limited research has explored how Al
technologies can support the development of microbiome literacy and health literacy among
school students. This study proposes a quasi-experimental research design aimed at investigating
the effectiveness of Al-supported biology instruction in developing microbiome literacy and health
literacy among Grade 11 students. The proposed intervention integrates generative Al tools,
adaptive learning systems, and microbiome simulations into biology lessons. Data will be collected
through pre-tests, post-tests, questionnaires, and interviews. The study is expected to contribute
to educational innovation by providing evidence-based recommendations for integrating Al
technologies into biology education and promoting students’ scientific and health-related
competencies.

Keywords: Artificial Intelligence, Biology Education, Microbiome Literacy, Health Literacy,
Secondary Education, Digital Learning, Grade 11 Students.

1. Introduction

Artificial intelligence (Al) is increasingly influencing educational systems worldwide. Al-
powered tools support personalized learning, adaptive assessment, and student-centered
instruction. Modern biology education requires innovative teaching methods capable of explaining
complex scientific concepts while simultaneously developing students’ critical thinking and digital
competencies.

One of the most rapidly developing areas of biological science is microbiome research. The
human microbiome consists of diverse microbial communities that influence digestion, immunity,
metabolism, and overall health. Recent scientific discoveries have demonstrated that microbial
diversity is closely linked to disease prevention and health promotion. Consequently, microbiome
literacy is becoming an important component of scientific and health education.

However, microbiome-related concepts are rarely addressed in depth within secondary
school biology curricula. Many students continue to associate microorganisms exclusively with
disease and possess limited awareness of beneficial microbial functions. This educational gap
highlights the need for innovative instructional approaches that improve students’ understanding
of microbiome-health relationships.
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Health literacy refers to an individual's ability to access, understand, evaluate, and apply
health-related information. Developing health literacy during adolescence is particularly
important because students begin making independent decisions related to nutrition, hygiene,
and lifestyle choices. Integrating microbiome education into biology instruction may therefore
contribute to improved health awareness and informed decision-making.

Artificial intelligence technologies offer promising opportunities for addressing these
educational challenges. Al-powered systems can provide personalized explanations, interactive
simulations, and immediate feedback that facilitate meaningful learning experiences. Despite
growing interest in Al-supported education, limited research has examined its role in developing
microbiome literacy and health literacy among secondary school students.

The purpose of this study is to investigate the effectiveness of artificial intelligence
technologies in enhancing microbiome literacy and health literacy among Grade 11 students in
biology education.

Research Questions

How does Al-supported biology instruction influence microbiome literacy among Grade 11
students?

To what extent does Al-assisted learning improve students’ health literacy?

What are students’ perceptions of Al technologies in biology education?

Research Hypotheses

H1: Students receiving Al-supported instruction will demonstrate significantly higher
microbiome literacy than students receiving traditional instruction.

H2: Students exposed to Al-supported learning will demonstrate higher levels of health
literacy.

H3: Students will report positive perceptions regarding the use of Al technologies in biology
education.

2. Literature Review

2.1 Artificial Intelligence in Biology Education

Al technologies have become increasingly important in science education. Research
demonstrates that Al-supported learning environments improve engagement, motivation, and
academic achievement. Adaptive learning systems personalize instruction according to students’
needs, while generative Al applications facilitate inquiry-based learning and scientific exploration.

In biology education, Al tools enable students to visualize complex processes, analyze
scientific information, and engage with interactive simulations. These capabilities are particularly
valuable when teaching emerging scientific topics that require conceptual understanding rather
than memorization.

2.2 Microbiome Literacy

The human microbiome consists of trillions of microorganisms that inhabit the body and
contribute to physiological functions. Scientific research has linked microbiome diversity to
immune function, metabolism, and disease prevention.

Microbiome literacy refers to understanding microbial ecosystems and their relationships
with human health. Despite the growing significance of microbiome science, many students
possess misconceptions regarding microorganisms and often fail to recognize their beneficial
roles.

