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Economic Sciences

OPTIMIZATION OF FINANCIAL STREAMS IN
CORPORATE LOGISTICS SYSTEMS OF THE
RAILWAY SECTOR: METHODOLOGICAL
PERSPECTIVES

Abdikhaimova Anar
ORCID ID 009-0009-6269-286x

Abstract

The article explores methodological approaches to the optimization of financial streams in
corporate logistics systems within the railway transport sector. Given the capital-intensive and
tariff-regulated nature of railway operations, efficient financial management becomes a decisive
factor for maintaining liquidity and profitability. The study aims to systematize tools and models
that enhance financial coordination and reduce transaction inefficiencies across logistics
networks. The research builds upon the theoretical frameworks of V.I. Sergeev, V.V. Dybska, and
E.l. Zaitsev, complemented by recent international studies on supply chain finance and digital
logistics management.

The methodological foundation integrates budgeting, scenario modeling, correlation
analysis, and digital predictive tools that link operational and financial indicators. Results indicate
that data-driven optimization and ERP integration substantially improve financial turnover,
shorten payment cycles, and mitigate liquidity risks. The findings contribute to the refinement of
methodological perspectives in financial logistics and support the transition of railway enterprises
toward analytical, risk-oriented, and sustainable models of financial management.

Keywords: financial stream optimization; corporate logistics; railway transport; financial
modeling; ERP systems; predictive analytics; supply chain finance; digital transformation; liquidity
management

The optimization of financial streams has become one of the key challenges for corporate
logistics systems in the railway transport sector. The complexity and capital intensity of freight
operations, coupled with regulatory constraints and fluctuating tariffs, demand a precise
methodological framework for effective financial management. Railway logistics companies face
the need to coordinate large-scale cash movements associated with transportation services,
leasing agreements, repair and maintenance costs, and payments to infrastructure operators. The
growing integration of logistics and financial subsystems transforms the traditional concept of cost
accounting into a strategic process aimed at maximizing efficiency and liquidity (Sergeev, 2021).

In Russia, railway logistics enterprises operate under conditions of high capital turnover
and long-term investment cycles. The introduction of digital financial tools, electronic document
management, and predictive analytics has expanded the methodological possibilities for
improving financial flow coordination. However, empirical studies reveal that many operators still
rely on fragmented budgeting systems and lack integrated approaches to monitoring liquidity and
profitability (Dybska et al., 2020). The problem is further aggravated by the mismatch between
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the timing of cargo shipments and the receipt of payments, which often leads to temporary cash
deficits and unbalanced working capital.

The methodological aspect of optimization focuses on the systematic use of quantitative
and analytical instruments capable of linking operational parameters—such as freight volume,
route utilization, and tariff structures—with financial indicators including turnover, profitability,
and solvency. Advanced optimization models employ scenario planning, variance analysis, and
correlation-based diagnostics to identify inefficiencies in cost allocation and predict liquidity risks
(Zaitsev & Sterligova, 2022). Moreover, the integration of ERP systems and big data platforms
allows for real-time monitoring of cash inflows and outflows, improving decision-making accuracy
and reducing transaction delays.

The purpose of this study is to examine methodological perspectives and analytical tools
that support the optimization of financial streams in corporate railway logistics systems. The
research aims to identify modern mechanisms that improve the synchronization of financial and
material flows, contributing to the overall competitiveness of the railway transport sector. The
article also discusses how digital transformation reshapes financial management practices, turning
them from reactive accounting functions into proactive systems of analytical control and strategic
forecasting.

The methodological foundations of financial stream optimization in logistics originate from
the systems approach, which considers all flows—material, informational, and financial—as
interconnected subsystems within a unified corporate structure. According to Sergeev (2021), the
essence of optimization lies in maintaining dynamic equilibrium between inflows and outflows of
financial resources, ensuring continuous solvency and minimizing idle capital. Financial flows,
therefore, serve not only as a reflection of economic activity but as an active instrument of
strategic control over logistics operations.

Dybska et al. (2020) emphasize that the methodological essence of logistics finance is
based on the principle of integrated resource management, where financial and operational
decisions are made simultaneously rather than sequentially. This integration allows for balancing
transport schedules, payment settlements, and capital investments within a single budgeting
framework. In this context, optimization implies the transformation of financial management from
a reactive administrative process into a predictive and analytical function supported by
guantitative modeling and digital control.

The theoretical literature identifies several core paradigms of optimization. The first is the
cost minimization paradigm, which focuses on reducing logistics costs through efficient allocation
of financial resources. The second is the profitability maximization paradigm, which seeks to
enhance the financial returns of logistics operations by optimizing the structure of cash inflows
and outflows. The third is the resilience paradigm, which prioritizes stability and risk mitigation
under uncertainty (Zaitsev & Sterligova, 2022). These paradigms correspond to the broader theory
of financial equilibrium, where each decision is evaluated in terms of both efficiency and
sustainability.

International research extends these concepts through the lens of supply chain finance
(SCF), emphasizing the synchronization of payments, credits, and settlements among all
participants of the logistics network (Lambert & Cooper, 2020; UNCTAD, 2023). SCF frameworks
integrate financing instruments such as factoring, reverse factoring, and dynamic discounting,
enabling liquidity optimization across the entire supply chain rather than within a single firm. The
adoption of these models in railway logistics has demonstrated their potential to reduce working
capital requirements and improve financial transparency.

Furthermore, the theory of digital logistics (Christopher, 2021; World Bank, 2023)
introduces data-driven optimization models that rely on predictive analytics, artificial intelligence,
and real-time monitoring of financial transactions. These methods expand traditional optimization
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approaches by introducing continuous feedback loops, allowing companies to simulate multiple
scenarios and adjust financial decisions dynamically. The digital paradigm thus redefines financial
flow management as a living, adaptive process rather than a static set of control procedures.

In summary, the theoretical framework combines classical logistics principles with modern
financial analytics. Optimization in this sense is both a methodological and technological process
— it integrates economic modeling, digital systems, and managerial decision-making aimed at
maximizing liquidity, profitability, and long-term resilience within railway corporate logistics
systems.

Methodological optimization of financial streams in corporate railway logistics systems
relies on a combination of classical financial management tools and modern data-driven
approaches. Traditional techniques, such as financial planning, cost budgeting, and variance
analysis, remain essential for structuring resource allocation and ensuring compliance with
financial stability standards. However, the growing complexity of logistics networks requires
integrating these instruments with digital technologies that enhance transparency, speed, and
analytical precision (Sergeev, 2021).

Financial optimization begins with constructing models that reflect the interdependence
between operational and financial parameters. Quantitative instruments such as correlation
analysis and scenario modeling are applied to identify the sensitivity of key variables — including
transportation volume, tariff structure, and payment turnover — to changes in liquidity and
profitability indicators. These analytical methods allow researchers to model the dynamics of
financial streams under varying economic conditions and develop adaptive control mechanisms
(Dybska et al., 2020).

In addition, financial performance metrics serve as the backbone of quantitative
evaluation. The Cash Conversion Cycle (CCC) measures the average number of days required to
convert resource investments into cash inflows; the Return on Invested Capital (ROIC) assesses
the profitability of financial allocations; while the Financial Flow Index (FFl) provides a synthetic
indicator reflecting the efficiency of cash turnover within logistics systems. The integration of
these indicators within digital dashboards supports real-time monitoring and enhances managerial
responsiveness.

Modern optimization further employs Enterprise Resource Planning (ERP) and Business
Intelligence (BI) platforms that automate budgeting, forecasting, and reporting. These systems
ensure data consistency and reduce manual errors, while predictive analytics modules enable
early detection of liquidity gaps and cost overruns. The convergence of financial and operational
data within ERP environments strengthens the methodological rigor of financial decision-making
and fosters risk-based planning (World Bank, 2023).
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Table 1. Comparative Overview of Financial Optimization Tools in Corporate Railway

Logistics

Method / Tool | Type Purpose Analytical Basis | Expected Effect
Financial Traditional Structuring Forecasting, Liquidity
Planning & revenues and | cost allocation balance,
Budgeting expenditures spending control
Variance and | Quantitative Identifying key | Statistical Detection of
Correlation Analytical drivers of financial | modeling optimization
Analysis inefficiency reserves
Scenario Simulation- Predicting impact of | Sensitivity Improved
Modeling based market and tariff | analysis strategic
(What-if) fluctuations resilience
ERP &  BI| Digital Automating Data analytics, | Real-time
Systems Analytical financial reporting | predictive financial visibility
Integration and monitoring modeling
Predictive Cash | Al-based Anticipating Machine Risk  reduction,
Flow Analytics | Optimization | liquidity gaps and | learning, decision

cost overruns regression accuracy

models

ESG-linked Sustainable Evaluating long- | ESG Enhanced
Financial Finance Tool |term sustainability | performance investment
Assessment of financial flows metrics attractiveness

Source: compiled by the author based on Sergeev (2021), Dybska et al. (2020), Zaitsev &
Sterligova (2022), and World Bank (2023)

The methodological system summarized in Table 1 demonstrates the evolution from static
accounting models toward integrated, adaptive frameworks that combine predictive analytics

with sustainability-oriented evaluation. Each of the listed instruments complements the others,

forming a multi-layered optimization environment in which financial flows are continuously
monitored, analyzed, and refined in line with the operational objectives of the railway logistics

enterprise.

The optimization of financial streams in railway logistics is based on the premise that
financial, material, and informational flows form a single self-regulating system. Within this
system, each flow performs a dual function: operational — ensuring the continuity of

transportation and settlements; and strategic — influencing investment decisions and long-term

efficiency. The analysis of Russian corporate railway logistics enterprises demonstrates that the

lack of integration between operational planning and financial monitoring remains one of the main

sources of inefficiency.

By applying the methodological framework described earlier, the optimization process can

be presented as a three-level system:
1. Operational optimization, focused on improving the liquidity of daily settlements
and cost control;
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2. Tactical optimization, aimed at balancing cash inflows and outflows through budget
harmonization across departments;
3. Strategic optimization, directed toward sustainable profitability through

investment evaluation and digital forecasting tools.

A key finding of the study is that optimization efficiency grows non-linearly once digital
systems and predictive analytics are integrated into financial management. Traditional manual
budgeting and post-factum cost analysis create time lags and distortions that slow down decision-
making. Conversely, the introduction of ERP-based financial dashboards and real-time data
synchronization leads to a measurable reduction in the cash conversion cycle (CCC) by an average
of 18-20 % (Logistics Union of Russia, 2023).

4.2. Table 2 — Key Optimization Indicators and Their Dynamics (2018-2023)

Indicator Unit | 201 | 202 | 202 | Change (%) | Interpretation

8 0 3
Cash Conversion | Days | 72 |63 |58 |-19 Faster recovery of invested
Cycle (CCC) funds
Return on Invested | % 6.8 [7.5 |84 |+24 Improved profitability of
Capital (ROIC) financial resources
Financial Flow Index [ Rati [0.78 | 0.85]0.92 | +18 Increased efficiency of
(FFI)* 0 financial turnover
Liquidity =~ Coverage | % 120 | 132 | 145 | +21 Stronger ability to meet
Ratio (LCR) short-term obligations
Operating Cost | % — — -12 | — Lower unit costs due to
Reduction automation
FFI = Cash Inflow / (Operating + Investment Outflows);
Source: compiled by the author based on Logistics Union of Russia (2023) and World Bank
(2023)

The results in Table 2 confirm that systematic optimization of financial flows yields stable
guantitative effects. Between 2018 and 2023, the average CCC in the Russian railway logistics
sector decreased by 14 days, mainly due to improved synchronization between payments and
cargo dispatch schedules. At the same time, the ROIC indicator increased by 1.6 percentage points,
reflecting enhanced utilization of invested capital. The FFl values approaching 1.0 indicate that the
majority of funds circulating in the system are efficiently converted into revenues rather than
being immobilized in accounts receivable or inventory.

The rise in the Liquidity Coverage Ratio illustrates the growing ability of enterprises to
maintain stable operations despite tariff volatility and external market shocks. The cumulative
effect of these improvements translates into an estimated 12 % reduction in operational costs,
which supports long-term competitiveness and investment attractiveness of the sector (OECD,
2022).
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Figure 1. Impact of Digitalization on Financial Flow Efficiency in Railway Logistics (2018—
2023)
(Source: compiled by the author based on OECD and World Bank data.)

The graph visualizes a strong positive correlation (r = 0.82) between the degree of
digitalization (measured by ERP adoption and automated settlement rate) and the efficiency of
financial flows. In 2018, when only 35 % of companies employed integrated financial systems, the
average efficiency index stood at 0.76. By 2023, with over 70 % of companies implementing
predictive analytics and digital budgeting, the efficiency index rose to 0.93.

The steepest growth occurred between 2020 and 2022, coinciding with the post-pandemic
digital acceleration and transition to electronic document flow mandated by Russian Railways
(RZD). The analysis demonstrates that each 10 % increase in digitalization corresponds to
approximately a 4 % growth in financial efficiency. This confirms the hypothesis that optimization
effectiveness depends not only on methodological rigor but also on technological maturity.

The observed dynamics reveal several long-term trends shaping financial optimization in
the railway logistics sector:

1. Integration of predictive and prescriptive analytics.

2. Optimization is shifting from reactive control toward anticipatory decision-making

supported by machine-learning algorithms capable of forecasting tariff adjustments,

demand fluctuations, and payment delays.

3. Transition from departmental budgeting to cross-functional coordination.

4, Modern logistics enterprises unify financial data across procurement, operations,

and sales departments, creating holistic financial ecosystems that eliminate duplication

and enhance accountability.

5. Sustainability-driven financial management.

6. ESG metrics are gradually incorporated into financial performance evaluation,

influencing credit access and investment prioritization. Companies adopting sustainable

finance instruments (e.g., green bonds) report higher liquidity and investor trust (UNCTAD,

2023).
7. Human-digital synergy in decision-making.
8. While automation reduces manual errors, human expertise remains vital for

interpreting complex scenarios and adjusting optimization parameters under uncertainty.

The emerging methodological consensus stresses hybrid models combining algorithmic

analysis with managerial judgment.

Collectively, these findings highlight that optimization in financial logistics is evolving
toward a cyber-physical financial ecosystem — a digital environment where every financial
transaction is part of a continuously self-adjusting system that links cash flows to operational and
environmental performance.
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The conducted study systematized methodological approaches to the optimization of
financial streams in corporate logistics systems of the railway transport sector. The results
demonstrate that the integration of analytical, quantitative, and digital instruments significantly
enhances the efficiency and transparency of financial management. Railway logistics enterprises
increasingly view financial optimization not merely as a set of accounting procedures but as a
strategic process ensuring liquidity, profitability, and sustainable growth.

The key findings confirm that optimization effectiveness depends on three interrelated
factors: the methodological rigor of planning and monitoring systems, the digital maturity of
financial infrastructure, and the degree of integration between operational and financial decision-
making. Quantitative analysis of sectoral indicators revealed that the implementation of ERP
platforms, predictive analytics, and scenario modeling leads to measurable improvements — the
cash conversion cycle shortens by up to 20 %, while the Financial Flow Index approaches unity,
indicating near-complete utilization of available liquidity.

Moreover, digital transformation fundamentally alters the methodological paradigm of
financial logistics. The shift from static to adaptive financial control allows enterprises to anticipate
risks, reallocate resources in real time, and maintain competitiveness in fluctuating tariff
environments. The incorporation of sustainability metrics and ESG-linked finance instruments
further extends optimization beyond efficiency, aligning it with long-term resilience and
stakeholder value creation.

Future research should focus on developing comprehensive econometric models to
quantify the impact of digital and sustainability-driven optimization tools on enterprise
performance. Cross-sectoral comparative studies and integration of machine learning methods
will provide deeper insights into predictive financial management and the evolution of corporate
logistics systems in the era of digital transformation.
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BIVMAHUE BAHKOB BTOPOIO YPOBHA HA
MAJTbI M CPEAHWNI BEM3HEC B
KA3AXCTAHE

CMATY/IOB A.M.

MarucTpaHT 2 kypca, ObpasosaTenbHas nporpamma «duHaHcbl» (7M04114),
YHusepcuteT "TypaH-AcTaHa", r.ActaHa, Pecnybanka KasaxctaH

HayuyHbI pyKOBOAUTEND:

CEPMKBAEBA B.M.

K.3.H., AOLUEHT Kadeapbl «brU3Hec aaMUHUCTPUpPOBaHMEY, YHMBepcHTeT "TypaH-AcTaHa",
r.ActaHa, Pecnybanka KasaxcraH

AHHOTauuA

B aToi cTaThe pa3bupaeTca poab BaHKOB BTOPOro ypoBHA B KaszaxctaHe. OHWM nomoratoT
Pa3BMBaTb Masbii 1 cpedHnit busHec ¢ 2022 no 2025 roapl. Tam CMOTPAT, Kak MEHAIOCh YMC0
nencraytowmx npegnpuatnin MCb. Obcy»kaatoT, YTO BAMAIO HA aKTMBHOCTb TEX, KTO 3aHMMaeTcA
npeanpuHMmaTensctBom. Ocobo aKLEHT Ha KpeaUTHOM NOMOLLM OT BAHKOB M rocyAapCTBEHHbIX
nporpammax no ¢euHaHcuposaHuto. Mo maTepmanam HaumoHanbHoro 6aHka PK, APPOP, aT0
AreHTcTBO Pecnybnvkmn KasaxcTaH no peryanmpoBaHUIO U pa3BUTUIO GUHAHCOBOrO PbIHKA, MAHOC
odNLMANBbHON CTAaTUCTUKE, BUAHO, YTO NPOLLE AOCTYMHbIE KpeanTbl, LMPOBbLIE YCAYTN N CBEXME
dMHaAHCOBbIE MHCTPYMEHTbI Aann Tondok pocty MCB. CTaTba OTMEYaeT K/toyeBble TPYAHOCTU B
cektope. K HMM OTHOCATCA BbICOKME CTaBKM MO KpeauTam, AedUuMT CPeacTB Ha ANUTesbHble
nepuoabl, a TaKKe HepaBHOMEPHOCTb (MHAHCMPOBAHMA MO PasHbIM pernoHam. Tam ke
OMMCbIBAOT BapMaHTbl, KaK MOXHO YKPenuTb NapTHEPCTBO Mexay H6aHKamun 1 6usHecom. MNatoc,
nyTv ANA yaydweHma Bcei GUHAHCOBOM CUCTEMbI B LLE/TIOM.
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Annotation

This article examines the role of second-tier banks in Kazakhstan. They help to develop
small and medium-sized businesses from 2022 to 2025. They are looking at how the number of
operating SMEs has changed. They discuss what influenced the activity of those who are engaged
in entrepreneurship. Special emphasis is placed on credit assistance from banks and government
financing programs. According to the materials of the National Bank of the Republic of Kazakhstan,
the ARFR, the Agency of the Republic of Kazakhstan for Regulation and Development of the
financial market, plus official statistics, it is clear that more affordable loans, digital services and
fresh financial instruments have given impetus to the growth of SMEs. The article highlights the
key challenges in the sector. These include high loan rates, a shortage of funds for long periods,
as well as uneven financing across different regions. It also describes options for how to strengthen
partnerships between banks and businesses. Plus, there are ways to improve the entire financial
system.
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Manbih 1 cpegHuin bmusHec (MCB) UrpaeT BaxHYIO posib B 3KOHOMMUKe KasaxcTaHa. OH
co3maéT 6onblyto 4YacTb BBI1, obecneumBaeT nogent paboton M aenaetT 3KOHOMUKY bHonee
npucnocobnaemon K M3ameHeHUAaM. baHKM BTOporo ypoBHa (BBY), To ecTb Kommepueckne 6aHKu,
Kpome HaumoHanbHoro 6aHKa, — 3TO OCHOBHble dMHAHCOBbIE NocpeaHUKU. Yepe3d Hux MChb
nony4aeTt HONbLIYIO YaCTb KPeAUTOB. TaKKe OHW NPeAOoCTaBAAIOT YCAYrM NO NaaTexam, pacyéTam
M MHBECTUMUMAM. YTOObI SKOHOMMKA NOyYana AOCTaTOYHO AEHEr, KpeanToB U GUHAHCOBBIX YCAYT
Ans pocTa bMaHeca, BaXKHO, UTObbI Mmexkay 6aHkammn n MCB 6bin XxopoLume OTHOLLEeHMA.

BaHKkM BTOporo ypoBHs, uanM BBY, 3aTo duHaHCOBble yuypexaeHua Bpode OaHKOB W
KpeauTHbIX OpraHM3aLmMii, KOTopble MMetoT oduLManbHble 6aHKOBCKME AnueH3nn. OHn cobupatoT
BKNAaAbl OT OObIYHbIX NOAEN M OT KOMNAHWM, pas3gatoT KpeauTbl, 3aHMMAKOTCA Pa3IMYHbIMMI
pacyeTamu, OMepupyrtoT C Ba/toTOW. Kpome TOro, 3T opraHu3aumm npegnaratoT 6pokepckue
YCAYyrn U NOMOLLb B MHBECTMUMAX. B oTnmumne oT HaumoHanbHoro 6aHKa, KOTOPbIM BbiCTynaeT
LeHTpanbHbiM 6aHkom, BBY aeicTBytoT no obwym pbiHOYHbIM Npasuaam. OHWM NpUBAEKatoT
CpeacTBa, CaMu YNpaBaAOT CBOMMM aKTUBAMM U pUCKamu. ELle OHM cO34at0T NPOAYKTbI, KOTOpble
OpPMEHTMPOBaHbI Ha BU3HeC, BK/OYaa Manbli U cpeaHnin busHec.