Integrating microbiome education into secondary school biology curricula may enhance
scientific literacy and promote health awareness.

2.3 Health Literacy

Health literacy involves the ability to access, understand, evaluate, and apply health-
related information. Educational institutions play a critical role in developing these competencies.
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Students with higher health literacy levels are more likely to engage in healthy behaviors
and make informed health decisions. Microbiome education may contribute to health literacy by
helping students understand relationships among nutrition, lifestyle, microbial diversity, and
overall well-being.

2.4 Research Gap

Although numerous studies have examined Al applications in education and health literacy
development, limited research has explored Al-supported microbiome education among
secondary school students. Existing studies primarily focus on higher education or medical
training. Therefore, further investigation is needed to determine how Al technologies can support
microbiome literacy and health literacy development in school biology education.

3. Methodology

3.1 Research Design

This study employs a quasi-experimental research design using a pre-test—post-test
control group model.

The design was selected because it allows comparison of learning outcomes between
students receiving Al-supported instruction and those receiving traditional instruction.

The study will involve:

. Experimental Group

. Control Group

Both groups will complete pre-tests and post-tests measuring microbiome literacy and
health literacy.

Research Design Structure

Group Pre- Intervention Post-
test test
Experimental 01 Al- 02
supported learning
Control 01 Traditional 02
instruction

3.2 Participants

The study will be conducted among Grade 11 students enrolled in secondary schools.
Sample Size

Approximately 60—-80 students will participate.

Group Distribution

Experimental Group:

o 30-40 students
Control Group:
o 30-40 students

Inclusion Criteria
Participants must:

. Be enrolled in Grade 11 Biology.
o Provide informed consent.
o Attend at least 80% of instructional sessions.

3.3 Educational Intervention

The intervention will last six weeks.

Students in the experimental group will learn microbiome-related topics through Al-
supported activities integrated into biology lessons.
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Topics Covered

Week 1:

Introduction to Microorganisms and the Human Microbiome

Week 2:

Microbiome Diversity and Ecosystem Functions

Week 3:

Gut Microbiota and Digestion

Week 4:

Microbiome and Immune System Regulation

Week 5:

Nutrition, Lifestyle, and Microbial Health

Week 6:

Microbiome and Disease Prevention

Al Tools Used

1. Al-generated quizzes

2. Interactive microbiome simulations

3. Al-powered visualizations

4. Adaptive learning platforms

Students in the control group will study identical content using traditional teaching
methods, including lectures, textbooks, and classroom discussions.

3.4 Research Instruments
1. Microbiome Literacy Test
A researcher-developed assessment consisting of:

. 20 multiple-choice questions

o 5 short-answer questions

The instrument will measure:

. Knowledge of microbiome concepts

. Understanding of microbial functions

. Awareness of microbiome-health interactions

2. Health Literacy Questionnaire
The questionnaire will assess students’ ability to:

D Access health information

. Understand health information
. Evaluate health information

. Apply health information

The questionnaire will contain 20 Likert-scale items.

3. Student Perception Survey

A survey will measure attitudes toward Al-supported learning.
Dimensions include:

. Perceived usefulness
. Ease of use

o Engagement

o Motivation

4. Semi-Structured Interviews

Interviews will be conducted with selected students after the intervention.
Sample interview questions:

. How did Al technologies influence your learning?

. Which Al tools were most useful?
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. How has your understanding of microbiome-health relationships changed?

3.5 Data Collection Procedure
Phase 1: Preparation

. Obtain ethical approval.
. Develop instructional materials.
. Pilot test research instruments.

Phase 2: Pre-testing

Both groups complete:

. Microbiome Literacy Test

. Health Literacy Questionnaire
Phase 3: Intervention

Six-week instructional program.
Phase 4: Post-testing

Both groups complete:

. Microbiome Literacy Test
. Health Literacy Questionnaire
. Student Perception Survey

Phase 5: Interviews
Qualitative data collection from selected participants.