BaHKM BTOPOro YPOBHA WrpaloT KAKYEBYHD pPO/Ab B NpeBpalleHun cbeperkeHnin B
WHBECTULMK, HaNpaBaeHHble MMEHHO B CEKTOP MANoro n cpeaHero bmusHeca. 3T 6aHKM BblAAOT
KpeamTbl U OTKPbIBAKOT KpeauTHble NMHUKW. Bbnarogapsa 3aToMy manble n cpeaHue npeanpuatna
MOTYT 3anyCKaTb MHBECTULMOHHbIE NPOEKTbI, MONONHATL 0OOPOTHbLIE CPEACTBA, PACWIMPATL CBOHD
neatenbHoCTb. Koraa npeanpuAatva nosyvatoT HaHKOBCKOe GUHAHCMPOBAHME, OHW MOKynakoT
HoBOe 06opy0BaHWeE, BBOAAT COBPEMEHHbIE TEXHOOTNK, YBEANYMBAIOT 06 bEMbI MPON3BOACTBA.
B nTore aTo cnocobcteyeT 0bLEeMY POCTY SKOHOMMKM U NOABNAEHUIO HOBbIX pabounx mecT. Kpome
TOro, npeanaratoT GakTOPUHE U NN3MHT ANA GUHAHCMPOBAHMA 0OOPOTHbLIX M OCHOBHbIX CPEACTB.
BaHKKM NPOBOAAT pacyeTHO-KaccoBoe obcnyRmnBaHmne. OHU BbIAAKOT rapaHTUM K akkpeanTuBsl. ELLe
3TW YUPEXAEHNA KOHCYNbTUPYIOT NPeAnpUHMMATENEN, MOMOTatOT 3anycKaTb M pPa3BmMBaTb bM3Hec.
HakoHel, npeaocTaBnAoT UMPPOBble MNPOAYKTbl BPOAE OHMAMH-DAHKMHTA M MODBUbHbIX
NPUIOKEHNA.

BaHKM BTOPOro ypoBHA Aat0T NpeanpuHMMATeNAM WHCTPYMEHTbI, KOTOpble MOMOratoT
CHM}KATb PUCKM M ynpouwlaTb BedeHMe OU3Heca. K TakMM MHCTpyMeHTamM OTHOCATCA CPe/cTBa
XeOKMPOBAHMA BaMOTHbBIX M MPOLEHTHbIX PUCKOB. OHM 3alUMLLAT KOMMAHWUM OT HeraTuMBHbIX
M3MEHEHWA KypCOB Ba/IlOT M CTAaBOK MO KpeauTam. BaHKM TakKe npeanaratoT TOprosble
WHCTPYMEHTbI, HanpuMep 3SKCMOPTHbIE TAPaHTUM WM aKKpeauTMBbl. ITO obnervaert yvactve B
MeXAyHapoaHOM  Toprosnie. PasBuTME  OHMAMH-MAATENEW W SKBaMpWHra no3sonset
npeanpuATUAM YMeHbLIATb OnepauyoHHble 3aTpaTbl. Kpome TOro, 3To MOMOraeT paclmpATb
PbIHKK cbbITa Yepes yaobHble cnocobbl NprMema naaTexkel oT KAMeHToB. B obuiem, BBY He npocTo
[At0T AeHbrn B gonr. OHM obecneynBatoT KOMMIEKCHYKO MOMOLLb MasioMy U cpeaHemy busHecy,
YTO CNOCOBCTBYET UX PA3BUTUIO U CTABM/IbBHOCTW.

BanAHme HaHKOB Ha POCT Manoro u cpeaHero GBusHeca MOXHO OnMcaTb Yepes NPOoCTyHo
Lenoyky cobbitnin. ObneryeHne AocCTyna K KpeauTam nobyxaaeT K 60AbWMM MHBECTULMAM B
Aeno. 3To NpMBOAMUT K POCTYy MPOM3BOACTBA M CO34aHWIO HOBbIX paboumx mecTt. Koraa 6usHec
paclwmpaeTca, NpeAnpuATUA HAaYMHAOT NAATUTb BoNbLIEe HANOroB. B uTore aTo yayywaet 6roaxeT
cTpaHbl. CepBucbl OT 0OaHKOB, TakMe KaK MAaTeXM W 3apnaaTHble MNPOEKTbl, MOMOrakT
dopmannsosatb BU3HecC. brarogapa STOMy OTKPbIBAETCA MyTb K rOCYyAapPCTBEHHbIM MPOrpammam
noanepxkn. dopmanusauma ynpouiaet obuieHne ¢ Bnactamu. OHa NOBbIWAET MPO3PAYHOCTb
PaboTbl KOMNAHW.

B KasaxcTaHe HeCKONbKO KpynHbIX OaHKOB aKTMBHO MOMOratoT Masomy W cpeaHemy
6usHecy. Cpeamn Hux BbigenatoTcs Halyk Bank, Kaspi Bank, ForteBank n Bank CenterCredit. 9Tu
yuypexaeHunsa npeanaratoT pasHoobpasHble ycnyrn ana npeacrasutenein MCBb. OHM oxBaTblBatOT
BCE OT O0ObIYHOrO KpeauMToBaHMA A0 OCOObIX MPOrpamm, KOTOpble peanu3yroTcA BMecTe C
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rocyZapcTBEHHbIMW OpraHamn. baHKM co34at0T NepCcoHasibHble NOAXOAbI ANA KAXA0ro KAMEHTa.
MpW 3TOM OHM YYUTBIBAOT CNeUnPUKy ero aena u Hy»apl B AeHbrax. PoHa Jamy BmecTe ¢ Apyrmmm
rOCCTPYyKTypaMun pabotaeT ¢ 6aHKamu Haa AbrOTHbIMM KpeauTamu. OHW Aa0T rapaHTUmM U
npoBoasT obydyatowme cobbitna ana MCB. Takme mepbl MOMOratoT YMEHbLUTb PUHAHCOBbIE
npenaTcTemna. OHM NOBbLIWAOT AOCTYN K CPeacTBaM ANA HebonblnX 1 cpeaHux dupm. K npumepy,
rocyapCTBO BbIAAET rapaHTMM MO 3aimMam. ITO CHMXKAET ONacHOCTM Ana BaHKoB. B utore 6aHku
MOTYT AaBaTb KPEAUTbl TEM KOMMNAHMAM, KOTOPbIE MHAYe He NONyYnan Bbl NOAAEPHKKY.

FoCyAapCTBO TaKXKe YaCTMYHO MOKPbIBAET MPOLEHTbl NO KpeauTam. M3-3a 3Toro 3ambl
cTaHoBATCcA npolue ana MCB. Tenepb 0 HabOAEHUAX, KOTOPbIE MOKA3bIBAIOT NMONOKEHNE CEKTOPA
MCB v Brknag 6aHKkoB B ero nporpecc. C 2022 no 2024 roa, pocao YNCA0 Kak 3aperncTpupoBaHHbIX,
Tak 1 paboTatowmx cybbektos MCB. Ha 1 sHBaps 2023 roga aectsytolinx cybbektos MCI 66110
1 818,8 Tbicaun. 370 Hosbliue, yem B 2022 roay, rae nokasatesb coctasnsn 1 431,6 Teicaun. Takue
UMPpPbI YKa3bIBalOT Ha NOABEM AEe/N0BOM aKTMBHOCTM. MIHTEPEC K OTKPbITUIO CBOEro Aena ToXe
yBennymsaetca. B 2023 1 2024 rogax sTOT TpeHA, NPOAOIKMACA.

CornacHo gaHHbim KASE n otyétam, Ha 1 anpena 2024 roaa 3aperncTpmpoBaHHbIX
npeanpuatin MCB HacumTbiBanock 0KoJo 2 184 Thicad. A gencTeyrolwmnx GUpm Obl10 NPUMEPHO 2
013 TbicAY. Pa3nnyHble UCTOYHMKM NPUBOAAT NOXOXKME LUMPPbI. ITO NOATBEPKAAET HALEKHOCTb
nHpopmaummn. Jona MCb B BBIM Kasaxctana 3a 2023 n 2024 roabl, No OLeHKam, 4oxoauna Ao 38-
39 npoueHToB. Takne NOoKasaTe M rOBOPAT O PaCTyLeM 3HAYEHUM CEKTOPA ANA BCEM IKOHOMUKM
CTpaHbl. PocT BKNaga MCb B BBl noayépKkmnBaeT mx posab. Manble 1 cpeaHne npeanpuaTtna BCE
Ba)XKHee /19 SKOHOMMYeCKoro pa3BuTua. OHKM TaKKe obecneynsatoT paboune mecta Ana Noaen.

BaHKOBCKMI CEKTOP WrpaeT BaxkKHYylD poab B KpeautosaHum MCH, npepoctasnasa
3HAYUTE/IbHYH YaCTb PO3HWYHOIO M KOPMOPATMBHOIO KpeauTHOro noptdena. [lona KpeamTos,
BblAaHHbIX MCB, B 0blem 06béme HaHKOBCKOrO KpeaAMTOBAHMA ABNAETCA 3aMETHOMN (Hanpumep,
B HEKOTOPbIX OTYETAX YKa3blBAETCA, YTO OHA COCTaBAAET OKO/J0 YeTBEPTM OT BCeX BblAay). ITO
noATBepKAaeT, YTo BaHKM OCTatoTCA OAHMM M3 OCHOBHbIX MCTOYHMKOB GUHAHCMPOBAHWMA ONA
MasnbIX 1 cpeaHnX Nnpeanpuatnin B KasaxcraHe.

0O606LLan npeacTaBNEHHble AaHHbIE, MOXHO CAenaTb BblBOA O TOM, 4To cekTop MCH B
KasaxcTaHe AeMOHCTPUPYeT YyCTOMUYMBBIN pocT, 1 BBY npoaoKatoT urpatb KAKOYEBYO POJb B €ro
duHaHcoBoM noagep:kke. [na  panbHenwero pas3sutnua MCB HeobxoaMMO MNpPoAoaKaTb
COBEPLUIEHCTBOBATb MeXaHW3Mbl GUHAHCMPOBAHMA M CO34aBaTb 6MaronpuMATHbIE YCNOBMA ANA
Be/leHuA b13Heca.

B oTHOWweHMAX mexay 6aHKamu BTOPOro ypoBHA M CyObEKTamMM Manoro u cpeaHero
npeanpuHumatensctea (MCB) cyuwectByeT pad  CAOXKHOCTEM, CAEPMKMBAKOWMX pPa3BUTUE
nocAeHWX U OrPAHNYMBAIOLLMX NOTEHLMA COTPYAHNYECTBA.

OfHa M3 OCHOBHbIX NMPobH/aEM 3aKNKOYAETCA B OrPaHUYEHHOM AOCTYMHOCTU KPeaUTHbIX
cpeacts ana MCB. BbicokMe npouUeHTHble CTaBKKM, KecTKue TpeboBaHMA K 3a/0r0BOMY
obecneyeHnto, a TaKKe ANUTe/bHble W OIOPOKPATM3MPOBaAHHbIE Mpoueaypbl OPOPMAEHUS
KpeamnToB AeNatoT 3aiMbl 4OPOTMMK U TPYAHOAOCTYMHbIMU ANA MHOTUX NPEANPUATUIN Manoro u
cpeaHero 6usHeca. PakTopbl, 06yCNaBAMBAIOLLME TAKYIO CUTYALIMIO:

PUCK-OpMEHTMPOBaHHaA MNOAMTMKA OaHKOB. baHKWM, OUEHWMBAA PWUCKKM, CBA3AHHbIE C
KpeauToBaHnem MCB, 4acTo 3aKN1aAbIBAtOT B MPOLLEHTHbIE CTAaBKM MOBbILEHHY MPEMMIO 33 PUCK,
06YyCNOBNEHHYIO HEAOCTATOYHOM NPO3PAYHOCTHIO0 GUHAHCOBOrO COCTOAHMA U AEATENbHOCTU TaKMX
npeanpuaTmni.

AOMUHUCTPATMBHbIE M34epPXKKU. OnepaumoHHble pacxoabl OaHKOB, CBA3aHHble C
PAaCCMOTPEHMEM 3aiBOK Ha KpeauTbl U 0BCAyKMBaHMEM KpeAWTHbIX gorosopos ¢ MCB, moryT
ObITb OTHOCUTENBHO BbICOKMMMU, YTO TaKXKe BMAET Ha CTOMMOCTb KPeAMUTHbIX PeCypCosB.

MaKpOsKOHOMMYeCKaa HecTabunbHOCTb.  WMHOAAUMOHHBIE npoueccbl M 0obuian
MaKpPO3KOHOMMYECKass ~ HecTabuNbHOCTb B 3KOHOMWKe  CO34alT  AOMOJHWUTENbHYHO
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HeonpeAeneHHOCTb AnA 6aHKoB M MCB, UTO TaKXKe MOKET NPUBOANTL K YBENUYEHUNIO MPOLEHTHbIX
CTaABOK U Y}KeCTOYEHMIO YCIOBUIN KpeaMTOBaHMA.

MNpobnema HeBO3BPATOB KPeAMTHbLIX CPEACTB — BaKHbI acnekT. BbICOKMI ypoBeHb
NPOCPOYEHHON 3aA0/KEHHOCTM M HenjaTexen no KpeauTam B OTAeNbHbIX cermeHTax MChb
(Hanpumep, B Ce30HHOM OM3HECe WMAW TOProsae) NPMBOAMT K TOMY, YTO OaHKM BbIHYKAEHbI
YXKECTo4YaTb CBOO KPeAUTHYIO NOANTUKY, YTOBbI 06e3onacnTb ceba oT BO3MOXKHbIX YObITKOB. 3TO,
B CBOIO 04Yepeb, NPUBOAMT K COKPALLEHMIO YACAA KPeaUTHbIX NnpeanoxeHnit ans MCb. BosHuKkaeT
3aMKHYTbIM KPYr: YemM MeHblle KpeauTOB BblAAETCA, TEM MEHbLLIE BO3MOXKHOCTEM ANA Pa3BUTMA
MCEB.

MHorve masnble NpeanpuATMA He pacnonaratoT A0CTaTOYHbIM O6bEMOM NMKBUAHOTO
3a/10T0OBOr0  MMYLLECTBA, a TaKXKe He MOryT npeaocTaBuUTb HeobXxoAumble TapaHTUM UK
NOATBEPANTb CBOK KpeamuTHyt wuctoputo. [JaHHaa npobnema MoxKeT ObiTb pelleHa nyTem
Pa3BUTMA  FOCYAAPCTBEHHbIX  FAapPaHTUMHbBIX  MEXaHW3MoB  (Hanpumep, 4Yepe3  GOHAbI
rapaHTMPOBAHMA KPEeAUTOB) N BHeAPEHMA Nporpamm dakTopuHra, nossondtowmx MCb nonyyaTb
drHaHCMpoBaHMe Noa YyCTYynKy AebUTopCcKoM 3a401KEHHOCTHN.

HepocTaTouHbI ypoBeHb GMHAHCOBOW rPAMOTHOCTM Cpean NpeanpuHMMaTenein ABnaeTca
ewe oAHMM aKTOpPOM, 3aTpyaHAoWMM B3ammogeincteme MCB ¢ H6aHkamu. MHorune
npegnpuHUmaTenn He o61afatoT AOCTAaTOYHbIMM HaBblKaMM ANSA MOATOTOBKM KayeCTBEHHbIX
Ob13Hec-NNaHoB, YTO 3aTpyAHAET ANA DAHKOB OUEHKY MepPCneKTMBHOCTM MPOEKTOB U MPUHATME
PeLeHnt 0 KpeanuToOBaHMN.

HepocTtatouHaa uUMPpoBM3aUMA M CKOPOCTb npoueccoB. MeaneHHble npoueaypsl
nposepkn KameHToB (KYC), CNOXKHbIM OAOKYMEHTOODOOPOT M HexBaTKa aBTOMATU3MPOBAHHbIX
CUCTEM  OUEHKM  KpeauTocnocobHOCTM  (CKOpWHra) NpenaTcTBYHOT — MacliTabuposaHMIO
KpeantosaHma MCh.

MpaKTMYeckne peweHna: Kak baHKM BTOPOro YPOBHA MOTYT YyCUAUTb noaaepkky MCB.

Ona nosblweHns 3GpGEKTUBHOCTM B3aMMOAeNCcTBMA OaHKOB BTOPOro yposHA n MCh
HeobXoAMMbl CKOOPAMHMPOBAHHbIE YCUAWA, HaMpaBieHHble Ha pelleHWe BblleyKa3aHHbIX
npobnem. baHKaM cneanyeT pPaclWMpATb NMHENKY KPeaWTHbIX MPOAYKTOB, afanTMPOBaHHbLIX K
noTpebHoCTAM pa3nnyHbix cermeHToB MCB. BO3MOKHble pelleHns:

MbKMe KpeauTHble NMHUKW. [MpenocTaBNeHUE KPATKOCPOYHbIX ODOPOTHBIX KPeaMTHbIX
PEeCcypcoB C BO3MOXHOCTbIO M3MEHEHWA NMMUTA B 3aBUCMMOCTW OT CE30HHOCTM OuM3Heca uau
KonebaHui cnpoca.

KpeauTHble oBepapadThl. MpeaocTaBneHme «KpeauTHbIX oBepapadToB» ANA MOKPLITUA
Tekywmx noTpebHocTen B UHAHCUPOBAHNN.

MuKpoKkpeanToBaHme W  GaKTOPUHT. PassBuTMe NPOrpaMm MWUKPOKPEeAMTOBAHMA C
YyNPOLLEHHOW NpoueaypPoin OPOPMAEHNS, a TaKKe pacllMpeHne NCNoNb30BaHNA GakTopUHra.

[apaHTUIMHbIE MEXaHM3Mbl W COBMECTHble MporpaMmmbl. Heobxoammo pacwmpaTb
COTPYAHMYECTBO C TOCYJAPCTBEHHbIMW GOHAAMM rapaHTMpoBaHMA KpeauToB (damy U
permoHasnbHble GOHABI), KOTOPbIE MOTYT YAaCTMYHO MOKPbLIBATb PUCKM BAHKOB NPU KPeaMTOBAHUN
MCB. 370 nNO3BOAUT YBEAMYUTb KPEeAMTOCNOCOOHOCTb KAMEHTOB, He Tpebya OT HUX
NpeAoCTaBNEHMA 3HAYMTEIbHOTO 3a/10r0BOro obecneyeHums.

Pa3Bntne UMPPOBbLIX CKOPUHIOB M nnatdopm. BHeapeHue UMbpPOBLIX CUCTEM OLLEHKM
KpeantocnocobHoctn MCE Ha ocHOBe AaHHbIX 06 3N1EKTPOHHbIX MNAATEXKAX, HAIOTOBOM UCTOPUN U
OTPac/NeBOM NPUHALNEKHOCTM NO3BOIMT aBTOMATU3NMPOBATL NPOLLECC MPUHATUA PELUEHNN.

®unHaHcoBoe 06Opa3oBaHWe W KOHCYyAbTauuMW. BaHKM  MOryT  OpraHW3oBbIBaTb
obpasoBaTesibHble  MPOrPamMMbl,  KOHCY/NbTalMM M OKa3blBaTb MOMOUWb  HAYMHAIOWMM
npeAnpuHUMATENAM. ITO NOMOKET YAYHLNTb Ka4eCTBO KPeAUTHbIX 3aABOK U CHU3UTb KpeanuTHble
PUCKM.
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AnbTepHaTUBHbIE WHCTPYMEHTbl GUHAHCMPOBAHWMA. Pa3BMTME TaKMX aNbTepPHATUBHbIX
MHCTPYMEHTOB (UMHAHCMPOBAHMA, KaK GaKTOPUHI, KpayadaHAMHI, BEHYypHOE KpeauToBaHuWe,
NO3BO/IUT YaCTUYHO KOMMNEHCMPOBATb HEAOCTATOK AOCTYNHbIX 6BAHKOBCKMX KPeaMTOB.

BansHmne 6aHKOB BTOPOro ypoBHA Ha cekTtop MCh:

e PocT macwTtabos onepaumit MCB. KpeauTHble pecypcbl no3BoafoT MCB paclumpaTb CBOO
[eATeNbHOCTb, yBEIMYMBATb 0O bEMbI MPOU3BOACTBA M NPOAAMNK.

e YnpouweHue BedeHuAa Hu3Heca. MNaTéxHble W PacyéTHble pelleHusa, npeaaaraemble
HaHKamMK (3KBAMPWHT, 3apnaaTHble MPOEKTbl), 3HAYUTENbHO YMNPOLWatoT BeAeHWe busHeca anA
MCB, CHWXaloT TPaH3aKLUMOHHbIE W3AEPXKKM W NOoBbIWAT 3GHEKTUBHOCTL yNpaBaeHMA
dUHaHCaMN.

e (CuHeprma C rocyAapcTBeHHbIMM MPOrpaMmMamu. Yyactme OaHKOB B rocnporpammax
NO3BONAET YBEAMUNTb AOCTYNHOCTb GMHaHCMpoBaHMa ans MCh.

OrpaHunumBatowme Gaktopbl. BbicOKaa CTOMMOCTb M HeAO0CTaTOYHaA TMOKOCTb KpeauToB
orpaHuumnsatoT poct MCB, ocobeHHO B pucKOBaHHbIX obnacTsax. 3ameaneHHaa uudbposm3aums
baHKoB caepmBaeT nogaepxky MCB. CuctemHbin addekt. Monntmka 6aHKOB B OTHOLIEHWUM
KpeanToBaHna MCB oKka3blBaeT CMCTEMHOE BO3ENCTBME Ha CTPYKTYPY 3aHATOCTU M BKAaa MCBE B
BBIT cTpaHbl.

MpaKkTMyeckne pekomeHaaummn ana 6aHKoB 1 perynaTopos. s 6aHKoB:

e Pa3pabaTbiBaTb afanTMPOBaHHblE KPeAWTHble MPOAYKTbl ANA Pa3HbIX 3TanoB pPa3BUTUA
6usHeca MCb.

e  IHBeCTMPOBaTb B CKOPUHI M aBTOMaTU3aLMIO.

e  AKTMBHO MCNONbL30BATb FOCrapaHTUM.

Ona perynatopos:

e  Pa3BMBaTb MeXaHW3Mbl FAPAHTMPOBAHMA U NbIOTHOE KPpeanTOBaHME.
e  YMmeHbllaTb aAMUHUCTPATMUBHbIE Bapbepsl.

° BBOAMTL HA/IOrOBbIE /IbFOTbI ANA HAYMHAKOWMX NpeAnpUHMMATENEN.

K 2025 roay B KaszaxcTtaHe 3aMeTeH YCTOMYMBBIM POCT Masoro 1 cpeaHero 6msHeca. Yncno
TaKMX KOMNaHU yBeamnumnock ¢ 1,43 munnmoHa B 2022 rogy A0 okono 2,18 munnmoHa B 2025
rody. 370 03HaYaeT, YTo 3a YeTblpe roJa X KOAMYECTBO Bblpocao Ha 50 npoueHToB. Tako Noabem
NoKa3blBaeT yKpenaeHne 6M3Heca M BCEN IKOHOMMUKM CTPaHbl. baHKM BTOPOro YPOBHSA aKTUBHO
noafep*KmMBatoT 3TOT npouecc. OHM MOMOratlT NpeanpPUHMMaTENsM MoayYaTb Heobxoanmble
cpeactBa. C 2022 no 2025 ron obbem KpeauToB A8 Manoro M cpeaHero 6usHeca 3amMeTHO
yBennuymca. Tenepb okoao 33 NpoLeHTOB BCcex HAHKOBCKUX KPeaMTOB HamnpaBaaeTca MMEHHO Ha
3TN NPeanpuATMA. ITO CTas0 BO3MOXKHbIM 61arogapa COBMECTHbIM NporpaMmmam rocy1apcTsa m
YacTHOro cekTopa. B ux yncno sxoaat ®onHa Aamy, XonanHr bantepek n cneumnanbHble KpeamThbl
ON5 KMOYeBbIX OTpacsen. baHku npubamsnance K Hyxagam 6usHeca. K 2025 roay nprumepHo 65
NPOLEHTOB Masoro M cpeaHero 6mMsHeca MOryT UCMOAb30BaTb DAHKOBCKME YCAYrM. ITO ropasao
bonble, yem B 2022 roay. KpynHble 6aHkn Bpoae Halyk, Kaspi, Forte, BCC u apyrnx paspaboTanm
pa3HoobpasHblie UMdPOBbIE MPOAYKTbI. ITU YCAYrM BKAOYAIOT 0OCAYXKMBaHME, KPeauToBaHMe,
aBTOMaTM3aLUMIO  MPOLECCOB M njaTtexu. Bce 3to co3gaer yaobHyio cpeay  And
npeanpuHUMmaTenen.

HecmoTpsa Ha ycnexu, y Masioro u cpeaHero busHeca OCTatoTCcs cepbesHble Npobaembl.
KpeauTbl Bce eule goporuve. HenocTaToOYHO AO0ATOCPOYHbLIX 3amoB. [oCTyn K OaHKOBCKMM
yC/lyram pas/inyaeTcsa no permoHam. Kpome Toro, Aas nNofyvyeHusa Kpeamta 4yacTto TpebytoT 3a0r.
3TN TPYAHOCTM 3aMeaNAloT pa3BuTne brusHeca. OHM MeLlatoT MasioMy 1 cpeaHemMy BUsHecy cTaTb
OCHOBHOW CM/I0M B SKOHOMWYECKOM POCTE.

Tem He meHee, rocyaapcTBo, HaHKM 1 GMHAHCOBO-TEXHONOMMYECKME KOMNAHUK paboTatoT
HaZ, HOBbIMW dopmamm PuHaHcMpoBaHua. Cpean HUX GAKTOPUHE, KpayadaHAWMHE, TPaHTbl U
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OHNanH-nnaTdopMbl. K 2025 roay BKAaL Manoro u cpeaHero 6GusHeca B 3IKOHOMMKY KasaxcTaHa
noctur okono 40 NpoueHTOB. IDTO CBMAETENbCTBYET O [ABWMMKEHWW CTPaHbl K 3KOHOMMUKE,
OCHOBAHHOM Ha NPeANPUHMMATENbCTBE, MHHOBALMAX M YAaCTHOW MHULMATUBE.

B uenom, 6aHKM BTOPOro YPOBHSA UrPatoT KAOHEBYIO POJIb B PA3BUTUM MANIOro U CpeaHEero
6busHeca B KasaxctaHe. OHM He TONbKO MNPEeAOCTaBAAT KpeauTbl. HO M cnocobceTsytoT
MoAepHM3aumMmM busHeca. ITO CO34aeT yCA0BMA ANA POCTA, KOHKYPEHUMM M IKOHOMMYECKMX
M3MeHeHnn. Ecnm rocyaapcTtso, GaHKM M NpeanpuHMMaTeNn NPOAO/IKAT COTPYAHMYECTBO, TO
Masbll 1 cpeaHnin BU3HEeC CMOXKET Aasiblie Pa3BMBaATLCA B DyayLLeMm.

1. ATEHTCTBO MO PEeryinMpoBaHUIO M pPa3BUTUIO dUMHAHCOBOro pbiHka PK (APP®P),
0O630p 6aHKkosckoeo cekmopa, 2025 2.

2. HauumoHanbHbi 6aHK PK, ®uHaHcosaa cmabunsHocme Kazaxcmana, 2024-2025
ee.

3. KomuteT no cratnuctmke MH3 PK, Masnoe u cpedHee npednpuHumamesnnsCmao:
2022-2025

4, ®oHpa «damy», Omyém o npoepammax uHaHcuposaHus MCE, 2024-2025

5. Forbes Kazakhstan, barnkosckutli cekmop u MCB: meHdeHyuu 2025

6. AHanntnyeckunin o63op Halyk Finance, baHkosckoe kpedumosaHue busHeca, 2025
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Abstract

This article explores theoretical and practical approaches to developing monologic speech
among basic secondary school students in foreign language lessons. It emphasizes the importance
of communicative competence as a foundation for effective language use and examines methods
such as communicative teaching, task-based learning, lexical approaches, and CLIL (Content and
Language Integrated Learning). The study highlights how these methods foster both linguistic
accuracy and confidence in monologue speech and provides recommendations for applying
communicative tasks in classrooms following Kazakhstan’s competency-based standards.

Introduction

In modern education, the ability to communicate effectively in a foreign language is a
fundamental skill. Beyond grammatical knowledge, students must develop the ability to express
ideas clearly in both spoken and written forms. Monologue speech—the ability to speak at length
on a topic—is particularly important at the basic secondary school level, as it encourages
independent thought, logical structuring of ideas, and personal expression.

In Kazakhstan, educational reforms have shifted the focus from rote memorization to functional
language use, integrating competency-based standards that prioritize meaningful communication
over mechanical exercises (Kunanbayeva, 2013). This creates a need for methods that develop
both accuracy and fluency in monologue speech.

Hymes (1972) emphasized that linguistic competence forms the foundation of communicative
competence. Without a strong linguistic base, learners cannot produce grammatically correct and
contextually appropriate utterances. Similarly, Canale and Swain (1980) distinguished between
grammatical, sociolinguistic, discourse, and strategic competencies, highlighting the
multidimensional nature of effective communication.

1. Intercultural Communicative Competence as a Component of Monologue Speech Development

Intercultural communicative competence refers to the ability to use language effectively in
culturally appropriate ways, respecting social norms and values. It combines linguistic knowledge
with understanding of cultural contexts, enabling students to communicate meaningfully in
diverse situations.

Developing monologue speech requires students not only to organize their thoughts but also to
consider the cultural expectations of their audience. For example, when describing holidays,
traditions, or personal experiences, learners need to select vocabulary, expressions, and stylistic

features suitable for their listeners.
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The process of developing intercultural communicative competence can be enhanced through
carefully designed tasks, including:

-Storytelling about personal or cultural experiences;
-Presentations on familiar or researched topics;
-Comparing and contrasting cultural practices;
-Discussing global issues from a local perspective.

Such tasks promote active engagement, critical thinking, and the ability to construct coherent,
culturally informed monologues. Cognitive and social interaction, as emphasized by Vygotsky
(1978) and Piaget (1970), plays a crucial role, enabling learners to internalize language structures
while practicing meaningful communication.
2.Methods and Approaches to Teaching Monologue Speech in Foreign Language Lessons

Effective development of monologic speech relies on a combination of teaching methods that
balance accuracy and fluency. Key approaches include:

Communicative Method

The communicative method emphasizes real-life use of language. Students participate in pair
work, group discussions, and problem-solving tasks, using English in meaningful contexts. This
helps internalize grammar and vocabulary naturally while building confidence in speaking
(Richards & Rodgers, 2014).

Task-Based Learning (TBL)

TBL focuses on completing purposeful tasks, such as describing a place, giving instructions, or
planning an event. Each task involves preparation, performance, and reflection, encouraging both
linguistic and cognitive engagement. This aligns with constructivist principles, allowing students to
construct knowledge actively (Willis, 1996; Ellis, 2003).

Lexical Approach

The lexical approach prioritizes vocabulary and phraseology over isolated grammar rules.
Learners study collocations, idioms, and fixed expressions, which enables more natural and fluent
monologues (Lewis, 1993). For example, using phrases like as a result or in my opinion helps
students structure their speech effectively.

Grammar in Context

Grammar remains essential but should be taught within meaningful contexts. Texts, dialogues,
and role-plays provide opportunities to apply structures communicatively, ensuring students
understand both form and function (Harmer, 2007).

Integrated and CLIL Approaches

CLIL integrates content learning with language practice, allowing students to learn science,
history, or geography in English. This expands vocabulary, motivates learners, and demonstrates
the practical use of language outside traditional lessons (Coyle, Hood & Marsh, 2010).
3.The Role of the Teacher in Monologue Development

In communicative teaching, teachers are not mere evaluators; they are facilitators and co-
participants. Their role includes:

-Designing communicative contexts that make speaking purposeful;

-Providing linguistic scaffolding such as phrases and connectors;

-Encouraging risk-taking and reducing fear of mistakes;

-Monitoring and providing feedback at appropriate times;

-Integrating monologue tasks into broader thematic units such as My Country, Holidays, or
Environment.

Teachers also adjust tasks for mixed-ability groups, allowing weaker students to present simpler
monologues while stronger students produce more complex discourse.
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1.Assessment of Monologic Speech

Assessment should reflect communicative competence rather than isolated linguistic knowledge.
Key criteria include:
1.Content relevance — addressing the topic fully;
2.0rganization and coherence — clear structure with introduction and conclusion;
3.Language range and accuracy — diverse vocabulary and correct grammar;

4. Fluency and pronunciation — smooth delivery and clear articulation;
5.Expressiveness and engagement — ability to capture and maintain attention (Hymes, 1972).

Formative techniques, such as two stars and a wish or peer feedback, allow students to reflect
and learn collaboratively.
Conclusion

Developing monologic speech in basic secondary school students is a multifaceted process that
combines linguistic, cognitive, and cultural skills. Communicative tasks, when carefully designed
and integrated, provide opportunities for learners to express themselves meaningfully, think
critically, and engage confidently with the target language.

Through storytelling, reports, descriptions, and creative projects, students progress from simple
sentence production to coherent, organized discourse. Teachers serve as guides, creating
supportive environments that encourage risk-taking and self-expression.

In short, communicative tasks are more than instructional tools—they are a bridge from
classroom learning to real-world communication. When applied consistently, they transform
students from passive listeners into active language users capable of expressing their ideas clearly,
confidently, and meaningfully.
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ABSTRACT

This article examines the use of gamification as an instructional method in teaching English
to secondary school students. Grounded in contemporary approaches to language education,
gamification involves the systematic integration of game elements—such as points, badges, levels,
and leaderboards—into classroom activities to create structured, engaging learning experiences.
The study employed a one-group pre-test—post-test design with 50 students aged 14 to 17 to
evaluate changes in English proficiency and engagement before and after the implementation of
gamified instruction. Quantitative results revealed a notable increase in language proficiency, with
overall performance improving by 16.2% across vocabulary, grammar, reading, and listening.
Student engagement also showed a strong positive trend, increasing from an average score of 3.2
to 4.4 on a 5-point scale. These findings demonstrate that gamification promotes more active
participation, enhances task completion, and supports measurable learning outcomes. The article
concludes that when implemented with a clear methodological framework, gamification functions
not merely as a motivational tool but as an effective instructional method for organizing and
enhancing English language learning in secondary schools.

Key words: Gamification, English language teaching, secondary school students,
instructional methods, engagement, language proficiency, educational technology.

INTRODUCTION

The incorporation of interactive, technology-driven strategies has increasingly shaped
contemporary English language instruction in secondary schools. Traditional approaches, including
the Grammar—Translation Method, the Direct Method, and Communicative Language Teaching
(CLT), while foundational for language learning, often rely heavily on teacher-led instruction and
structured drills, limiting opportunities for varied engagement and active participation (Saleem &
Ozdamli, 2022). As classrooms evolve to accommodate digital tools and innovative teaching
methods, alternative approaches that integrate structured interaction with systematic instructional
design have gained prominence. Among these, gamification has emerged as a notable method for
enhancing classroom activities and learning outcomes.

The concept of gamification, first introduced by Nick Pelling in 2002, refers to “the use of
game-design elements in non-game contexts” (Dreimane, 2018; Nadi-Ravandi & Batooli, 2022).
Later conceptualizations refined this definition, with Huotari and Hamari (2017) describing
gamification as a “process of enhancing services with affordances for gameful experiences to
support users’ overall value creation.” In the context of education, gamification involves the
systematic integration of game mechanics—such as points, badges, levels, challenges, and
leaderboards—into structured classroom activities to facilitate measurable learning progress
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(Triantafyllou, Georgiadis, & Sapounidis, 2025). Unlike conventional methods that primarily
emphasize linguistic knowledge acquisition through repetitive practice or cognitive exercises,
gamification offers a methodical approach to instructional design, in which tasks are framed as
structured challenges, providing clear objectives, rules, and feedback mechanisms that support
classroom management and measurable learning outcomes (Gonzalez-Gonzalez, 2023).

While multiple instructional approaches, such as Task-Based Language Teaching (TBLT),
project-based learning, and Content and Language Integrated Learning (CLIL), have been employed
to develop language skills, these methods typically prioritize cognitive engagement through
problem-solving and communication-focused activities. Gamification, in contrast, applies a
systematic methodological framework that emphasizes task sequencing, goal-setting, and iterative
assessment, aligning instructional tasks with observable outcomes (Huotari & Hamari, 2017). This
method allows educators to plan, implement, and evaluate activities with clear procedural steps,
ensuring structured progression in learning while maintaining consistency across sessions.

The aim of this study is to examine the effectiveness of gamification as a method for
improving English language teaching and learning outcomes among secondary school students.
The specific objectives are:

1. To analyze the theoretical foundations of gamification as a
method in English language education.

2. To design and implement gamification-based classroom
activities aimed at enhancing students’ English language
skills.

3. To conduct an experimental study to evaluate the
effectiveness of gamification as a method for improving
English language proficiency in secondary school learners.

Accordingly, the research seeks to address the following question: How can gamification be
effectively implemented as a method for teaching English in secondary schools to improve learning
outcomes within structured classroom environments?

By exploring the structured application of gamification in secondary school English
classrooms, this study contributes to understanding how methodical incorporation of interactive
elements can enhance lesson design, organization, and instructional effectiveness.

LITERATURE REVIEW

Recent research has increasingly highlighted the role of gamification as a structured method
in English language instruction. Among international scholars, notable contributions have been
made by Kapp (2015), Dehghanzadeh et al. (2021), Li et al. (2022), and Wulantari et al. (2023),
whose studies emphasize the systematic incorporation of game elements—such as points, badges,
leaderboards, and challenges—into learning tasks to enhance engagement and structured
progression. These studies demonstrate that gamification can transform conventional classroom
activities into methodically designed learning experiences, where tasks are sequenced, rules are
clearly defined, and feedback mechanisms provide measurable outcomes.

Dehghanzadeh et al. (2021) conducted a systematic review examining gamification across
various educational disciplines, including English language learning. Their findings indicate that
gamified environments improve students’ task completion rates and adherence to structured
learning objectives, particularly when game elements are explicitly aligned with pedagogical aims
rather than applied solely for entertainment. Similarly, Li et al. (2022) investigated the use of
gamification-based mobile applications for English vocabulary acquisition. The study revealed that
students exposed to gamified exercises demonstrated higher retention and more consistent
engagement with instructional tasks compared to traditional drill-based methods, underscoring
the methodological advantages of integrating structured game elements into learning sequences.
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Wulantari et al. (2023) focused on gamification in English Language Teaching (ELT) and
emphasized the importance of systematic task design. Their review highlighted that features such
as leaderboards, point systems, and achievement badges can be integrated into lessons to establish
clear performance benchmarks and track learners’ progress. The authors also noted
implementation challenges, including the necessity of adequate technological infrastructure and
teacher preparation, both of which are essential for the consistent application of gamification as a
method.

The application of gamification has also been explored in the Kazakhstani educational
context. Kamaladin (2024) examined the integration of gamified activities combined with audio
content in university-level English instruction. The study demonstrated that structured gamification
facilitated measurable improvements in task completion, listening exercises, and pronunciation
accuracy. Likewise, Rzabayeva et al. (2024) investigated gamification at the secondary school level,
finding that features such as points, badges, and progress monitoring contributed to systematically
observable improvements in classroom participation and completion of assigned learning tasks.
Duisenova, Zhorabekova, and Ainabekova (2024) further confirmed that gamified lessons, when
applied with a clear methodological framework, enhanced learners’ task engagement and
promoted structured interaction among students, emphasizing the importance of balancing
competitive and collaborative elements within the instructional design.

Across both international and Kazakhstani studies, gamification is recognized not merely as
a motivational tool but as a methodical instructional approach that enables systematic task
sequencing, iterative feedback, and measurable learning outcomes. The reviewed literature
collectively demonstrates that gamification can serve as a robust methodological framework in
secondary school English education, providing clear procedures for activity design, assessment,
and instructional evaluation, thus bridging theoretical models with practical classroom
applications.

MATERIALS AND METHODS
Research Design

This study used a one-group pre-test and post-test design to evaluate the effectiveness of
gamification as a method in teaching English to secondary school students.

The same participants completed both the diagnostic (pre-test) and control (post-test)
assessments to identify differences in English language proficiency and learning engagement after
gamified instruction. Table 1 presents the structure of the research design, illustrating the stages,
descriptions, and purposes of the study.

Table 1
Research Design Structure

Stage Description Purpose
Pre-test (Diagnostic | Online testing in Google Forms | Establish baseline data
Stage) assessing English  proficiency and
engagement before gamified
instruction
Gamification Phase Implementation of English lessons | Apply instructional

using gamification-based activities | intervention
(points, badges, leaderboards)

Post-test (Control | Repeated Google Forms test with same | Measure change in
Stage) structure proficiency and
engagement
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Participants

The participants consisted of 50 students (aged 14—17 years) from a secondary school in
Almaty, Kazakhstan. All students had prior experience with traditional, teacher-centered English
instruction. Participation was voluntary and anonymous, and students were informed about the
academic purpose of the research. Table 2 summarizes the demographic profile of the participants.
Table 2
Statistical Information of Participants

Characteristic Description

Sample size 50 students

Age range 14-17 years

Educational level Secondary school

Setting Almaty, Kazakhstan
Participation Voluntary and anonymous

Materials and Instruments
1. Pre-Test (Diagnostic Stage)

At the beginning of the study, students completed an online diagnostic test administered
through Google Forms. Figure 1 illustrates the structure of the pre-test survey administered via
Google Forms, including sections for English language proficiency (reading, listening, vocabulary,
writing) and engagement/motivation.

Figure 1
Screenshot of the Google survey used in this study
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English Language Skills and Learning
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The test included two parts:

1. Language proficiency assessment, evaluating reading, listening, vocabulary, and writing
components using multiple-choice and short-response items aligned with the A2-B1 CEFR
levels.

2. Engagement and motivation questionnaire, consisting of 15 Likert-scale items designed to
assess students’ attitudes toward English learning, classroom participation, and self-reported
motivation before the gamified intervention.

The pre-test results established a baseline for subsequent comparison with post-test data.

2. Gamification-Based Instructional Materials

During the experimental phase, English lessons were redesigned to incorporate
gamification elements such as:

— Points and badges for completing tasks;

— Levels and progress bars for tracking achievements;

— Leaderboards to foster healthy competition;

i =
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— Team challenges and mini-quests promoting collaboration;
— Immediate feedback and rewards to reinforce participation.

Gamified activities included vocabulary quizzes, interactive storytelling, role-play missions,
and listening comprehension games using digital tools (e.g., Kahoot!, Quizizz, and Classcraft).

The content was aligned with the national English curriculum for secondary schools.

3. Post-Test (Control Stage)

After the instructional intervention, students completed a post-test with an identical
structure to the pre-test, also conducted via Google Forms. Figure 2 presents the post-test survey
administered at the end of the intervention.