3.6 Data Analysis
Quantitative data will be analyzed using SPSS software.
Descriptive Statistics

o Mean

. Standard deviation
o Frequency

o Percentage

Inferential Statistics
Independent Samples t-test
Used to compare:

o Experimental group
. Control group
Paired Samples t-test

Used to compare:

. Pre-test scores
. Post-test scores
Effect Size

Cohen’s d will be calculated to determine practical significance.
Qualitative Analysis

Interview data will be analyzed using thematic analysis.

The analysis process includes:

1. Transcription

2 Coding

3. Theme development
4 Interpretation

3.7 Ethical Considerations
The study will follow established ethical standards for educational research.
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Key ethical principles include:

o Voluntary participation
. Informed consent

. Confidentiality

o Anonymity

. Right to withdraw

Parents and students will receive information regarding the purpose of the study and
data collection procedures before participation.

4. Expected Results and Discussion

The study is expected to demonstrate that Al-supported biology instruction enhances
microbiome literacy and health literacy among Grade 11 students. Students in the experimental
group are expected to achieve higher post-test scores and report greater engagement compared
to the control group.

Al technologies may facilitate learning by providing personalized explanations, interactive
experiences, and immediate feedback. These features align with constructivist learning principles
and may support deeper conceptual understanding of microbiome-related topics.

Improved health literacy is also anticipated because students will explore relationships
between lifestyle factors and microbial health. Such understanding may contribute to healthier

decision-making and greater awareness of disease prevention strategies.
The anticipated findings may support the integration of Al technologies into biology
education and highlight the educational value of microbiome-related content.

5. Conclusion

Artificial intelligence technologies offer significant opportunities for enhancing biology
education and promoting health-related competencies. This study proposes an Al-supported
instructional model designed to improve microbiome literacy and health literacy among Grade 11
students.

The proposed research contributes to educational innovation by integrating emerging
biological content with advanced digital technologies. If successful, the intervention may provide
valuable recommendations for curriculum development, teacher training, and the
implementation of Al-supported learning environments in secondary education.
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Abstract
This article examines the interrelationship between emergency medical response systems and
media communication during crisis situations, drawing on observations and professional
experiences acquired through the 2025 International Visitor Leadership Program (IVLP) in the
United States. The study is based on visits to healthcare institutions, emergency management
agencies, and media organizations in Washington, D.C., Baltimore, Los Angeles, and Maine,
providing insights into an integrated, multi-sectoral approach to crisis management.
Particular attention is devoted to the 2023 Lewiston mass shooting in Maine, which serves as a
case study of effective coordination among healthcare providers, emergency response services,
and communication networks. The analysis highlights the importance of pre-established
emergency protocols, functional distribution of responsibilities among medical institutions, and
strategic management of critical resources, particularly blood supplies, in ensuring an efficient
response to mass-casualty incidents.
The study further explores the role of media as an essential component of emergency
management. Beyond its traditional informational function, media serves as a mechanism for
public mobilization, trust-building, and behavioral guidance during crises. The Lewiston case
demonstrates how coordinated and accurate media communication facilitated the timely
mobilization of blood donors, reduced public uncertainty, and supported effective resource
allocation.
The findings suggest that successful emergency management depends on the integration of
healthcare systems, emergency services, and media institutions within a coordinated
communication framework. The U.S. experience, particularly the model observed in Maine,
illustrates how strategic communication can enhance clinical effectiveness and public resilience.
These findings offer valuable implications for countries such as Georgia, where the development
of crisis communication strategies and emergency medical response systems remains an
important policy and public health priority.
Keywords: Crisis Communication; Emergency Medical Response; Media and Public Health;
Disaster Management; Mass Casualty Incidents.