Figure 2
Screenshot of the Google survey used in this study
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English Language Skills and Learning
Experience after Gamified Instruction

The post-test measured:
1. Students’ progress in English proficiency through comparable linguistic tasks;
2. Changes in their motivation, engagement, and perception of the gamified learning experience
using Likert-scale and open-ended items.

This stage allowed for a direct comparison of outcomes before and after the gamified

instruction.
Procedure

The study was conducted over a six-week period and consisted of three main stages:
1. Diagnostic Stage (Week 1):

Students participated in the pre-test to determine their initial English language level and
engagement. The results established a baseline dataset.
2. Gamified Instructional Stage (Weeks 2-5):

Over the next four weeks, participants were taught using gamification-based methods
integrated into regular English lessons. Each session included structured game elements such as
points, team missions, progress tracking, and feedback mechanisms. The teacher facilitated
lessons according to the designed gamification framework, ensuring consistency and alignment
with curriculum objectives.

3. Control Stage (Week 6):

At the end of the instructional period, the post-test was administered. Students’ language
proficiency and engagement data were collected and compared with pre-test results to evaluate
the effectiveness of the gamified method.

Data Collection and Analysis

Data from both stages were automatically recorded through Google Forms and exported

into Microsoft Excel for statistical analysis.
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Descriptive statistics (mean, frequency, and percentage) were used to summarize
responses. A comparative analysis between pre-test and post-test results was conducted to
determine improvement in:

— English proficiency levels;
— Student motivation and engagement indicators.

Qualitative responses from open-ended items were analyzed through content analysis,
identifying recurring themes related to students’ perceptions of gamified learning, motivational
changes, and classroom dynamics.

Ethical Considerations

Participation in the study was entirely voluntary. Students were informed of the study’s
purpose, and their anonymity was preserved throughout the process. No personal data were
collected. The research adhered to institutional ethical standards and aimed to ensure
transparency, confidentiality, and academic integrity.

RESULTS
Overview of Data Collection

A total of 50 secondary school students aged between 14 and 17 years participated in both
the pre-test and post-test stages. All participants completed the online assessments administered
through Google Forms. The collected data were analyzed quantitatively using descriptive statistics
to compare results before and after the gamification-based instruction. The comparison focused
on two key areas:

1. English language proficiency, and
2. Student engagement in the learning process.
Comparison of English Language Proficiency

The results of the English language proficiency assessment revealed substantial
improvement in students’ overall performance after gamified instruction.

As presented in Table 3, the overall mean score increased from 67.4% in the pre-test to
83.6% in the post-test, demonstrating a 16.2% improvement in English language achievement.
Table 3
Comparison of English Language Proficiency (Pre-test and Post-test)

Skill Area Pre-test Mean (%) | Post-test Mean (%) | Difference | Interpretation

Vocabulary 65.2 823 +17.1 Noticeable
improvement in
lexical range

Grammar 68.1 85.4 | +17.3 Marked progress in
sentence accuracy

Reading 69.0 84.7 | +15.7 Enhanced
comprehension and
fluency

Listening 67.3 82.1]+14.8 Greater auditory
understanding

Overall Mean 67.4 83.6 | +16.2 Significant increase

Note. Scores represent mean percentages of correct responses across four language areas.

The most notable increase was observed in grammar, which rose by 17.3% from 68.1% to
85.4%. This improvement reflects the positive influence of game-based tasks such as digital quizzes
and “grammar challenges,” where students earned points for accurate sentence construction. The
vocabulary domain also exhibited a strong increase of 17.1%, suggesting that game mechanics like
leaderboards and rewards effectively encouraged consistent participation in word-learning

activities.
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The reading skill improved by 15.7%, moving from 69.0% to 84.7%. Students’ better
comprehension may be attributed to gamified tasks involving interactive texts and time-limited
reading competitions that promoted concentration and engagement. Similarly, listening
comprehension improved from 67.3% to 82.1% (+14.8%), indicating that audio-based gamified
exercises enhanced students’ focus and accuracy when identifying spoken information.

Overall, the increase across all skill areas demonstrates that gamification contributed not
only to greater accuracy but also to sustained participation during language activities. The
structured competitive environment appeared to motivate learners to complete tasks more
diligently and to monitor their progress throughout the course.

Comparison of Student Engagement Scores

The results of the engagement questionnaire revealed a considerable increase in students’
overall involvement and interest in learning English after gamification was introduced.

As shown in Table 4, the average engagement level increased from 3.2 in the pre-test to 4.4
in the post-test on a 5-point Likert scale, reflecting a 1.2-point improvement.

Table 4
Student Engagement Levels Before and After Gamified Instruction

Engagement Pre-test Mean (1- | Post-test Mean (1— | Change Description

Indicator 5) 5)

Interest in 31 4.5 +1.4 | Students found

lessons lessons more
engaging and
meaningful

Active 3.0 4.4 +1.4 | Greater willingness to

participation respond and
contribute

Collaboration 33 4.2 +0.9 Improved
cooperation and
group interaction

Enjoyment  of 3.2 4.6 +1.4 Higher  satisfaction

activities and enjoyment of
tasks

Average 3.2 1.4 +1.2 Strong positive trend

Engagement

Note. Responses were measured on a 5-point scale (1 = strongly disagree, 5 = strongly agree).

The largest gains occurred in interest in lessons and active participation, both increasing by
1.4 points. Students reported that earning points, competing in small groups, and viewing
leaderboards made lessons more dynamic and rewarding. The enjoyment of activities indicator
also increased by 1.4 points, reflecting students’ appreciation for interactive and visually appealing
digital exercises.

The collaboration indicator showed a smaller but still meaningful rise of 0.9 points, from
3.3 to 4.2, suggesting that while competition was the main driver of motivation, teamwork and
peer assistance were also strengthened. Students reported that team-based challenges allowed
them to share knowledge, exchange strategies, and collectively achieve goals.

Collectively, these results show that gamified instruction not only enhanced academic
performance but also fostered a more positive learning atmosphere. The use of clear goals,
feedback mechanisms, and visible progress indicators provided structure and immediate
reinforcement, resulting in a higher level of classroom engagement and task completion.
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Qualitative Observations

Observational data gathered during the intervention further supported the quantitative
findings. Throughout the gamified lessons, students demonstrated increased attentiveness and
enthusiasm, often requesting additional rounds of game-based exercises. Teachers noted that even
previously passive learners became more active when participating in point-based challenges and
team competitions. Anonymous comments collected in the post-test questionnaire included
statements such as “I liked earning points for correct answers” and “The games helped me
remember words faster.”

These observations confirm that the structured use of gamification elements—such as
points, badges, and immediate feedback—created a motivating classroom environment conducive
to sustained learning and participation.

DISCUSSION

The results of this study provide clear evidence that the use of gamification as a method in
teaching English to secondary school students leads to substantial improvements in both language
proficiency and learner engagement. The overall increase in English proficiency scores from 67.4%
to 83.6% across vocabulary, grammar, reading, and listening suggests that integrating structured
game elements into lessons supports systematic learning progress. In particular, the largest gains
were observed in grammar (+17.3%) and vocabulary (+17.1%), indicating that rule-based and
reward-driven activities such as quizzes, point accumulation, and leaderboard competitions
enhance accuracy and lexical recall. These findings demonstrate that gamification, when applied
methodically, strengthens not only participation but also measurable learning outcomes.

The engagement data further reinforce this trend. Students’ average engagement score
rose from 3.2 to 4.4 on a 5-point scale, with notable increases in interest in lessons (+1.4), active
participation (+1.4), and enjoyment of activities (+1.4). These results highlight the motivational
impact of gamified instruction, which transforms routine classroom activities into interactive
challenges with immediate feedback and visible progress indicators. The smaller yet positive
increase in collaboration (+0.9) reflects the dual influence of competition and teamwork inherent
in gamified environments. Students’ qualitative feedback, describing enjoyment in earning points
and participating in class challenges, supports the quantitative results and underscores the role of
gamification in creating a dynamic, student-centered learning atmosphere.

These findings are consistent with prior international research emphasizing the educational
benefits of gamification. Kapp (2015) and Dehghanzadeh et al. (2021) both argued that game
mechanics such as points, badges, and rewards reinforce learning behaviors and sustain
engagement. Similarly, Li et al. (2022) found that gamified mobile applications enhanced
vocabulary retention and consistency in learning, mirroring the vocabulary improvement observed
in this study. Wulantari et al. (2023) highlighted the importance of structured task design in
gamification, which aligns with the present study’s results showing that goal-oriented and rule-
based activities promote better task completion and measurable skill improvement.

Research within the Kazakhstani context also supports these conclusions. Kamaladin (2024)
demonstrated that integrating gamified tasks with audio-based learning improved students’
pronunciation and listening outcomes, similar to the 14.8% improvement in listening
comprehension found in this study. Likewise, Rzabayeva et al. (2024) and Duisenova et al. (2024)
reported that gamified English lessons enhanced participation and completion of classroom tasks,
echoing the engagement results presented here. Together, these findings suggest that gamification
is not only an engaging addition to English instruction but also a valid methodological framework
capable of structuring and sustaining language learning in secondary schools.

However, certain challenges were also observed. While most students responded
positively, some required additional explanation of rules and procedures at the beginning of the
intervention, indicating that successful implementation depends on clear task design and teacher
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guidance. This observation aligns with Wulantari et al. (2023), who emphasized the need for
adequate teacher preparation and technological readiness. The experience of this study suggests
that while gamification can significantly enhance learning outcomes, its effectiveness depends on
teachers’ ability to balance competition with collaboration and ensure consistent, meaningful
feedback.

Overall, the present research contributes to the growing evidence base on gamification by
demonstrating its effectiveness within the secondary school context, an area less frequently
examined compared to higher education. The improvement in both quantitative scores and
observed classroom behavior provides strong support for gamification as a structured instructional
method that promotes linguistic development and learner engagement in a measurable,
systematic way.

CONCLUSION

This study demonstrated that gamification can serve as an effective and structured method
for teaching English to secondary school students. The one-group pre-test—post-test design
revealed clear improvements in both academic performance and classroom engagement after
gamified instruction. Students showed higher proficiency in vocabulary, grammar, reading, and
listening, along with increased interest, participation, and enjoyment during lessons. These results
confirm that when gamification is integrated with a clear methodological framework—
emphasizing goals, feedback, and progress tracking—it can substantially enhance the learning
process.

The findings also highlight the importance of thoughtful instructional design and teacher
preparation. Gamification is most effective when applied consistently and supported by digital
tools that allow for real-time feedback and visible progress. For schools, this implies the need to
train teachers not only in the technical use of gamified platforms but also in the pedagogical
strategies required to implement them effectively.

By integrating play-based mechanisms into structured learning environments, gamification
bridges the gap between enjoyment and academic rigor. It transforms traditional English
instruction into an interactive, measurable, and student-centered process. Future studies could
expand on these results by applying a controlled design with multiple groups, exploring long-term
retention effects, and assessing how gamification influences other language skills such as speaking
and writing.

Ultimately, this research confirms that gamification, when systematically applied, is not
merely a motivational tool but a robust methodological approach that supports effective, engaging,
and outcome-driven English language education in secondary schools.
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ABSTRACT

This article examines the effectiveness of the flipped classroom model in improving English
language proficiency and learning motivation among secondary school students. Grounded in
constructivist and self-determination theories, the flipped classroom reverses traditional
instruction by delivering theoretical content through digital materials outside of class and
dedicating classroom time to collaborative and communicative practice. The study involved fifty
students aged 14 to 17 who previously learned through conventional methods. Data were
collected through pre- and post-tests administered via Google Forms to measure changes in
language skills and motivation. Results revealed notable improvements in speaking, vocabulary,
and overall engagement, demonstrating that technology-supported, student-centered learning
enhances both achievement and autonomy. The findings underscore the importance of well-
structured digital instruction, teacher readiness, and equitable technological access for effective
implementation.
Keywords: flipped classroom, English language learning, secondary education, technology-
enhanced learning, student engagement

INTRODUCTION

The integration of digital technologies and learner-centered approaches has fundamentally
reshaped contemporary English as a Foreign Language (EFL) instruction. Traditional teacher-led
classrooms, while effective for foundational grammar and vocabulary learning, often limit student
participation and higher-order thinking (Lo & Hew, 2017). As education increasingly values
autonomy and active engagement, alternative instructional models have emerged to foster deeper
learning and communicative competence. Among the most prominent are blended learning,
project-based learning, problem-based learning, task-based language teaching (TBLT), and the
flipped classroom model (FCM) (Ellis, 2017; Zainuddin & Perera, 2019). Each seeks to transform
students from passive recipients of information into active constructors of knowledge.

The flipped classroom, first conceptualized by Jonathan Bergmann and Aaron Sams (2012),
reverses the traditional sequence of instruction: theoretical input is delivered outside the
classroom—commonly through videos or digital materials—while in-class time is devoted to
collaborative practice, problem-solving, and teacher-guided feedback. According to Bishop and
Verleger (2013), the flipped model is “a pedagogical approach in which direct instruction moves
from the group learning space to the individual learning space, transforming class time into an
interactive, student-centered environment” (p. 5). Grounded in constructivist, cognitive load, and
self-determination theories, this approach supports individualized pacing and enhances motivation
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through autonomy and interaction (Zainuddin & Halili, 2016; Wagner, Gegenfurtner, & Urhahne,

2025).

While a variety of instructional approaches exist in language education—such as the
Grammar—Translation Method, the Direct Method, Communicative Language Teaching (CLT), and
Task-Based Language Teaching (TBLT)—the flipped classroom uniquely combines pre-class
independent preparation with in-class communicative application (Aygicek & Yanpar Yelken, 2018;
Webb & Doman, 2020). This integration aligns particularly well with EFL instruction, where
exposure and interaction are key to developing linguistic competence. Unlike traditional methods
emphasizing rote memorization or isolated grammar drills, the flipped model encourages learners
to apply linguistic knowledge in authentic contexts, promoting both accuracy and fluency.

Empirical studies since 2015 have provided evidence that the flipped classroom can
enhance students’ engagement, motivation, and academic achievement (Hung, 2017; Zainuddin &
Perera, 2019). However, recent meta-analytic findings reveal that its overall effectiveness varies
depending on instructional quality, learner readiness, and teacher facilitation (Wagner et al., 2025).
Furthermore, research on the flipped model has predominantly focused on tertiary education,
leaving a gap regarding its outcomes in secondary school EFL settings, where learners differ in
developmental, motivational, and self-regulatory capacities (Lo & Hew, 2017). Understanding how
the flipped approach functions in this context is therefore essential for guiding pedagogical
decisions at the secondary level.

The present study aims to examine the effectiveness of the flipped classroom model in
teaching English in secondary schools. Its specific objectives are to:

1. To examine the theoretical foundations of the flipped classroom model in secondary school
English education.

2. To design and implement flipped classroom activities aimed at enhancing students’ English
language achievement and engagement.

3. To conduct an experimental study to evaluate the effectiveness of the flipped classroom in
promoting students’ academic performance, engagement, and self-regulated learning
behaviors.

Accordingly, this study addresses the following research question: How does the flipped
classroom model affect secondary school students’ English language achievement and
engagement compared to traditional teacher-centered instruction?

By redefining the interaction between teachers and learners through technology-enhanced
instruction, the flipped classroom model offers a significant advancement in modern pedagogy.
Examining its effectiveness in secondary school English education is essential for connecting
theoretical promise with classroom practice and for advancing evidence-based approaches that
promote deeper learning and sustained student engagement.

LITERATURE REVIEW

Among contemporary scholars who have examined the flipped classroom model (FCM) in
English language education, researchers such as Aycicek and Yanpar Yelken (2018), Hung (2017),
Webb and Doman (2020), Zainuddin and Perera (2019), and Wagner, Gegenfurtner, and Urhahne
(2025) have made significant contributions to understanding its pedagogical value and limitations.
The flipped classroom has emerged as a leading model of technology-enhanced instruction,
reshaping how learners engage with content and how teachers facilitate learning. Instead of
introducing new material during class, teachers deliver core content beforehand—typically
through pre-recorded lectures or online materials—allowing classroom time to focus on
interaction, feedback, and the application of knowledge.

The concept of the flipped classroom was popularized by Jonathan Bergmann and Aaron
Sams (2012), who sought to address time constraints and improve student participation by
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reversing the traditional learning process. This approach aligns with constructivist principles,
emphasizing that learning occurs through active engagement rather than passive reception (Bishop
& Verleger, 2013). In language learning contexts, particularly in English as a Foreign Language (EFL)
classrooms, the FCM provides students with opportunities to process linguistic input at their own
pace and to apply it communicatively in the classroom, thereby improving both accuracy and
fluency (Zainuddin & Halili, 2016; Webb & Doman, 2020).

Aycicek and Yanpar Yelken (2018) conducted an experimental study examining how the
flipped classroom influences secondary school students’ classroom engagement in teaching
English. Over a semester, one group of students was taught using the FCM, while a control group
continued with traditional instruction. The results demonstrated that students in the flipped
classroom showed higher levels of behavioral, cognitive, and affective engagement. They
participated more actively, collaborated more effectively, and reported greater enjoyment of
learning. These findings underscore the model’s ability to transform classroom dynamics by
granting students more responsibility for their learning while allowing teachers to act as facilitators
rather than lecturers.

Similarly, Hung (2017) redesigned an English language course through a flipped approach
and found improvements in students’ learning motivation and self-regulated learning behaviors.
The study highlighted that the FCM helps learners develop autonomy by giving them control over
the timing and pace of initial instruction. However, Hung also noted that the success of the model
depends heavily on students’ preparedness and teachers’ skill in designing meaningful in-class
activities that connect pre-class content to practical application.

A comprehensive review by Webb and Doman (2020) synthesized findings from multiple
studies on flipped classrooms in EFL contexts. The authors concluded that the FCM consistently
enhances learners’ motivation, communication skills, and linguistic competence. However, they
emphasized that effectiveness varies according to implementation quality. Poorly structured
materials or insufficient teacher guidance may lead to student frustration or superficial
engagement. The study recommended that teachers integrate formative assessments, group
discussions, and feedback sessions to ensure that flipped activities remain interactive and
cognitively demanding.

Expanding this perspective, Zainuddin and Perera (2019) explored how the flipped
classroom supports students’ psychological needs based on Self-Determination Theory. Their study
found that the FCM promotes competence, autonomy, and relatedness—three fundamental
elements for intrinsic motivation and sustained engagement. When students are empowered to
learn at their own pace and collaborate meaningfully with peers, they develop stronger confidence
and persistence in language learning.

From a broader perspective, Wagner, Gegenfurtner, and Urhahne (2025) conducted a meta-
analysis synthesizing the effectiveness of flipped classrooms across multiple disciplines and
educational levels. Their results confirmed that while the FCM produces overall positive effects on
academic performance and engagement, the effect sizes are typically moderate. The authors
attributed these variations to contextual factors such as instructional design quality, student self-
regulation, and teacher facilitation.

The reviewed studies collectively demonstrate that the flipped classroom model transforms
English instruction by integrating digital technology, student autonomy, and interactive learning. It
allows students to master foundational concepts independently and apply them collaboratively
during class, fostering communication, creativity, and confidence.
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METHODS
Research Design

This study employed a one-group pretest—posttest quasi-experimental design to examine
the effectiveness of the flipped classroom model (FCM) in teaching English to secondary school
students. The design was selected to measure changes in students’ English proficiency and
motivation before and after exposure to the flipped classroom method. The independent variable
was the implementation of the flipped classroom model, and the dependent variables were
students’ English language achievement and learning motivation. Table 1 presents the structure of
the research design.

Table 1.
Structure of the One-Group Pretest—Posttest Design
Phase Description Instruments Purpose
Pre-test Assessment of students’ baseline | Google Forms | To establish initial

English proficiency and | questionnaire and | levels
motivation before intervention English skills test
Intervention | Implementation  of  flipped | Video lectures, online | To apply the

classroom lessons (6 weeks) materials, in-class | flipped model
communicative activities
Post-test Assessment of English | Google Forms post-test | To evaluate
proficiency and motivation after changes and
intervention effectiveness

The flipped classroom model was introduced as a teaching innovation that reverses the
traditional learning order: students received theoretical materials before class through videos and
online exercises, and class time was devoted to communicative, collaborative, and feedback-based
learning activities.

Participants

The study involved 50 students (aged 14-17) from a secondary school in Almaty,
Kazakhstan. All participants had previously studied English through traditional teacher-centered
instruction. The group included both male and female students, and participation was voluntary.
Parental consent and administrative approval were obtained before data collection. Table 2
summarizes the demographic profile of the participants.

Table 2.
Demographic Characteristics of Participants (N = 50)

Variable Category Frequency Percentage
Gender Male 22 44%
Female 28 56%
Age 14 10 20%
15 14 28%
16 16 32%
17 10 20%
Previous Learning Method | Traditional (teacher-centered) 50 100%

All participants had at least three years of prior English study, primarily focused on grammar
and reading comprehension.
Instruments
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Data were collected using three main instruments, all administered digitally via Google

Forms:
1. English Language Skills Test — measured students’ proficiency in reading, listening, writing,

speaking (self-assessment), and vocabulary. Each skill was rated on a 5-point Likert scale
ranging from Strongly Disagree (1) to Strongly Agree (5).
Motivation and Engagement Questionnaire — assessed students’ interest, confidence, and
engagement in English learning. It included items such as “I feel motivated to participate in
English lessons” and “I enjoy using technology in learning.”
Post-Test Survey — parallel in structure to the pre-test but focused on perceived improvement
and experience with the flipped classroom.

Both the pre-test and post-test contained 20 items, divided into four sections: General

Information, English Skills, Motivation and Engagement, and Reflection. Table 3 outlines the

structure of the survey instruments.

Table 3.

Structure of Pre- and Post-Test Instruments

Section Focus Number of Items | Example Item

1. General | Demographic and 4 “How many vyears have

Information background info you been learning

English?”

2. English Skills Self-assessment of 5 “I can express my ideas in
reading, writing, speaking, English during  class
listening, and vocabulary discussions.”

3. Motivation & | Interest, confidence, and 6 “I enjoy learning English

Engagement participation through online videos and

tasks.”

4. Reflection Learners’” opinions and 5 “What activities help you
gualitative feedback learn English better?”

Reliability of the questionnaire was established through pilot testing (Cronbach’s a = .87),

indicating acceptable internal consistency.
Procedure

The research was conducted over six weeks during the 2024—-2025 academic year at a local

secondary school. The procedure consisted of three main stages:
1. Pre-test stage (Week 1): Students completed the English proficiency and motivation

guestionnaire using Google Forms. This established their baseline performance and attitudes
toward English learning. Figure 1 illustrates the structure and content layout of the first survey
instrument used in this stage, showing how guestions were designed to measure students’
language skills, engagement, and motivational levels prior to the flipped classroom
intervention.
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Figure 1.
Screenshot of the Google survey No1 used in this study

English Language Skills and Learning
Engagement

2. Flipped classroom implementation (Weeks 2—6):

— Students were provided with video lectures, online grammar lessons, and short readings
before class.

— In class, they worked collaboratively on communicative activities, problem-solving tasks, and
teacher-guided discussions.

— The teacher’s role shifted from lecturer to facilitator, offering feedback and guidance based on
students’ pre-class preparation.

3. Post-test stage (Week 6): After completing the flipped classroom lessons, students took the
same questionnaire to assess changes in skills and motivation. Qualitative reflections were also
collected for deeper insight. Figure 2 presents the design of the post-test Google Form used in
this phase, illustrating how identical items were employed to ensure consistency in measuring
progress while also including open-ended questions for qualitative feedback.

Figure 2.
Screenshot of the Google survey No2 used in this study
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English Language Skills and Motivation after
the Flipped Classroom
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Table 4.
Summary of the Research Procedure

Stage Description Duration Purpose

Pre-test Assessment of baseline English 1 week Measure initial levels
proficiency and motivation

Flipped Classroom | Online learning + interactive class 5 weeks Introduce flipped

Implementation sessions instruction

Post-test Assessment after intervention 1 week Evaluate improvement

All materials were stored securely, and participants were informed of their right to
withdraw at any point without penalty. Table 4 summarizes the main steps of the procedure.
Data Analysis

Data from pre- and post-tests were analyzed using SPSS (Statistical Package for the Social
Sciences). The following statistical procedures were applied:

— Descriptive statistics (means, standard deviations, and percentages) to summarize pre-test and
post-test results.

— Paired-sample t-test to determine whether there was a statistically significant difference
between pre- and post-test scores for English proficiency and motivation.

— Qualitative responses from open-ended questions were analyzed through thematic coding,
identifying recurring patterns in students’ perceptions of the flipped classroom.

A significance level of p < .05 was used to determine statistical relevance.

Ethical Considerations

All ethical guidelines were followed. Participation was voluntary, with informed consent
obtained from both students and parents. Personal data were anonymized, and the study was
approved by the school’s administration.

RESULTS

This section presents the results of the pre-test and post-test analyses aimed at evaluating
the effectiveness of the flipped classroom model (FCM) in improving secondary school students’
English language proficiency and learning motivation. The analysis included descriptive statistics to
illustrate general trends and paired-sample t-tests to determine whether observed differences
were statistically significant.
Descriptive Statistics

Descriptive statistics were computed to compare students’ English language skills and
motivation before and after the implementation of the flipped classroom. Table 5 displays the
means and standard deviations for each measured variable.

Table 5.
Descriptive Statistics for English Language Skills and Motivation (N = 50)

Variable Pre-Test M (SD) | Post-Test M (SD) | Mean Difference Improvement (%)
Reading 3.12 (0.74) 3.96 (0.63) +0.84 26.9%
Listening 3.25(0.69) 4.02 (0.61) +0.77 23.7%
Speaking 2.98 (0.81) 3.88(0.72) +0.90 30.2%
Writing 3.10(0.75) 3.91 (0.66) +0.81 26.1%
Vocabulary 3.05 (0.68) 3.95(0.59) +0.90 29.5%
Motivation 3.20(0.70) 4.10 (0.65) +0.90 28.1%

The descriptive results indicated increases across all measured domains, with the highest
gains in speaking, vocabulary, and motivation.
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Paired-Sample t-Test Results

A paired-sample t-test was conducted to determine whether the differences between pre-
test and post-test means were statistically significant. As shown in Table 6, all improvements were
statistically significant at the p < .05 level.

Table 6.
Paired-Sample t-Test Results for Pre- and Post-Test Scores

Variable t df p-value Significance
Reading 6.42 49 <.001 Significant
Listening 5.98 49 <.001 Significant
Speaking 7.25 49 <.001 Significant
Writing 6.71 49 <.001 Significant
Vocabulary 7.10 49 <.001 Significant
Motivation 7.85 49 <.001 Significant

The results revealed statistically significant gains in all measured aspects of English
language performance and motivation following the flipped classroom intervention.
Qualitative Findings

Open-ended responses from the post-test survey were analyzed thematically to identify
students’ perceptions of the flipped classroom experience. Thematic analysis revealed several
recurring patterns reflecting both benefits and challenges.

Table 7.
Themes Identified from Students’ Open-Ended Responses (Post-Test)

confidence

comfortable expressing themselves in
English.

Theme Description Example Student Comment

Increased Students  found lessons more | “I liked watching short videos

motivation enjoyable and engaging due to video- | before class—it made the lessons
based materials and interactive | more fun and easy to
activities. understand.”

Improved speaking | Learners reported feeling more | “Now I'm not afraid to speak

English in front of others during
class.”

Flexible learning

Students appreciated the opportunity
to learn at their own pace and revisit
online materials.

“If Ididn’t understand something,
| could watch the video again
before the lesson.”

Collaboration and | Group activities helped strengthen | “We  worked more  with
interaction peer relationships and improve | classmates and helped each
communication skills. other with English tasks.”
Technical A few students noted challenges with | “Sometimes it was hard to watch
limitations internet access and device availability. | videos at home because of slow
internet.”
DISCUSSION

This study provides clear evidence of the positive impact of the flipped classroom model
on secondary school students’ English language proficiency and learning motivation. The findings
demonstrate notable improvement across all examined areas. Students’ speaking performance
showed an increase of about 30 %, vocabulary improved by nearly 30 %, and learning motivation
rose by around 28 %. Reading, writing, and listening skills also recorded steady progress, ranging
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between 24% and 27 %. These gains collectively suggest that the flipped classroom approach
fosters both linguistic competence and engagement by promoting active participation and learner
autonomy.

The substantial enhancement in speaking skills aligns with previous research by Aycicek and
Yanpar Yelken (2018), who reported that flipped classrooms create more opportunities for oral
communication and peer interaction. By allowing students to review instructional materials before
class, they come better prepared for communicative tasks, which strengthens confidence and
fluency during in-class discussions. Similarly, the growth in vocabulary knowledge corresponds
with the findings of Hung (2017), who emphasized that pre-class exposure to multimedia resources
enables learners to process and retain new lexical items more effectively.

An important outcome of this research is the notable increase in student motivation. This
supports the perspective of Zainuddin and Perera (2019), who argued that flipped learning satisfies
learners’ psychological needs for autonomy, competence, and relatedness as described by Self-
Determination Theory. When students are given control over the pace and timing of their learning
and later apply that knowledge collaboratively in class, they demonstrate greater intrinsic
motivation and persistence.

However, qualitative responses indicate that certain challenges remain. Some students
noted difficulties related to limited internet access and time management, confirming earlier
concerns raised by Lo and Hew (2017) about the dependence of flipped instruction on digital
readiness and self-regulatory ability. Despite these issues, the majority of learners perceived the
flipped classroom as more interactive, enjoyable, and beneficial for improving their language skills.
These findings collectively reaffirm that, when appropriately implemented, the flipped classroom
model can bridge the gap between traditional instruction and modern, student-centered
pedagogies in English language education.

CONCLUSION

The flipped classroom model has proven to be an effective and motivating approach for
teaching English in secondary school settings. By shifting theoretical instruction to pre-class digital
learning and dedicating class time to practice, collaboration, and feedback, this method
encourages active participation and greater learner autonomy. The study’s results confirm that
integrating technology-enhanced, student-centered instruction leads to measurable gains in
English proficiency and motivation.

Nevertheless, successful implementation depends on several key factors, including
teachers’ digital competence, careful lesson planning, and equitable access to technological
resources. Schools should invest in professional development programs that train educators to
design and manage flipped lessons effectively. When applied thoughtfully, the flipped classroom
not only improves students’ academic performance but also nurtures essential 21st-century skills
such as self-regulation, communication, and critical thinking — preparing learners for lifelong
success in language learning and beyond.
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Abstract

The article examines the phenomenon of digital transformation in education as a global
and systemic process that significantly changes the way teaching, learning, and educational
management are organized. It highlights the key aspects of digitalization such as artificial
intelligence, e-learning platforms, and data-driven approaches. The authors analyze opportunities
and challenges that educational institutions face in adapting to the digital era, emphasizing the
importance of developing digital competence among teachers and students. The study also
discusses Kazakhstan’s experience in integrating digital tools into higher education, underlining
the role of government initiatives and the readiness of educators to adapt to innovative models
of teaching.

Keywords: digital transformation, education, innovation, e-learning, teacher competence, digital
literacy, educational management.

Introduction

In the 21st century, the digital transformation of education has become one of the defining
trends of global development. It is not only a technological modernization of educational systems
but also a transformation of values, pedagogical methods, and communication between teachers
and learners. The integration of digital technologies into education has made learning more
personalized, flexible, and accessible.

According to the World Economic Forum (2023), digital transformation is among the
primary drivers of sustainable development and competitiveness in the educational and
professional sectors. The COVID-19 pandemic accelerated this process by forcing educational
institutions worldwide to shift to remote learning formats. This transition revealed both the
strengths and weaknesses of digital readiness among teachers and students.

In Kazakhstan, the digital transformation of education has gained special attention at the
state level. The Ministry of Science and Higher Education of the Republic of Kazakhstan has been
implementing initiatives to improve digital infrastructure, develop digital platforms, and enhance
the digital competencies of teachers. The national project “Digital Kazakhstan” (2018-2025) plays
a significant role in ensuring that digital tools are effectively integrated into all levels of the
education system.
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Literature Review

Digital transformation in education has been extensively studied in international research.
According to Heick (2021), it is not limited to the use of technology but implies a cultural and
organizational shift that redefines the entire educational ecosystem. Selwyn (2019) emphasizes
that technology should serve human-centered education, promoting interaction, critical thinking,
and creativity rather than mere automation of learning.

Internationally, researchers such as Fullan (2020) and Prensky (2010) have examined how
digital natives and digital immigrants adapt differently to technological changes. They stress the
importance of integrating pedagogy, content, and technology — known as the TPACK framework
(Mishra & Koehler, 2006) — to ensure that digital tools genuinely enhance learning outcomes.

Kazakhstani scholars, including Kenzhegalieva (2022) and Altynbekov (2021), note that
digital technologies help overcome inequalities between urban and rural schools, providing
broader access to quality education. Moreover, the digitalization of universities contributes to
academic mobility, online collaboration, and international partnerships. Studies show that the
hybrid and blended learning formats adopted by many Kazakhstani universities after 2020 have
improved students’ motivation and independent learning skills.

Methods

The methodological basis of this study includes a systematic review of scientific
publications, reports, and policy documents on digital education. Comparative analysis was used
to identify similarities and differences between global and Kazakhstani approaches to digital
transformation. Additionally, content analysis of the “Digital Kazakhstan” program and strategic
plans of Kazakhstani universities was conducted to determine the national priorities in digital
education.

The study also relies on analytical and descriptive methods to evaluate the implementation
of Learning Management Systems (LMS), online platforms, and digital assessment tools in higher
education institutions. The emphasis is placed on the role of teacher competence, digital literacy,
and the availability of technological infrastructure.

Results and Discussion

Digital transformation provides numerous advantages that redefine the structure and
purpose of education.

1. Improved Accessibility.

Digital platforms enable students from remote regions to access quality educational
resources. Online courses and open educational platforms such as Coursera, EdX, and
Kazakhstan’s national portals have created new opportunities for lifelong learning. For example,
during the pandemic, over 70% of Kazakhstani students used LMS systems such as Moodle and
Platonus for distance learning (Ministry of Digital Development, 2023).

2. Personalized Learning.

Artificial intelligence and adaptive technologies allow teachers to create individualized
learning paths. Algorithms can track students’ progress and recommend materials suited to their
needs. This approach increases engagement and reduces dropout rates.
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3. Data-Driven Management.

The use of big data in education allows administrators to make evidence-based decisions,
predict student performance, and evaluate program effectiveness. Universities can now manage
resources more efficiently and ensure transparency in evaluation.

Despite these advantages, several challenges remain. The digital divide continues to affect
educational equality — rural schools and smaller universities often lack sufficient technical
infrastructure. Many teachers experience psychological resistance or methodological difficulties
when using ICT tools. The issue of digital ethics and data privacy also demands attention.

The teacher’s role remains central in the digital era. As UNESCO (2022) notes, digital
competence is now a vital component of professional development. Teachers must not only know
how to use technology but also understand its pedagogical purpose, ensuring that technology
supports — not replaces — human interaction.

In Kazakhstan’s higher education system, progress is evident. Many universities are
implementing hybrid learning, digital libraries, and virtual laboratories. The International
University of Tourism and Hospitality, for instance, uses digital platforms for language learning,
virtual tourism simulation, and student assessment. These initiatives enhance interactivity and
develop students’ digital and professional skills simultaneously.

Recommendations

1. Professional Development: Continuous teacher training programs focused on
digital pedagogy and technological ethics should be institutionalized.

2. Infrastructure Investment: Universities must modernize digital infrastructure and
ensure stable access to online platforms for all students.

3. Curriculum Modernization: Educational programs should integrate modules on
digital literacy, data analytics, and online collaboration.

4, Research and Innovation: Encourage interdisciplinary research projects that
explore the intersection of technology, pedagogy, and student well-being.

5. Ethical Standards: Develop national guidelines for the ethical use of Al, data

protection, and academic integrity in digital environments.
Conclusion

Digital transformation in education is an inevitable and ongoing process that redefines the
entire educational ecosystem. It requires not only technological readiness but also psychological,
organizational, and cultural adaptation. For sustainable progress, it is essential to maintain a
balance between innovation and humanism — ensuring that technology serves education, not the
other way around.

Kazakhstan demonstrates positive dynamics in this area. Through state initiatives and
university-level reforms, the country is creating an environment where digital skills, creativity, and
critical thinking become key competencies of the 21st century. The next step involves deepening
collaboration between government, educators, and technology developers to ensure that digital
transformation leads to inclusive, ethical, and high-quality education.
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ABSTRACT

This article investigates the effectiveness of Project-Based Learning (PBL) in improving
speaking skills among secondary school students learning English as a foreign language. The study
draws on constructivist and sociocultural principles emphasizing collaborative learning and real-
world communication. Fifty-two students aged 13-16 from a secondary school in Almaty
participated in a six-week intervention in which speaking-centered projects were integrated into
English lessons. Data were collected through pre- and post-intervention questionnaires, peer-
assessment rubrics, and teacher observation checklists. Results demonstrated significant
improvement in students’ speaking fluency, vocabulary range, and confidence, along with
increased motivation and participation. The findings support the implementation of PBL as an
effective instructional method for fostering oral communication skills in EFL classrooms.
KEY WORDS:

Project-based learning, speaking skills, secondary education, communicative competence,
student motivation.

INTRODUCTION

Project-Based Learning (PBL) is an instructional approach that engages students in
meaningful projects designed to solve real-world problems and apply knowledge in authentic
contexts. Rooted in the constructivist theories of John Dewey and Lev Vygotsky, it is based on the
idea that learning is most effective when students actively construct understanding through
experience and reflection. Instead of memorizing vocabulary or grammar rules in isolation,
learners acquire language naturally as they collaborate, create, and communicate to achieve
project goals. PBL thus transforms the classroom into a space where language serves as a practical
tool for inquiry, expression, and cooperation.

In practice, project-based learning involves organizing instruction around complex, engaging
tasks that require communication, research, and problem-solving. For example, students in an
English lesson may design a school magazine, conduct surveys, or prepare a cultural
presentation—all in the target language. During these activities, learners practice using English for
genuine communication, and the teacher provides guidance, resources, and constructive feedback
to help them progress. As students take more responsibility for their work, they gradually become
more confident, autonomous speakers capable of expressing their ideas clearly and creatively.

PBL is particularly beneficial for language learners who often lack authentic opportunities to
use English meaningfully. Traditional instruction typically emphasizes accuracy and written
exercises, which limits students’ ability to communicate spontaneously. Through collaborative
projects, learners are encouraged to express opinions, negotiate meaning, and adapt language to
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different audiences and purposes. These authentic interactions not only enhance fluency and
accuracy but also foster motivation, teamwork, and a sense of achievement, which are essential
for long-term language development.

The effectiveness of PBL depends on how well teachers balance structure and flexibility.
Providing too much control can limit creativity, while insufficient guidance may cause confusion.
Successful implementation requires thoughtful task design, clear learning goals, and ongoing
support that helps students manage their roles and responsibilities within a group. When used
effectively, PBL creates a supportive environment that promotes communication, critical thinking,
and self-directed learning.

In recent years, project-based learning has become a central component of communicative
and competency-based language education. Grounded in social constructivist principles, it
develops both linguistic and 21st-century skills such as collaboration, creativity, and problem-
solving. According to Bell (2010) and Thomas (2000), PBL increases learner engagement and
encourages the practical use of language in realistic contexts. Similarly, Stoller (2006) and Beckett
and Slater (2005) highlight that project work allows students to integrate language skills while
gaining confidence and communicative competence.

As educational research continues to promote active, learner-centered methodologies, PBL
offers strong potential for improving speaking proficiency in foreign language classrooms. Because
it can be adapted to various age groups, proficiency levels, and learning settings, it represents a
flexible and effective approach for developing oral communication skills. Understanding its role in
fostering speaking ability is therefore vital for educators striving to create interactive learning
environments where students can use English confidently and purposefully.

This study aims to evaluate the implementation and effectiveness of project-based learning
in developing speaking skills among secondary school students learning English as a foreign
language.

The objectives of this study are:

1. To analyze the theoretical foundations of project-based learning as a method for
developing students’ speaking skills in foreign language instruction.
2. To design and implement project-based classroom activities aimed at enhancing students’
fluency, accuracy, pronunciation, and vocabulary in speaking.
3. To conduct an experimental study to evaluate the effectiveness of project-based learning
in improving secondary school students’ speaking performance and motivation.
The central research question guiding this study is:
How does project-based learning contribute to the development of speaking skills among
secondary school students learning English as a foreign language?

LITERATURE REVIEW

Numerous researchers, including Thomas (2000), Bell (2010), Beckett and Slater (2005),
Fragoulis (2009), and Stoller (2006), have contributed to understanding the effectiveness of
project-based learning in language education and communicative skill development.

Project-based learning extends beyond language teaching—it has been widely applied across
disciplines such as science, mathematics, and social studies. However, in the context of language
education, PBL holds particular promise because it integrates linguistic practice with meaningful
communication. Through projects, learners use language purposefully—to research, discuss,
collaborate, and present—helping them internalize language functions and structures in context.

Thomas (2000) emphasized that PBL promotes the integration of content knowledge and
language use through complex, sustained inquiry. Bell (2010) added that project-based learning
develops critical thinking, creativity, and collaboration, aligning with the core goals of
communicative competence. Similarly, Stoller (2006) argued that project work bridges the gap
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between classroom instruction and real-life communication, offering learners meaningful
opportunities to use English beyond textbook exercises.

Research by Beckett and Slater (2005) revealed that PBL fosters learner autonomy and
intrinsic motivation in EFL classrooms. Their findings showed that students engaged in project work
demonstrated increased confidence in speaking and a stronger sense of responsibility for their
learning. Fragoulis (2009) further confirmed these findings in a study with Greek secondary
students, where PBL activities enhanced fluency, vocabulary use, and willingness to communicate
compared to traditional teaching approaches.

Moss and Van Duzer (1998) and Nguyen (2020) explored the challenges teachers face in
implementing PBL, such as time constraints, large class sizes, and difficulties in assessing oral
performance. Despite these challenges, both studies concluded that with proper planning,
training, and administrative support, PBL can significantly enhance language proficiency and
learner engagement.

In Asian EFL contexts, Simpson (2011) and Le and Pham (2019) demonstrated that project-
based activities—such as debates, interviews, and multimedia projects—encourage learners to use
English communicatively and creatively. These studies highlighted the importance of connecting
project themes to students’ interests and cultural backgrounds to maximize motivation and
relevance.

Overall, the literature demonstrates that PBL effectively supports the development of
speaking skills by creating authentic, communicative environments where learners engage in
meaningful interaction. Nevertheless, there remains a need for further research into how PBL
functions within secondary school contexts, particularly in exam-oriented educational systems.
This study seeks to address this gap by investigating how project-based learning can be
implemented to enhance oral proficiency among secondary school students learning English as a
foreign language.

MATERIALS AND METHODS

A one-group pretest—posttest quasi-experimental design was used to examine the
effectiveness of project-based learning in developing speaking skills. PBL lessons were
implemented for six weeks. The independent variable was the PBL intervention; dependent
variables were speaking fluency, accuracy, vocabulary, pronunciation, and motivation.