Research Methodology

The present study employs a mixed-methods approach combining qualitative and quantitative
research methods. This methodological framework enables a comprehensive examination of the
relationship between healthcare systems and media institutions in emergency situations and
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supports the argument that effective crisis management requires strong coordination between
these sectors.

Empirical Observation and Case Analysis

The study draws on professional observations and experiences acquired during the 2025
International Visitor Leadership Program (IVLP) in the United States, including visits to healthcare
and emergency management institutions in Maine, Baltimore, and Los Angeles. Particular
attention is given to the emergency response model implemented in Lewiston, Maine, following
the 2023 mass shooting incident. This case serves as an example of coordinated interaction among
healthcare providers, emergency services, and communication networks during a large-scale
crisis.

Quantitative Research

The study also incorporates findings from a survey conducted by the author as part of doctoral
research. The survey included 501 respondents who evaluated the role of media during various
emergency situations, including the COVID-19 pandemic. The quantitative data provide insights
into public perceptions of media effectiveness in crisis communication and emergency
management.

Descriptive Analysis

A descriptive analytical approach was applied to examine the dynamics of media communication
during emergencies and its influence on public behavior, decision-making processes, and public
health outcomes.

Theoretical Foundations of the Study

The theoretical basis of the research is grounded in scholarly literature on crisis communication
and public health. Existing studies examine the ways in which media communication influences
public behavior, emotional responses, and decision-making processes during emergencies. Within
this framework, media is viewed not merely as a channel for information dissemination but as an
active component of crisis management and public mobilization.

Theoretical Framework

The theoretical analysis focuses on two key dimensions:

Media Influence During Emergencies

Previous research (e.g., Garfin et al., 2020) demonstrates that media communication can have
both positive and negative effects during crises. Accurate and responsible reporting may reduce
uncertainty, foster public trust, and mitigate panic, whereas misinformation and excessive
exposure may contribute to confusion, anxiety, and informational chaos.

Community Mobilization and Resource Management

The study also examines the role of communication strategies in facilitating community
mobilization during emergencies. Effective communication enables healthcare systems to manage
critical resources, such as blood supplies, by encouraging organized public participation rather
than spontaneous and potentially disruptive responses.

These theoretical perspectives are integrated with the American case study, particularly the
experience of Maine, and further supported by the findings of the author's survey research.
Scientific Novelty

The scientific novelty of the study is reflected in several key contributions:

Multisectoral Perspective on Emergency Response

The research examines emergency management beyond a purely clinical framework by analyzing
the coordinated interaction among healthcare institutions, emergency response services, medical
aviation, and media organizations.

Identification of the Transformative Role of Media
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The study demonstrates that, during emergencies, media functions not only as a transmitter of
information but also as an active mechanism influencing public behavior, strengthening trust,
promoting collective responsibility, and facilitating social mobilization.
Adaptation of International Experience
Drawing on recent crisis management practices observed in the United States, particularly in
Maine, the study proposes recommendations relevant to the development of healthcare
communication systems and emergency preparedness strategies in Georgia.
Relevance of the Study
The relevance of this research is determined by the growing importance of effective
communication in emergency situations, where the rapid dissemination of information can
contribute either to public stability or to social disruption.
Several challenges underscore the significance of the issue:
Lack of Institutional Coordination
Insufficient coordination between healthcare institutions and communication systems often
results in information gaps, inconsistent messaging, and increased public uncertainty during
crises.
Challenges in Resource Mobilization
The effective management of critical resources, including blood and blood components, depends
on the rapid yet organized engagement of the community. Without coordinated communication
strategies, resource mobilization efforts may become inefficient and chaotic.
Local Context and Challenges
In Georgia, institutional communication mechanisms and media practices continue to face
challenges during emergency situations. Therefore, studying successful international models and
developing preventive cooperation frameworks between healthcare and media institutions
represent important priorities for strengthening national crisis preparedness and response
capacity.