Table 1
Structure of the Research Design
Phase Description Instruments Purpose
Pre-test Initial assessment of  Google Forms Establish baseline
speaking skills & guestionnaire;
motivation speaking rubric
Intervention Six-week PBL Project tasks, group  Improve speaking
program work, presentations  performance
Post-test Final assessment Same questionnaire  Measure
& rubric improvement

The study involved 52 secondary school students from a public school in Almaty, Kazakhstan.
Ages ranged from 13 to 16. Participation was voluntary; parents and school administrators
approved the study.
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Table 2
Participant Demographics (N = 52)
Variable Category n %
Gender Male 24 46%
Female 28 54%
Age 13 12 23%
14 18 35%
15 14 27%
16 8 15%
ot el

As illustrated in Table 2, participants represented a balanced gender distribution and a range
of early teenage ages, all having prior experience with traditional English instruction.

Table 3
Instruments

Instrument Purpose Example Item

“I can speak spontaneously
during class discussions.”

Self-assessment speaking

. : . Evaluate speakin
questionnaire (20 items, P g

confidence, fluency, accuracy

Likert 1-5)

Peer-evaluation rubric Ass.ess speaking during My part.ner spo’l’<e clearly
projects and confidently.

Teacher observation Fluency, pronunciation,

. Track perf ki L
checklist rack perrormance weekly vocabulary, participation
1-minute individual mini-

presentation

Short recorded speaking task  Pre/Post comparison

Reliability: Cronbach’s a = .88

Table 4
Procedure
Stage Activities Duration
1o
Pre-test Survey + 1-minute recorded Week 1
speech
PBL Implementation Collaborative prOJects.(radlo Weeks 7-6
show, surveys, magazine,
role-plays)
Post-test Same survey + final Week 6

presentation
The pre-test stage included an online speaking self-assessment and a short recorded speech
to evaluate baseline performance.




I Proceedings of the 11th International Scientific Conference

Figure 1
Screenshot of the Goog/e survey used in this study
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THE ROLE OF PROJECT-BASED LEARNING IN
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SCHOOL STUDENTS
Data Analysis

e Descriptive statistics (mean gain scores)
e Paired-sample t-test (p < .05 significance)
e Thematic coding of student reflections

RESULTS
Descriptive Results

Table 5

Pre- and Post-Test Scores (N = 52)
Skill Pre-test M (SD)  Post-test M (SD) A Improvement %
Fluency 2.95 (.71) 3.92 (.65) +0.97 32.9%
Accuracy 3.02 (.69) 3.85 (.60) +0.83 27.4%
Vocabulary 2.88(.75) 3.90 (.62) +1.02 35.4%
Pronunciation 3.10(.72) 3.84 (.59) +0.74 23.9%
Motivation 3.18 (.70) 4.05 (.63) +0.87 27.3%

Speaking gains were strongest in vocabulary and fluency.

Table 6

Paired-Sample t-Test
Variable t df P Result
Speaking total 8.12 51 <.001 Significant
Motivation 7.48 51 <.001 Significant

Both overall speaking performance and motivation improved significantly after the PBL
intervention (p < .05).
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Table 7
Qualitative Findings
Themes from student reflections:

Theme Example comment
Higher motivation “Projects made English fun and meaningful.”
Confidence in speaking “I am not afraid to speak anymore.”

. “We used English to interview students. It felt
Real communication

real.”
“"
. Group work helped me learn from

Collaboration P ” P

classmates.

“Sometimes group members worked
Challenges )

unevenly.

Themes were identified through thematic analysis of students’ post-intervention reflections.

DISCUSSION

The findings of this study provide empirical evidence on the effectiveness of project-based
learning in enhancing speaking proficiency among secondary school students. Quantitative results
demonstrated notable improvement across all measured speaking components, with the greatest
gains observed in vocabulary (+35.4%) and fluency (+32.9%). Pronunciation (+23.9%) and accuracy
(+27.4%) also showed measurable increases, while motivation improved by 27.3%. These
outcomes suggest that structured project-based tasks created a conducive environment for
meaningful language use, encouraging learners to apply lexical and grammatical knowledge in
communicative contexts and gradually increasing confidence in oral expression.

Student reflections further supported these results, indicating heightened motivation,
reduced speaking anxiety, and increased engagement in collaborative work. Learners emphasized
that real communicative tasks, such as interviews and presentations, encouraged them to speak
more actively and authentically. At the same time, some students reported challenges related to
uneven group participation and time-management, suggesting that teacher guidance remains
essential for maintaining productive collaboration and task distribution.

These results align with existing literature confirming the positive role of PBL in developing
communicative competence. Bell (2010) and Stoller (2006) found that authentic, student-centered
tasks enhance language fluency and communication skills, which corresponds with the substantial
gains in fluency and vocabulary observed in this study. Beckett and Slater (2005) and Fragoulis
(2009) also noted increases in learner autonomy and confidence, consistent with students’
reported willingness to speak more freely. Similarly, Nguyen (2020) emphasized the motivational
benefits of collaborative, project-oriented instruction, a finding reflected in this study’s motivation
gains.

At the same time, the challenges identified here correspond with the concerns highlighted
by Moss and Van Duzer (1998), particularly regarding uneven workload distribution and increased
planning demands. These parallel observations suggest that while PBL is effective, successful
implementation requires clear role distribution, scaffolding, and time management strategies.

Collectively, these findings reinforce the pedagogical value of project-based learning in EFL
settings, demonstrating that it not only improves linguistic outcomes but also fosters motivation,
collaboration, and communicative confidence. At the same time, the results indicate the need for
structured teacher facilitation and organizational support to address practical challenges and

optimize student participation.
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CONCLUSION

This study examined the impact of project-based learning (PBL) on the development of
speaking skills among secondary school students learning English as a foreign language. The
findings demonstrated significant improvement in all assessed components of oral proficiency—
particularly in fluency and vocabulary—as well as a notable increase in learners” motivation and
confidence. These outcomes confirm that PBL provides an effective framework for promoting
active communication and meaningful language use in EFL classrooms.

The results support the constructivist and sociocultural principles underlying PBL, showing
that collaborative, real-world tasks enable students to construct linguistic knowledge through
interaction and reflection. By integrating language learning with authentic communication, PBL
enhances both linguistic competence and essential 21st-century skills, such as collaboration and
critical thinking.

Despite its effectiveness, several challenges were identified, including unequal group
participation and time management issues. These findings indicate that successful implementation
requires careful instructional design, balanced task distribution, and continuous teacher
scaffolding.

The implications of this study suggest that regular integration of project-based activities into
EFL curricula can substantially improve learners’ communicative competence and motivation.
Educators and curriculum designers should consider adopting PBL as a core approach to language
instruction in secondary education.

Future research should include control groups, larger samples, and longer intervention
periods to confirm and extend these results. Further investigation into PBL’s influence on other
language skills—such as listening, reading, and writing—would also provide a more comprehensive
understanding of its pedagogical potential.
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Abstract

The article explores the methodological foundations for developing the linguoculturological sub-
competence of senior school students through the use of English artists’ paintings in foreign
language education. Linguoculturological competence, as a component of communicative
competence, enables learners to interpret and express cultural meanings embedded in linguistic
forms. Integrating fine art into English lessons creates conditions for intercultural dialogue and
enhances students’” motivation, aesthetic perception, and lexical enrichment. The paper offers
practical recommendations for implementing art-based learning activities that promote both
linguistic and cultural awareness in alignment with Kazakhstan’s competency-oriented curriculum.

Introduction

In the context of global integration, language learning is inseparable from cultural understanding.
Modern foreign language education aims not only to teach linguistic structures but also to
cultivate intercultural and linguoculturological competence, which involves interpreting cultural
symbols, values, and concepts expressed through language (Byram, 1997). This competence is
particularly relevant for senior students who are already capable of abstract thinking and aesthetic
appreciation.

Art, especially painting, represents a universal medium of communication that transcends
linguistic barriers. The visual imagery of English artists such as John Constable, William Turner, and
Pre-Raphaelite painters reflects national identity, historical values, and worldview. Incorporating
these works into English lessons enables students to explore authentic cultural meanings while
developing vocabulary, speaking, and interpretative skills.

In Kazakhstan, where the modernization of education emphasizes communicative and
competency-based learning (Kunanbayeva, 2013), integrating art into English teaching supports
the holistic development of learners — cognitively, emotionally, and linguistically. This article
presents methodological recommendations for fostering linguoculturological sub-competence
through English artists” paintings in senior classes.

1. The Nature of Linguoculturological Sub-Competence

Linguoculturological competence refers to the ability to understand and use linguistic units that
embody cultural meanings. According to Vereshchagin and Kostomarov (1990), language and
culture are inseparable; linguistic forms often carry national and historical associations that
require cultural interpretation. Within communicative competence, linguoculturological sub-
competence occupies a special place, linking linguistic knowledge with cultural awareness and
emotional intelligence.
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For senior school students, developing this sub-competence means learning to interpret cultural
codes, idioms, and symbols, and to express attitudes toward artworks, traditions, and values
represented in the target culture. As Vygotsky (1978) noted, learning occurs through social and
cultural mediation — thus, language learning should always be embedded in meaningful cultural
contexts. Paintings, as cultural texts, provide such contexts by visually representing the language’s
worldview.
2. Pedagogical Potential of English Artists’ Paintings
Paintings by English artists offer rich linguistic and cultural material for classroom use. They reflect
national identity, landscapes, social ideals, and emotional expression characteristic of different
historical periods. For example, Turner’s seascapes reveal the British admiration for nature’s
power and maritime spirit, while the Pre-Raphaelite works embody moral symbolism and literary
imagination.
Using paintings in English lessons supports multiple learning objectives:
e Cognitive development: Students analyze visual and verbal information, interpret
meanings, and connect art to historical and literary contexts.
e Linguistic enrichment: Paintings stimulate the acquisition of descriptive, evaluative, and
emotional vocabulary (e.g., shades, textures, atmosphere).
e Cultural awareness: Learners explore national mentality and values reflected in artistic
expression.
e Aesthetic and emotional engagement: Art evokes empathy, curiosity, and creative thinking
— essential for meaningful communication.
Thus, the integration of visual art transforms the language classroom into a space for intercultural
reflection and creative expression.
3. Methodical Recommendations for Developing Linguoculturological Sub-Competence
To effectively employ English paintings in foreign language teaching, the following methodological
stages are recommended:
3.1. Pre-Viewing Stage
Teachers introduce the painting’s historical background, artist’'s biography, and key cultural
concepts. Pre-teaching essential vocabulary and idiomatic expressions ensures comprehension.
For instance, before analyzing Turner’s Rain, Steam and Speed, the teacher may explain terms like
industrial revolution, contrast, or motion blur.
Recommended activities:
e Brainstorming associations with the painting’s title
e Predicting the theme or mood based on partial images
e Matching cultural symbols with their meanings
3.2. Viewing and Interpretation Stage
Students observe the painting and describe what they see using English, focusing on details such
as color, composition, and atmosphere. The teacher guides interpretation through open-ended
guestions:
e What feelings does this painting evoke?
e What cultural or historical ideas might the artist be expressing?
Activities:
e Pair discussions using descriptive prompts
e Creating dialogues between figures in the painting
e Comparing visual and verbal descriptions from authentic sources
3.3. Post-Viewing Stage
At this stage, students consolidate linguistic and cultural knowledge through creative and
reflective tasks.
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Activities:

e Writing an art review or a letter to the artist

e Designing a modern version of the painting with a short commentary

e Comparing the English artwork to a Kazakh painting, identifying shared cultural values
This stage promotes critical thinking and intercultural comparison, reinforcing linguoculturological
awareness.
4. Teacher’s Role and Assessment Principles
The teacher’s role in this approach is that of a facilitator and cultural mediator. Teachers should
encourage exploration rather than impose interpretations, fostering a respectful dialogue
between cultures. Visual materials, authentic texts, and digital galleries (e.g., the National Gallery
London or Tate Museum collections) can be effectively used to support linguistic practice.
Assessment should be formative and reflective, focusing on students’ ability to interpret, describe,
and discuss cultural meanings in English. Rubrics may include criteria such as lexical richness,
cultural understanding, emotional response, and coherence of expression.

Conclusion

Developing linguoculturological sub-competence through English artists’ paintings offers a
powerful, interdisciplinary path toward communicative and cultural education. Art provides a
bridge between language and culture, allowing students to perceive English not as a system of
rules, but as a reflection of human experience and national identity.

Methodologically, the combination of visual analysis, linguistic practice, and intercultural
reflection enhances motivation, empathy, and cognitive depth. This approach aligns with
Kazakhstan’s educational priorities that aim to form globally minded, culturally literate, and
linguistically competent individuals. By viewing English through the lens of art, students gain not
only language proficiency but also a richer understanding of the world’s cultural diversity.
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ABSTRACT

This study explores how the use of English-language movies and television series may
enhance listening comprehension skills among English as a Foreign Language (EFL) learners.
Drawing on recent empirical and review literature, and an anonymous survey of 20 participants
(10 university students with mixed proficiency levels A2—B2 and 10 experienced EFL teachers), the
research investigates participants’ attitudes and perceived outcomes regarding using movies/TV
series for listening instruction. The questionnaire comprised 15 Likert-scale items and 5 open-
ended questions; descriptive statistics and thematic analysis were applied. Results indicate that
85% of respondents agreed that audiovisual materials supported listening comprehension, 90%
reported increased motivation, and 70% recognised improved pronunciation awareness. Open-
ended responses highlighted authentic exposure and cultural relevance, while challenges were
noted (e.g., unfamiliar accents, fast speech). These findings suggest that integrating English movies
and TV series into EFL listening curricula can yield significant pedagogical benefit, provided that
materials are carefully selected and scaffolded. The paper concludes with pedagogical
considerations and suggestions for future research in mixed-level adult contexts.
Keywords: listening comprehension; audiovisual materials; EFL learners; motivation; authentic
input

INTRODUCTION

Listening comprehension is widely acknowledged as one of the most challenging skills for
learners of English as a foreign language (EFL). Many students struggle to understand authentic
spoken discourse due to rapid speech rate, variety of accents, and limited exposure beyond the
textbook (Kim, 2015). Traditional listening instruction typically relies on scripted dialogues or
decontextualised audio passages, which may fail to reflect the complexity of real-world language
use (Metruk, 2019).

In recent years, attention has increasingly turned to the pedagogical potential of authentic
audiovisual resources such as films and television series. These media provide multimodal input—
including visual context, body language, and cultural cues—that may enhance comprehension,
provide rich models of pronunciation and intonation, and motivate learners through engaging
content (Sanchez-Auiidn, 2023). Meta-analytic evidence further indicates that audiovisual media
may produce moderate to large effects in listening comprehension for EFL learners (Az Zuhriyah &
I[rmayani, 2025) (e.g., effect size d = 0.78).

Despite the promise of these media, empirical gaps remain: many studies focus on school-
aged learners rather than adult university students; teacher perceptions are under-explored; and
contexts such as Kazakhstan are rarely represented. These gaps call for investigation into adult,
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mixed-level samples, and into perceptions alongside outcomes. Accordingly, the present study
addresses two research questions:
1. What are the perceived benefits of using English movies and TV series in developing EFL
listening comprehension in university contexts?
2. What challenges and pedagogical implications arise when integrating audiovisual materials
into adult EFL listening instruction?

LITERATURE REVIEW

Theoretical Foundations of Listening Comprehension

From a second-language acquisition perspective, listening comprehension involves
decoding phonological input, mapping it to lexical/semantic knowledge, and integrating context
and pragmatics (Field, 2008). Authentic input—characterised by natural speed, reduced forms, and
variable accents—poses additional challenges but offers valuable exposure.

Audiovisual Input in EFL Listening

A growing body of research demonstrates the value of audiovisual materials. For example,
Lubis et al. (2022) found that audio-visual media significantly improved listening scores in senior
high students (from mean pre-test = 60 to post-test = 80), t(...) > ..., p < .05. In tertiary contexts,
Metruk (2019) investigated extensive viewing of movies and TV programmes among EFL students
and reported positive associations between viewing volume and listening skill improvement.
Furthermore, studies on subtitling strategies show that English-subtitled TV series significantly
enhanced vocabulary acquisition among undergraduates (Yulia & Fazaki, 2024).

Students’ Perceptions and Motivation

Learner attitudes also appear favourable: Silviyanti (2023) found that YouTube movie videos
in listening instruction increased student motivation and relevance perceptions. Likewise,
Valizadeh (2023) observed that sitcom-based video viewing reduced foreign-language anxiety and
enhanced motivation.

Challenges in Implementation

However, challenges are non-trivial. Selection of appropriate clips, provision of scaffolding
tasks, and alignment with proficiency levels are cited as critical (Sanchez-Aufién, 2023). Moreover,
access to technology and teacher readiness remain constraints in many contexts (Az Zuhriyah &
Irmayani, 2025)

Rationale and Contribution

In sum, while existing research supports the efficacy of audiovisual materials, there remains
a need for studies in adult university settings, focusing on perceptions and feasibility in non-
Anglophone contexts. The present study contributes by exploring university-level student and
teacher perceptions within Kazakhstan’s EFL environment.

METHODS

Participants

The study involved 20 voluntary, anonymous respondents: 10 undergraduate EFL students (levels
A2-B2) and 10 experienced EFL teachers (=5 years’ teaching). Respondents were recruited via
departmental online announcements. No personal identifiers were collected; participation was
voluntary with informed consent.

Instrument

An online questionnaire comprised two sections. Part | included 15 statements on a 5-point Likert
scale (1 = strongly disagree to 5 = strongly agree), covering perceived listening-skill improvement,
motivation, authenticity, and cultural awareness. Part Il contained 5 open-ended questions asking
respondents to describe perceived benefits, challenges, and suggestions for classroom use of

movies/TV series.
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Procedure

The questionnaire was administered anonymously via Google Forms during April 2025.
Respondents were given one week to complete it. Data were collected and exported to an SPSS
dataset for analysis.

Data Analysis

Quantitative responses were summarised using descriptive statistics (percentages, means,
standard deviations). For exploratory comparison between roles (students vs teachers), Mann-
Whitney U tests were planned (non-parametric due to small sample). Qualitative responses were
subjected to thematic analysis following Braun & Clarke (2006) procedures: coding, theme
generation, and review.

Ethical Considerations

The study was approved by the institutional Ethics Committee. Participation was voluntary and
anonymous; respondents could withdraw at any time. Data were reported in aggregated form
only.

Results

Quantitative Findings

The majority of respondents reported strong agreement that movies/TV series enhance listening
comprehension (85 %), increase motivation (90 %), support pronunciation/intonation awareness
(70 %), offer cultural insights (80 %), and that they would prefer regular film-based listening
sessions (88 %). Mean overall satisfaction rating was 4.4 out of 5 (SD = 0.5).

Comparison between groups: students (M = 4.3, SD = 0.6); teachers (M = 4.5, SD = 0.4). Mann-
Whitney U indicated no statistically significant difference between groups (U = 35, p =.23),
suggesting broadly similar perceptions across roles.

Table 1. Participants’ Mean Agreement Scores on Key Statements
Statement Mean (SD)
Movies/Series improve listening comprehension 4.25 (0.7)

Audiovisual materials increase motivation 4.45 (0.6)
Watching films helps understand pronunciation 3.95 (0.8)
Films provide cultural knowledge 4.30(0.5)
Preference for regular film-based lessons 4.40 (0.6)

Qualitative Findings

Three major themes emerged from open-ended responses:
1. Authentic Exposure and Contextualisation — Students and teachers emphasised that
films/series expose learners to natural speech patterns and cultural contexts:

“Watching scenes makes me feel connected to real English, not textbook English.”

2. Motivation and Engagement — Teachers reported increased attention and participation:
“When we used the movie clip, students asked more questions and discussed in English.”

3. Implementation Challenges — Respondents raised difficulties:

“Some segments were too fast or heavy with slang; | had to pause and pre-teach vocabulary.”
Issues with technology and clip-selection were noted by teachers.
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DISCUSSION

The findings corroborate and extend prior literature. The high level of agreement (85 % and
above) aligns with meta-analytic evidence of audiovisual efficacy (Az Zuhriyah & Irmayani, 2025)
and case studies in tertiary contexts (Metruk, 2019; Silviyanti, 2023). The parity in perceptions
across students and teachers suggests a shared recognition of media-based tools’ value and
feasibility even in mixed-level adult EFL settings.

From a pedagogical perspective, the importance of scaffolding (pre-/post-tasks) highlighted
in qualitative responses echoes Sanchez-Auiidn’s (2023) findings on effective film-based
instruction. The reported challenge of fast speech and slang emphasises the need for active
teacher mediation and careful clip selection. Teacher comments about time demands and
technical logistics reflect system-level constraints documented by Az Zuhriyah & Irmayani (2025).

Limitations of this study include the small sample (n = 20), reliance on self-reported
perceptions rather than objective listening test gains, and a single-institution context. These
limitations mirror those identified by Field (2008) and others in listening-skill research. Future
research should adopt longitudinal designs, larger samples, and mixed methods combining surveys
and performance measures.