Introduction
Emergency situations represent a significant challenge for contemporary societies, particularly
when human life and health are at risk. Effective crisis management depends not only on the rapid
delivery of medical services but also on efficient communication and timely dissemination of
accurate information. Previous studies indicate that crisis communication significantly influences
public behavior, reduces panic, and facilitates resource mobilization. In this context, the media
serves as a critical instrument for both information dissemination and public engagement?.
International Experience: Observations within the IVLP Program
This study draws upon observations conducted during the 2025 International Visitor Leadership
Program (IVLP) in the United States. Professional visits to Washington, Baltimore, Los Angeles, and
Maine provided insights into emergency preparedness and healthcare management practices.
The observations identified several key components of effective crisis response: interagency
coordination, efficient blood supply management, rapid resource allocation, and strategic media
communication. Despite regional differences, successful emergency management consistently
relied on pre-established protocols, institutional coordination, and effective communication
mechanisms.?

! Matthew Seeger, "Best Practices in Risk and Crisis Communication," Journal of Risk Research 9, no. 6
(2006): 601-610; Barbara Reynolds and Matthew Seeger, "Crisis and Emergency Risk Communication as an
Integrative Model," Journal of Health Communication 10, no. 1 (2005): 43-55.

2 America’s Blood Centers, "Honoring visiting leaders from Georgia as part of the U.S. Department of
State’s International Visitor Leadership Program," LinkedIn, September 26,
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The Lewiston Mass Shooting: Clinical and Communication Response

The 2023 mass shooting in Lewiston, Maine, provides an illustrative example of an integrated
emergency response system. Regional healthcare institutions, including Maine Central Medical
Center and St. Mary’s Regional Medical Center, coordinated patient triage, stabilization, and
treatment, while medical aviation services ensured rapid transportation of critically injured
patients.

A particularly important aspect of the response was the mobilization of blood donors. Through
coordinated communication based on official information sources, media organizations facilitated
organized public participation and enabled the rapid collection of essential blood supplies. This
case demonstrates the capacity of media communication to transform public concern into
effective collective action.

The media response was characterized by the dissemination of verified information, regular public
briefings, practical guidance, and targeted calls for community engagement. The collaboration
between media organizations and the American Red Cross contributed significantly to resource
management and public coordination during the crisis.

Comparison with the COVID-19 Pandemic

The American emergency response model emphasizes centralized communication and reliance on
official information channels. However, evidence from the COVID-19 pandemic highlights the
challenges associated with crisis communication in prolonged health emergencies.

Data from a survey of 501 respondents conducted as part of the author's doctoral research
revealed substantial public dissatisfaction with media performance during the pandemic. A
majority of respondents perceived media coverage as exaggerated or fear-inducing, while more
than 90% believed that media communication contributed fully or partially to public panic.
Furthermore, a significant proportion of respondents relied on informal sources of information,
increasing the risk of misinformation and reduced trust in official health communication.

These findings contrast sharply with the Lewiston case, where coordinated communication
supported social solidarity and effective resource mobilization. The comparison illustrates that
media communication can either strengthen or undermine public resilience, depending on the
quality, consistency, and credibility of information provided.

Conclusion

The findings demonstrate that effective emergency management requires the integration of
healthcare systems, emergency services, and media institutions within a coordinated
communication framework. The U.S. experience, particularly the Lewiston case, highlights the
importance of multisectoral cooperation, strategic communication, and community mobilization
during crises.

The study further confirms the transformative role of media in emergency situations. Beyond its
informational function, media serves as a mechanism for shaping public behavior, strengthening
trust, and facilitating collective action. Effective communication contributes to the organized
management of critical resources and enhances overall crisis response capacity.

The findings offer practical implications for countries such as Georgia, where strengthening
cooperation between healthcare institutions, emergency services, and media organizations
remains an important priority for improving emergency preparedness and crisis communication.
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