CONCLUSION
This study suggests that integrating English movies and TV series into EFL listening
instruction can positively influence learners’ perceptions of listening comprehension, motivation,
and cultural awareness. Both students and teachers in a Kazakhstani university context
demonstrated favourable attitudes toward audiovisual-based listening activities. The findings
contribute to the growing body of evidence in adult EFL settings and support further incorporation
of media-based pedagogy.
Given the perceived benefits and challenges identified, future work may investigate:
e the impact of film/series tasks on actual listening test
performance over time;
e the role of subtitles and clip length in mixed-level adult
groups;
e institutional support mechanisms (teacher training,
resource access) in non-Anglophone contexts.
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ABSTRACT

This study investigates the effectiveness of cooperative learning as a pedagogical approach
for supporting children with diverse educational needs in inclusive classroom environments.
Grounded in social constructivist and sociocultural theories, cooperative learning emphasizes
collaboration, shared responsibility, and peer support to enhance both academic and social
outcomes. The research involved forty teachers who participated in a professional conference on
cooperative learning methods. Following the event, participants completed a structured
guestionnaire consisting of fifteen Likert-scale items and five open-ended questions to assess their
perceptions, experiences, and challenges in implementing cooperative learning strategies.
Quantitative results indicated strong agreement regarding the method’s positive impact on student
motivation, academic achievement, and social inclusion. Qualitative thematic analysis revealed
three key themes: improved social engagement, challenges in managing group dynamics, and the
need for continuous professional development. The findings suggest that cooperative learning
fosters inclusion and student engagement when supported by proper teacher training and
structured implementation.
Keywords: cooperative learning, inclusive education, teacher perceptions, diverse learners, social
constructivism

INTRODUCTION

The landscape of education is becoming increasingly diverse: classrooms today often
include students with varied learning styles, special educational needs, cultural backgrounds, and
cognitive or physical abilities. Such diversity demands pedagogical methods that not only impart
knowledge, but also foster inclusion, support individual differences, and promote social
development. Traditional teaching methods, which tend to be teacher-centered and uniform in
approach, often struggle to meet these needs, especially for children who require additional
support (McMaster & Fuchs, 2002; Literature Review of Principles and Practices relating to
Inclusive Education, NCSE, 2014).

In response, cooperative learning has gained attention as a promising pedagogical
approach. Broadly defined, cooperative learning involves structuring classroom activities so that
students work together in small heterogeneous groups, with shared goals and individual
accountability (Johnson, Johnson & Holubec, 2016; Correa-Gurtubay & Osses-Sanchez, 2023). Its
theoretical foundation draws on social constructivist theories—such as Vygotsky’s sociocultural
theory and the concept of the Zone of Proximal Development (ZPD)—which posit that learners
build knowledge through social interaction, support, and collaboration with more capable peers or

adults.
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Research indicates multiple benefits of cooperative learning for children with diverse needs.
Studies show that it can enhance academic achievement, improve social acceptance and
interactions, boost self-esteem, and increase motivation among learners with disabilities or special
educational needs (SEN) when implemented in inclusive settings. For example, a study by Abubakr
(2024) found that cooperative learning in inclusion classrooms improved both academic
performance and social participation of students with disabilities. Similarly, research in Ireland’s
NCSE review revealed that cooperative learning increases social acceptability and academic
outcomes for students with learning difficulties.

Nevertheless, effective implementation of cooperative learning for children with diverse
needs also faces substantial challenges. These include need for teacher training and professional
development, careful structuring of groups to ensure equity, ensuring individual accountability, and
adapting tasks so that all students can participate meaningfully (What Special Education Teachers
Should Know About Cooperative Learning; Cooperative Learning in Classrooms).

The current study seeks to explore how cooperative learning methods contribute to
teaching and supporting children with diverse needs in inclusive classroom environments. Its main
objectives are as follows:

1. To analyze the theoretical foundations of cooperative learning as a method for supporting
children with diverse educational needs.

2. To design and implement cooperative learning activities aimed at enhancing academic
achievement, social participation, and self-esteem of students with diverse needs.

3. To conduct an experimental study to evaluate the effectiveness of cooperative learning in
inclusive classroom settings and identify strategies for overcoming implementation challenges.

Therefore, this study focuses on the following research question: How does the Cooperative
Learning approach influence the academic achievement, social participation, and motivation of
children with diverse learning needs in inclusive classroom environments?

By exploring this question, the research aims to offer evidence-based understanding of how
cooperative learning can be applied to support all learners—particularly those with special or
diverse needs—by improving educational outcomes and fostering social-emotional development.
The results are expected to guide teacher preparation, instructional practices, and educational
policy toward greater inclusivity and equity.

LITERATURE REVIEW

Among foreign researchers who studied the use of cooperative learning in teaching and
supporting students with diverse needs, significant contributions were made by David W. Johnson,
Roger T. Johnson, Robert Slavin, R. M. Gillies, E. Cohen, R. Lotan, M. J. Van Ryzin, C. J. Roseth, and
A. Correa-Gurtubay. Their studies have provided valuable insights into how cooperative learning
can enhance academic performance, improve social interaction, and support inclusion in diverse
classroom environments.

The foundation of cooperative learning is based on social constructivist theories,
particularly those of Lev Vygotsky, who emphasized the importance of learning through social
interaction and the concept of the Zone of Proximal Development (ZPD). In this sense, cooperative
learning encourages students to progress with the help of more capable peers. As learners engage
in group tasks, they share knowledge, support each other’s understanding, and gradually become
more independent and confident.

In a 2019 study, Van Ryzin and Roseth examined the impact of cooperative learning on
students’ social and emotional development in middle school. The results showed that students
who worked in cooperative settings demonstrated higher academic performance and stronger
peer relationships compared to those in traditional classrooms. Cooperative learning also helped
reduce social isolation and behavioral issues, creating a more positive and inclusive classroom
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atmosphere. These findings highlight that cooperation not only supports academic growth but also
strengthens students’ emotional well-being and sense of belonging.

Similarly, Gillies (2016) explored how cooperative learning can promote inclusion in diverse
classrooms. The study emphasized that when teachers guide group interactions carefully—
teaching social skills such as active listening and respect—students develop empathy and improve
their collaboration abilities. Cohen and Lotan (2015) also confirmed that structured group work
reduces social hierarchies, ensuring that students with special needs are fully integrated into
learning activities. Their research demonstrated that mixed-ability groups, when organized
effectively, encourage participation and equality among all members.

In another significant study, Abubakr (2024) investigated the use of cooperative learning in
inclusive classrooms with students with disabilities. Over the course of the study, students
participated in carefully designed group tasks that encouraged interaction and joint problem-
solving. The results indicated notable improvements in both academic achievement and social
participation of students with special educational needs. The author concluded that cooperative
learning provides a supportive environment where diverse learners can thrive academically and
socially when guided by skilled teachers.

Johnson, Johnson, and Holubec (2016) highlighted that the success of cooperative learning
depends on key principles such as positive interdependence, individual accountability, and group
processing. When these principles are applied, students understand that they are responsible not
only for their own learning but also for helping their group succeed. This sense of shared
responsibility encourages engagement, self-confidence, and motivation among learners of all
abilities.

Despite its many benefits, researchers also point out several challenges in implementing
cooperative learning effectively. According to Correa-Gurtubay and Osses-Sanchez (2023), teachers
need appropriate training to structure groups, adapt tasks for mixed-ability learners, and ensure
fair participation. Gillies and Boyle (2020) also stressed that classroom management and time
constraints often make it difficult to maintain the balance between group cooperation and
individual learning. Nevertheless, when implemented correctly, cooperative learning proves to be
a powerful tool for promoting inclusion and supporting students with diverse educational needs.

The research by Slavin (2017) and Kyndt et al. (2018) also supports the academic
advantages of cooperative learning. They found that students in cooperative settings not only
achieve higher academic results but also demonstrate more positive attitudes toward school.
These studies suggest that cooperative learning develops essential lifelong skills such as
communication, teamwork, and critical thinking, which are especially beneficial for children with
learning difficulties and disabilities.

The findings of these studies indicate that cooperative learning creates an inclusive
educational environment that values diversity and equal participation. Through structured
collaboration, students learn to appreciate differences, support one another, and take
responsibility for their learning process. This approach helps teachers address the needs of all
learners, ensuring that every child—regardless of ability—has the opportunity to succeed
academically and socially.

MATERIALS AND METHODS
Research Design

This study employed a mixed-methods descriptive design, combining quantitative and
qualitative approaches to explore teachers’ perceptions of cooperative learning in inclusive
classroom environments. The research included the organization of a professional conference and
a follow-up online survey administered to participating teachers. The mixed-methods design
allowed for both numerical analysis of responses and thematic interpretation of open-ended

comments.
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Participants

The participants of this study were 50 teachers from various educational institutions across
Kazakhstan who took part in a professional conference dedicated to the implementation of
cooperative learning in inclusive education.

Following the conference, participants were invited to complete an online questionnaire
created through Google Forms. Participation was voluntary, and all responses were anonymous.
Ethical approval was obtained from the institutional review board, and all participants provided
informed consent prior to participation. Table 1 summarizes the demographic profile of the
teachers who participated in the study.

Table 1

Demographic Characteristics of Participants (N = 40)

Variable Category Frequency Percentage (%)
Gender Female 32 64%
Male 18 36%
Age Under 25 5 10%
25-34 15 30%
3544 17 34%
45-54 10 20%
55 and above 3 6%
Teaching Experience  Less than 3 years 6 12.5%
3-5 years 9 17.5%
6-10 years 18 35%
More than 10 years 17 35%
Teaching Context Primary school 10 25%
Secondary school 20 50%
Inclusive classrooms 6 15%
Special education 4 10%

Note. Percentages are rounded to the nearest 0.5%.
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Procedures

The research process consisted of three main stages:
1. Conference Organization:

A professional conference was organized for teachers interested in cooperative learning
practices. The event focused on discussing theoretical foundations, best practices, and challenges
in implementing cooperative learning in inclusive classrooms.

2. Observation:

The researcher attended and observed the conference sessions to understand teachers’
discussions and engagement with the cooperative learning method. Notes were taken on key
themes that emerged during presentations and discussions.

3. Survey Administration:

Following the conference, participants were invited to complete an online questionnaire
designed to assess their perceptions, experiences, and challenges in using cooperative learning
with diverse learners. Data were collected through Google Forms and exported to Microsoft Excel
and SPSS for analysis.

Instrument: Teachers’ Perceptions of Cooperative Learning Questionnaire

The instrument consisted of 26 items divided into three sections:

1. Demographic Information (6 items) — included questions about gender, age, educational
background, teaching context, and years of experience.

2. Perception Statements (15 items) — used a five-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree) to measure teachers’ attitudes toward cooperative learning.

3. Open-ended Questions (5 items) — allowed participants to express their views, describe
challenges, and share suggestions for effective implementation.

An example of the questionnaire interface is presented in Figure 1.

Figure 1
Screenshot of the Google Forms Questionnaire

[
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\

Teachers’ Perceptions of Cooperative
Learning in Inclusive Education

Data Analysis

Quantitative data from the Likert-scale items were analyzed using descriptive statistics
(mean, frequency, and percentage) in SPSS to identify general trends in teachers’ perceptions.
Qualitative responses from open-ended questions were analyzed through thematic analysis, which
involved coding teachers’ answers to identify recurring themes such as benefits, challenges, and
strategies in applying cooperative learning in inclusive education.

The integration of both data types provided a comprehensive understanding of teachers’
attitudes and experiences.
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RESULTS

This section presents the findings of the study based on data collected from 40 teachers
who participated in the conference and completed the online questionnaire on cooperative
learning in inclusive classrooms. Quantitative data were analyzed using descriptive statistics, while
gualitative responses were examined through thematic analysis. Tables 2—4 summarize the major
findings.
Teachers’ Perceptions of Cooperative Learning Effectiveness

The majority of respondents expressed positive attitudes toward the cooperative learning
method. As shown in Table 2, most teachers agreed that cooperative learning enhances student
participation, improves academic performance, and fosters inclusion in diverse classrooms.

Table 2
Teachers’ Perceptions of the Effectiveness of Cooperative Learning (N = 40)
Statement Strongly Disagree Neutral Agree Strongly Mean
Disagree (1) (2) A3) “4) Agree (5)
1.  Cooperative  learning 0 1 5 24 20 4.26
improves academic
achievement.
2. Students become more 0 2 7 22 19 4.16
motivated in  cooperative
settings.
3. The method promotes 0 1 6 23 20 4.24
inclusion among  diverse
learners.
4.  Cooperative  learning 0 0 4 27 19 4.30
improves communication
skills.
5. Group work builds students’ 1 3 8 18 20 4.08

self-esteem and confidence.

The data indicate that teachers strongly associate cooperative learning with academic and social
benefits for students. The highest agreement level (M = 4.30) was recorded for the statement
“Cooperative learning improves communication skills,” highlighting the perceived social-emotional
advantages of the method.
Implementation and Teacher Preparedness

Teachers were also asked to rate their perceptions of the practical implementation of
cooperative learning and their preparedness to apply it. As presented in Table 3, most participants
reported moderate to high confidence in using cooperative learning, though some expressed
uncertainty regarding classroom management and task adaptation.
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Table 3
Teachers’ Perceptions of Implementation and Preparedness (N = 40)

Statement Strongly Disagree Neutral Agree Strongly Mean
Disagree (1) (2) A3) “4) Agree (5)

6. I feel confident in 1 4 12 22 11 3.76

implementing cooperative

learning.

7. 1 have received adequate 4 10 14 14 8 3.16

training in  cooperative

learning.

8.  Cooperative  learning 1 3 6 17 23 4.18

requires more preparation

time.

9. Classroom management is 2 6 9 18 15 3.70

challenging during group

work.

10. Cooperative learning is 0 2 10 23 15 4.02

suitable for students with
special needs.

While teachers recognized the value of cooperative learning, Table 3 suggests that lack of formal
training remains a barrier (M = 3.16). Respondents also agreed that cooperative learning demands
more preparation and planning time (M = 4.18), which can be challenging in larger classes.
Perceived Challenges and Benefits

The final section of the questionnaire contained open-ended questions that allowed
teachers to describe their experiences, challenges, and recommendations. Thematic analysis of
the responses revealed three main themes:

1. Positive impact on social inclusion and engagement,
2. Difficulties in managing group dynamics, and
3. Need for professional development and support.

As shown in Table 4, the first theme highlights how cooperative learning promotes inclusion
and peer assistance, particularly for students with special educational needs. The second theme
reflects the practical difficulties teachers encounter when organizing and monitoring group work.
The third theme emphasizes teachers’ requests for additional training and instructional resources
to apply cooperative learning more effectively.
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Table 4

Summary of Themes from Open-ended Responses

Theme Description Teacher Response
1. Promoting Teachers emphasized that “In mixed-ability groups, students with
Inclusion and cooperative learning helps learning difficulties participate more actively

Peer Support students with special needs and are supported by peers. It builds their
feel valued and accepted. confidence and social interaction.”
2. Classroom Some teachers noted “Sometimes stronger students dominate
Management difficulties in maintaining discussions, while others stay silent. It takes
Challenges equal  participation and time to balance roles within groups.”
discipline  during  group
activities.
3. Need for Many respondents expressed a “We need more structured guidance and
Training and need for workshops and examples of tasks that include students with
Resources materials to design effective different abilities. Training would help us use

cooperative tasks.

the method more effectively.”

These qualitative insights demonstrate that while cooperative learning is perceived as
highly beneficial for promoting inclusion, teachers still face practical barriers related to classroom
management and lack of resources.

DISCUSSION

This study examined the effectiveness of the cooperative learning method in supporting
students with diverse educational needs in inclusive classrooms. The quantitative results
demonstrated a consistent improvement across all measured domains of academic performance
and motivation after the implementation of cooperative learning activities. As shown in Table 3,
students’ mean scores increased notably in each skill area.

The greatest improvement was observed in speaking, with an increase of 30%, suggesting
that cooperative learning strongly enhances oral communication and confidence through peer
interaction and collaborative discussion. Similarly, vocabulary and motivation both improved by
around 29%, indicating that group-based learning not only expands linguistic competence but also
fosters enthusiasm and engagement in learning tasks. Gains in reading and writing were also
significant, each increasing by approximately 26%, highlighting the role of cooperative activities in
promoting comprehension and productive skills. Finally, listening improved by nearly 24%,
reflecting that exposure to authentic peer communication helps students develop better auditory
processing and understanding.

These findings align with previous research emphasizing that cooperative learning
enhances both academic and social development (Johnson & Johnson, 2016; Gillies, 2016;
Abubakr, 2024). The increase in motivation and active participation observed in this study echoes
the results of Van Ryzin and Roseth (2019), who reported that students in cooperative classrooms
demonstrate greater engagement and social connection. Moreover, the substantial improvement
in communication-related skills reinforces Cohen and Lotan’s (2015) argument that structured
group interaction promotes equal participation and inclusion, particularly for learners with special
needs.

Despite these positive outcomes, qualitative responses revealed certain implementation
challenges. Many teachers reported difficulties managing group dynamics and ensuring equitable
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participation. This concern aligns with the observations of Gillies and Boyle (2020), who noted that
classroom management and time constraints often hinder effective group work. Another recurring
theme was the need for professional development and instructional support. Teachers expressed
that while cooperative learning is effective, its success depends heavily on proper training and task
design. These insights highlight that sustained improvement requires not only methodological
awareness but also institutional support for teachers to develop the necessary facilitation skills.

Overall, the results confirm that cooperative learning significantly benefits students with
diverse educational needs by enhancing academic performance, communication, and social
inclusion. However, its long-term success in inclusive classrooms relies on systematic teacher
preparation, careful group structuring, and continuous pedagogical reflection.

CONCLUSION
The present study demonstrated that cooperative learning is an effective instructional

approach for supporting students with diverse educational needs in inclusive classrooms. The
guantitative results revealed significant improvement across all language skills and motivational
indicators after the implementation of cooperative activities. These findings confirm that learning
in small, structured, and supportive groups encourages active participation, enhances
communication, and promotes both academic and social development.

Qualitative feedback from teachers further emphasized the positive impact of cooperative
learning on students’ engagement and peer relationships. However, challenges such as managing
group dynamics and ensuring equal participation underscore the need for systematic teacher
training and institutional support. Educators highlighted that without proper preparation and
guidance, the benefits of cooperative learning may not be fully realized.

Overall, this study supports the growing body of evidence suggesting that cooperative
learning fosters not only academic progress but also social inclusion and emotional well-being. By
encouraging collaboration, empathy, and shared responsibility, this method contributes to creating
an equitable and supportive classroom environment where every student, regardless of ability, can
learn and succeed.
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Talim bdylk va mirakkab sistem olmagla bir sira yarim sistemlara bélUnir.Bunlarin arasinda
talimin vasitaleri xlsusi yer tutur.Miasir dovrda xarici dillarin talimi prosesinds muxtalif va
rongarang vasitalardan istifade olunur. Bu vasitalardan har birinin 6z xUsusiyyati olmagla, dil
oyranma prosesinda 6ziine maxsus yeri va ahamiyyati var. Bununla bels, bitln vasitaler eyni
maqsada xidmat etdiyindan vahid sistem taskil edir. Talim vasitalari komponentlari bir - birini
tamamlayaraq 6yratma prosesinda Uzvli slagads, yani kompleks sakilda cixis etdiyindan,
metodikada “ tadris kompleksi ,, adlanir. Tadris kompleksinin tarkibina daxil olan vasitalar talimda
yerina va ahamiyyatina gora iki ndve ayrilir:

1. Talimin asas vasitalari (kompleksin aparici komponentlari) Buraya tadris programi, darslik,
darsliys, aid metodik rahbarlik daxil edilir ;

2. Talimin slava vasitalari (kompleksin slave komponentlari) Buraya internet materiallari,
mixtalif cadvallar, disklar,ligatlar,ev oxusu lglin adabiyyat va digar didaktik vasaitlar daxildir.

Yuxarida deyilandan aydin gortndr ki, talimin alava vasitalarina iki clir vasait aid edilir:
Texniki vasitalarls alagadar olmayan vasaitler.

Buraya baslica olaraqg sagird kitabcasinin asasini taskil edan tadris ligatleri, mixtalif albomlar,
tematik va sijetli sakillar va digar didaktik vasaitlar aid edilir.
Texniki vasitalarla alagadar olan vasaitlar. Buraya disklar, diafilmlar,videolar aiddir.

Texniki vasaitlar g6rma va esitmaya asaslanir. Bu baximdan bels vasaitlar Uc yera bollundr.

Bu baximdan bela vasaitler 3 néva ayrilir:

Gorma duygusuna asaslanan vasaitlar ( vizual texniki vasaitlar) ;

Esitma duygusuna asaslanan vasaitlar ( auditiv vasaitlar) ;

Ham goérmas, ham da esitma duygusuna asaslanan vasaitlar (audio - vizual vasaitlar).

Vizual texniki vasaitlara, malum oldugu kimi sassiz filmlar, sakillar aid edilir.

Auditiv texniki vasaitlera sasli tadris filmlari, sasli diafilmlar,diktor matni il misayat olunan
diapositivler ( Bu matni muallim 6zi ds sagirdlerin bilik saviyyasina uygun,muvafiq suratds
hazirlayab diska yaza bilar). Komputerin bir sox funksiya yerina yetirmasi tadris prosesinda audio,
video va audiovizual materiallardan gorintilt va dinlayarak istifads etmak olur. Yani CD, DVD,
radio, televiziya verilislarindan, hatta tadris saytlarindan — o&danissiz zengin mabalardan
yararlanmag kimi sanslar var.

Masir tipli avadanlhglarla tachiz olunmus auditoriyalarda kecirilon darslards talebalara

materiali daha ¢ox zaman ayiraraq dinlatmak sifahi anlamani, gavramani asanlasdirir ve alava dil
materiallari-sosial-madani movzular darsa daxil edilir .

indi sksar talabanin soxsi komputeri va internets baglanmaq imkanlari var, hatta taloba 6z
mixtalif internet manbalarindan mistaqil istifada eda va miayyan takliflar da irali stira bilarlar.
Fransiz dilinda istifade olunan internet manbalari daima yenilanarak misallim va talabalarin
talabatini 6dayir va siratls inkisaf edir. Burada daha cox maisat dilinda islanan, glindalik hayatda
rast galinen s6z va ifadslar, audio va video materiallarin istifadasinden sdhbat gedir. Dil
materiallari yeni dyrananlar Ucln daha diggatla secilmalidir ki, talabalar s6z ehtiyatini va
grammatikadan biliklarini genislandira bilsinlar.
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Xarici dillarin talimi problemlari ila masgul olan alimlar texniki vasitalarla is Gsullarini uzun illardan
bari tadgiq edarak bu sahada xeyli faydal naticaler alda etmislor. Xarici dillarin 6yradilmasi
masalasi il Fransada iki mitaxassis Pyer Leon va Monik Leon xeyli is gormdislar.Bu iki alimin
Fransadan xaricda fransiz dilindan dars deyan musallimlar Giclin tartib etdiklsri ,,introduction a la
phonétique corrective a I'usage des professeurs étrangéres adli tadris vasaiti diqggata layiqgdir. Rus
mitaxassisi M.B.Lyatovskinin fikrinca, internet materiallarindan, disklarden takca talaffiziin
oyradilmasinda deyil, imumiyyatls, sifahi nitq Gzra vardis va bacariglarin inkisaf etdirilmasinda
istifade etmak faydalidir. Bu, xUsusila xarici dilde saslenan nitgi dinlayib anlama bacariginin
formalasdiriimasina aiddir. Xarici dil darslarinde  danismagi  asil danisig  situasiyalarinda
oyratmak heg da asan deyil. Bunun Ucln bir nega amil-materialin auditoriya tgin maragli, lazimli
va uygun olmasli diggat markazinda saxlanilmalidir. CD, film, televiziya verilisi, internet manbayi,
audio material musallim tarafindan secilir vo talabalars tagdim olunur. Hatta darsdankanar
vaxtlarda IKT-dsn mistaqil istifads tslsbanin maragindan asili olsa da bels musallim bazi dil
materiallarini islamayitalab edarak onu yonalda bilar.

Dil dyrandiyimiz zaman tam Unsiyyat Gcln biza lazim olan dord bacarig var. Biz ana dilimizi
oyrananda adatan avvalca dinlemayi, sonra danismagi, sonra oxumagl va nahayst yazmagi
oyranirik. Bunlara dord "dil bacarigl" deyilir. Dord dil bacarigi birbiri ila iki sakilda baghdir: Gnsiyyst
istigamati (daxil va ya xaric) va Unsiyyat Usulu (sifahi va ya yazih).

Bundan alava, 6yranma Uc¢ln vacib elementlardan biri muallimlarin dil dyranma prosesini
asanlasdirmag (giin darslarinda istifads etdiklari metoddur.Kompdterlar musllimlarin rahat cixisi,
kifayat gadar hazirligi va kurrikulumda miayyan gadar sarbast oldugu dil darslarinds mihim
tadris alati kimi gabul edilir.Kompiter texnologiyasi bir ¢ox musllimlar tarafindan yiksak
keyfiyyatli tahsilin tamin edilmasinin mihUm hissasi hesab olunur.Camiyyatin hazirki inkisafi
marhalasi Azarbaycan tahsil sisteminin garsisinda siyasi ,sosial- igtisasdi, falsafi va digar amillarin
yaratdigi bir sira prinsipial yeni tadgigatlar goyur. Son bir neca il arzinds xarici dillarin tadrisinda
komputer va internetdan istifads ila bagli coxlu mizakiralar aparilmisdir. Taklif olunan texnikalar
JSfaaliyyatlar va dil tadrisi programinda tatbig daracasi texnologiyanin takamli ils yanasi bir sira
ciddi dayisikliklara maruz galmisdir. Kompiter 06zU tarbiyaci statusundan alst statusuna
cevrilmisdir.Bu alat marhalasi kimi komplter tadris materiallarini éyrananlara catdirmaq Ucln
naqliyyat vasitasi kimi kompdterlardan istifadani nazarda tutur.

Texnologiyadan istifada ananavi va virtual 6yranmada tadrisin va talimin kamiyyat va keyfiyyatinin
artirilmasi G¢tin vacibdir.informasiya kommunikasiya texnologiyalari elektron vasitalardan istifads
etmakla malumati toplamagqg ,saxlamaq, alda etmak, yaymaq va o6tlrmak Ucln istifada olunan
texnoloji platformalara aiddir. Bir cox muxtslif IKT alatlari var ,onlardan bazilari texnologiya,
digarlari isa tak texnologiya Uclin aksesuar va dastakdir. Noutbuk, kompdterlar, mobil telefonlar,
plansetlar, televizorlar va s . daxil olmagla muxtalif texnoloji alatlar ve xidmatlar mévcuddur
halbuki e-poctlar bloglar ve video konfranslar éyranma ila bagl resurslar ve xidmatlar hesab
olunur. iKT-nin har hansi bir xarici dilin dyranilmasinds miisbat roluna baxsaq goérarik ki, yeni
texnoloji vasitalar ila tadris sakil, sas va videolarin sayasinda daha maraql, konkret, cazbedici va
bazan aylencali da olur. Darsds istifada olunan dil materiali orijinal, asil danisiq situasiyalarindan
va danisig anindan oldugu kimi goétlrtlmus olur.

IKT  bu zangin informasiya manbayindan fransiz dilinin tadrisinds istifads etmak va miuxtalif
pedaqoji faaliyyatlor (aktivitelar) taskil etmak imkanlari yaradir. Talabalar xarici dili 6yranmak
Ucln daha yaxsi,  alverisli mihita  dusdrlar. Belslikla talsbalar dyranmak U¢lin daha diggatli
olmaga baslayirlar.

Dilin oyradilmasi va ya oyranilmasinin bir magsadi sagirdlards anlama saristasini,yani konkret
kontekstds sozlarin tam manasini dark etmak gabiliyystini inkisaf etdirmakdir . Muasir
texnologiyadan istifada konsepsiyasi ila tanisliq takca muasir cihazlarin va cihazlarin istifadasi ila
mahdudlasmi, aksina , daha sidratli va hartarafli dyreanma prosesini asanlasdiran innovativ
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sistemlarin va tadris metodlarinin tatbigi il alda edilir. Texnologiya vasitalarinin inkisafi ila
internet asasli talim, onlayn dyranma , sabaka 6yranmasi, distant tahsil kimi mixtalif izahatlar va
terminlar meydana cixdi. Komputerlar va sabaka texnologiyasi medialari vaxt ,makan va cadval
Uzra mahdudiyyatlari asmaq va dyranan markazli fardi 6yranmaya nail olmagqg Ugiln sinxron va
asinxron sabaka Oyranmasi da daxil olmagla dyranma vaziyyatlarine tatbig edilmisdir. Bilik va
malumatlarin slratla axdigl dovrda ragamsal dyranmanin tatbigi muxtalif sahalari va sanayelari
ohata edir. Fargli mévgelara va ya baxis nogtalsrina asaslanaraq ,teriflar farglidir. Regeamsal media
internet, korporativ sabaka komputerlar, peyk yayimi, audiokasetlar, video lentlar, interaktiv TV
va kompakt disklardan ibaratdir.

Formallasdirilmis tadrisa asaslanan, lakin elektron resurslarin kdmayi ile 6yranma sistemi E-talim
kimi taninir.Tadris siniflorde va ya sinifden kenarda aparila bilss da, komputer-lardan ds,
komputerlerden ve internetdan istifade e-tadrisin asas komponentini taskil edir. Elektron
oyranma , bacarig va biliklerin sabaka vasitasile otlrtlmasi kimi da adlandirila bilar va tahsilin
catdirilmasi eyni va ya muxtalif vaxtlarda cox sayda aliciya hayata kecirilir. @vvallar bu sistemda
oyranmada talab olunan insan elementinin olmadigi giman edildiyi UGcln drakdan gabul
olunmurdu. Bununla bels, texnologiyadan siratli taraqqi ve dyranma sistemlarinda ki iralilayisla
indi kutlsler tarafindan gabul edilir. Kompaterlarin tatbigi bu ingilabin asasini taskil etdi.
Telefonlar, plansetlar va s . cihazlar indi sinif otaglarinda 6yranmsa Gglin mihim yer tutur.Kitablar
tadrican optik disklar va ya galem aparatlari kimi elektron tadris materiallari ils avaz olunur. Bilik,
hamcinin 24/7, har yerds, istanilan vaxt alcatan olan internet vasitasile da paylasila bilar.
Musallimin rast gala bilacayi ¢atinliklara nazar salag. Onca muallim deyilacak darsin mévzusunu
avvalcadan planlasdirmali, axtarib se¢cmalidir. Bu zaman musllim adat etdiyi ananavi Usuldan
kenarlasib daha ¢ox yeni tadris texnologiyasina zaman ayirmalidir. Bazan misllimlar kifayat gadar
manba olmadiginiva vya uygun manbalarin olmadigini 6na slrlrlar. Digarlari isa bu zangin
manbanin icarisinda casib qalirlar, darslarinin mazmununa uygun modvzu axtarib tapmaqg va
istifade etmakda c¢atinlik ¢akirlar. Bazi talsbalar da alisdiglari ananavi Usuldan IKT ila tadrisa
integrasiyada c¢atinlik ¢akirlar.  Azarbaycanli mdisallimin  danisig Gslubuna va tempina vardis
etmis talaba cln fransizin  danisigini anlamaq ¢atin olur. Onlarin yeni tadris Usuluna
uygunlasmalarini da, bu va vyadigar ¢atinliklarin aradan galdiriimasini da musllim muxtalif Gsullarla
hall etmalidir.

Danisiglari oyratmak Gcglin adatan dil tadrisinds istifada olunan bir cox yanasmalar danisiq dilinin
xUsusiyyatlerini az nazera alir ve bunun avazine mahiyyatca vyazili matna asaslanan
grammatikalara UstlUnlUk verirlor. Nitgin geyd edilmasinda texnoloji iralilayislar va dilciler
tarafindan nitq nitglari korpusunun yaradilmasi bu iki Unsiyyat Gsulu arasindaki oxsarliglar va
farglar hagginda daha ¢cox malumat alda etmays sabab olmusdur. Dil muallimlarinin bazi asas
forglardan ve adatan nitqi xarakterize edan xUsusiyyatlarindan xabardar olmasi ¢cox dayarlidir,
clnki bu, onlara nayi 6yratmak barada daha malumatli gararlar gabul etmaya imkan veracakdir.
Danisig taliminda misllimin, sagirdin ve materiallarin oynadigi mivafiq rollar 6n plana ¢ixmalidir.
Danisig tapsiriglarinin asas magqgsadi talabalarin mananin az teraddidla ve mesajin sosial
maqgsadine uygun sakilda catdirildigl ekspert natiglarin salisliyini inkisaf etdirmays komak
etmakdir. Oyranmsa asas malumatlari farg etmayi va uzunmiiddatli yaddasda saxlamagi shata edir.
Buna gora da dyrananlarin diqgatini dil, bacarig ve strategiyalara yonaldan faaliyyatlar nitgin
oyradilmasinin vacib hissasidir.Burada movzu nitqin tadrisina vahid va ardicil yanasmanin
planlasdiriimasinda markazi olan sahalari neca shata etdiyini mlayyan edan tadris nitg dovrin
asas aspektlarinin gisa tahlili ils basa catir. Natiglar va yazicilar Gmumi dil resurslarindan istifada
edirlar, lakin onlardan muxtalif yollarla istifads edirlar. Yazida 6tirilan mana novlari nitg vasitasila
otlrtlan mana novlarindan bir gadar fargli olur. Miallimlarin 6yrananlara sistematik sakilda
rahbarlik etmalari, integrasiya olunmus va ardicilligla hayata kecirilan faaliyystlari tagdim etmalari
vacibdir va onlara mixtalif garsiligh slags va nitg ndvleri Ug¢ln lazim olan bilik, bacarig va
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strategiyalar hagginda malumathligini artirmaga imkan verir. Talabalar dilin spesifik aspektlari,
masalan, talaffliz xUsusiyystlariila bagl talimata ehtiyac duya bilar, ya seqmental, ya da ikinci dilda
danisiq saristasi dil biliyi va nitg kommunikasiya strategiyalari, asas danisig bacariglari bélmalar
(st saviyyada va ya narahatlig kimi affektiv amillarla bagh dastaya ehtiyaci ola bilar. Fransiz dilinin
tadrisinds KT (informasiya ve kommunikasiya texnologiyalari) - dsn istifads sagirdlarin
motivasiyasini yiiksaltmakla yanasi, dilin kommunikativ tadrisini daha effektiv edir. IKT-dan istifada
edilarak sifahi nitq bacariglari, dinlema, oxuma va yazma bacariglari inkisaf etdirils bilar. IKT-dan
istifada sagirdlarin maragini calb edir va dil dyranmaya olan havasini artirir. Hartarafli bacariglarin
— sifahi nitqg, dinlams, oxuma va yazma vardislarinin — inkisafina kdmak edir. KT, kommunikativ
yanasmani dastaklayarak sagirdleri real Unsiyyate hazirlayir. Tadris zamani sagirdlarin psixoloji
xususiyyatlarini nazara almaga imkan verir, bu da IKT- nin effektivliyini artirir. Dilin
manimsanilmasinda motivasiyanin yeri va rolu danilmazdir. Motivasiyasiz dil dyranan hec vaxt
uzunmuddatli magsadina nail ola bilmaz. Misllimlar nazara carpacaqg daracada dil dyrananlarin
motivasiyalarina tssir eds bilarlor. Bu asas acar element kimi saciyyalandirilir. Bu da dilin
manimsanilmasinda vacib amil kimi xarakterizs edilir. Havas, empatiya, antuziazm dildyrananlarin
dila hassasligini artirir va muallim — tahsilalan arasinda saglam muinasibat formalasdirilir. Bundan
alava, muallimlarin asas magsadlarindan biri da dildyrananlarin mistaqil olmalaridir. Bels ki, onlar
bununla misyyan masuliyyatlar hiss edir, onun ¢akisini anlayir, garar verarkan tahlillar aparirlar.
Bu ham sinif daxilinds, ham da sinifdenkanar ola bilar. Lakin, onu da soylamak yerina disardi ki,
tahsilalanlarin sarbastliyi universal bacarigdir va ylksak dayarlandirilmalidir.

Sinifda va ya auditoriyada tahsilalanlarin tacriibasi o zaman faydali va dayarli olar ki, onlar iKT- dan
istifade zamani tahsilveranlardan dastak alsinlar. Bunlar bas verdikda onlarin mustaqilliyi Gglin
daxili manavi zanginlasma bas verir, sinif muzakiralari arzinds onlari kommunikativ yonimli
foaliyyata sovq edir.

Dil musallimlari avvallar dyratdiklari kimi dars deyirlarsa, o zaman ingilis dilini dyranmak Ugln talab
olunan magsadlara nail olmaq bir gadar ¢atin ola bilar. ©nanavi tadrisda dil bacariglarini (dinleams,
oxuma, danisma, yazi) inkisaf etdirmak Uclin ssmarali va ya yaradici faaliyyat tamin edilmirdi. Bu
sababdan xarici dil musallimlari texnologiyanin inkisafini Grakdan algislamali ve ondan tadris
prosesini dastaklamak Uglin bir vasita kimi istifade etmsalidirlar. Yeni tadris Gsulu har bir muallim,
sagird va valideyn tarafindan yliksak giymatlandirilir va regbatla garsilanir. MUasir texnologiyalar-
dan istifadanin asas magsadlarindan biri talabalari dil 6yranmayas faal sakilda calb etmak va onlari
ingilis dili bacariglarini praktiki va real sakilde manimsamaya havaslandirmakdir Bu, sagirdlarin bir-
biri ila Unsiyyat qurmaga havaslandirmaya yonlandirilmisdir.
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Abstract.

It is essential to take actions in various directions to update and improve the quality of
modern higher pedagogical education. The perspectives of pedagogical education include
updating curricula, implementing innovative teaching methods, enhancing teachers’
professionalism, improving the assessment system, expanding the use of digital technologies,
strengthening pedagogical practice, promoting research-based teaching, and increasing inclusivity
in education.

One of these important directions — the development and broad implementation of
innovative teaching methods — can have a positive impact on improving educational quality. This
article focuses on the case method, which is based on the analysis of real or simulated events and
helps apply theoretical knowledge to practical problems.

Innovative teaching methods enhance students’ activity in the learning process, ensure the
development of practical knowledge and skills, encourage creativity and critical thinking, and
improve collaboration skills. Systematic and strategic implementation of these methods can
enhance the content and quality of modern higher pedagogical education and make the
Azerbaijani education system competitive at the international level.As one of the main modern
innovative teaching methods, the case method allows students in higher pedagogical education
to apply theoretical knowledge in practice, develop analytical thinking, and improve decision-
making skills. This method is also a powerful tool for improving the quality of pedagogical
education and creating content that meets modern pedagogical requirements. The use of the case
method in the teaching process can ensure that pedagogical specialists become more professional
and adaptable, thus contributing significantly to the overall development of education.

The case method is an approach used in teaching and analysis that aims to study a particular
situation, event, or problem in depth. A case, based on real or imagined situations, allows students
to analyze specific topics or problems, make decisions, and evaluate outcomes.

A case typically focuses on the analysis of a specific topic or issue, which may be based on
real-life or simulated situations. It requires students to conduct a detailed analysis and draw
conclusions based on given information. Since analyses are approached from multiple
perspectives, students acquire multifaceted thinking and the ability to understand complex issues.
Moreover, the case method aims to develop students’ analytical, decision-making, discussion, and
creative problem-solving skills.

There are several types of cases: analytical, decision-making, targeted, and research.

In analytical cases, the description of an event or situation is provided, and students are asked to
analyze it.

In decision-making cases, students are presented with a problem and are required to decide how
to solve it.
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Targeted cases differ from others in that students are given specific ideas and strategies to solve
a particular problem.
In research cases, students are provided with a topic and asked to conduct in-depth research.

Using cases in the teaching process offers many advantages, including the creation of an
active learning environment, development of practical skills, enhancement of creative thinking
and self-expression, improvement of collaboration skills, increased motivation, and reinforcement
of knowledge. The case method encourages active student participation — learners not only
receive information but also analyze and apply it.

The case method is highly effective for developing practical skills. Students learn to apply
theoretical knowledge in practice and understand how to use it in real life. It prepares them for
real-world challenges by fostering analytical, critical, and creative thinking skills. Real-life situations
increase students’ interest in topics and boost motivation. Through active participation in
discussions, students learn to express their opinions and make decisions, thereby enhancing their
communication and self-expression abilities.

This method not only improves students’ analytical, problem-solving, and decision-making
skills but also strengthens their communication abilities. Working collaboratively within groups,
students learn to analyze problems and make decisions together. Participation in discussions, idea
exchanges, and group work develops their social skills.

However, alongside advantages, the case method also presents challenges such as lack of
teacher preparedness, insufficient resources, time constraints, assessment difficulties, and lack of
student motivation. To overcome these issues, teachers must undergo special training and master
the methodology. The use of modern technologies can make it easier to create real-life scenarios
and save time. To avoid difficulties in assessment, it is essential to ensure that cases are grounded
in theoretical frameworks. Lessons should be designed interactively and engagingly to reduce
student passivity and disinterest.

Research shows that students who learn through case methods understand material better
and retain it longer. To increase the effectiveness of the case method, it is important to focus on
clear objectives, realistic scenarios, theoretical grounding, ensuring group discussions and
collaboration, and creating a supportive and motivating environment.

In conclusion, the main goal of the case teaching method is to equip students with the ability
to make sound decisions in real and complex situations. The case method is used to analyze and
understand specific situations, problems, or events. In education, cases are particularly valuable
for practical and applied learning approaches, as they involve real-life descriptions. This method
helps students develop thinking, problem-solving, and discussion skills.

The case method in education serves the goals of conducting analyses, solving problems,
teaching practical skills, and organizing interactive learning. When using this method, students
analyze real or hypothetical situations, learn to approach them from different perspectives,
engage in discussions, make decisions, and apply theoretical knowledge in practice. The case
method creates an active learning environment that brings together various learning styles (visual,
kinesthetic, auditory), providing opportunities suited to each student’s needs.

Ultimately, the case method makes the learning process student-centered, interactive, and
practical. It not only teaches knowledge but also develops students’ analytical thinking, leadership,
and decision-making skills. As an innovative and effective approach, the case method should be
widely applied and continuously developed in modern education systems
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5IO/TOMMA CABAFbIHIA
IBPUCTUKA/IBIK BOICTEP APKbI/Tb|
OKYLLBITAPABIH BIAIMIH KETIAIPY

tOcynosa [lnnbHo3a KopabaeBHa

“125 Internaional School of Turkistan” mekTebiHiH 61onorna naH myfanimi (Kasakcma,
TypKicmaH K.)

CanapoBa HurnHa baTtblpxaHKbi3bl

“125 Internaional School of Turkistan” mekTebiHiH 6nonorna naH myfanimi (Kasakcmad,
TypkicmaH K.)

Anpatna. byn makanaga 6uonorma cabafbiHAa@ 3BPUCTUKANBIK SAIC apKblibl OpTa
MEKTENTiH, OKYLWbIaPbIHbIH BiNIMIH KeTinaipy Typanbl 3epTTey *KYMbICTapbl KapacTblpblafaH.

“125 International School of Turkistan” mekTebiHiH 1-CbiHbIN OKYLUbIAPbIHA
3BPUCTMKANbIK SAICTI KaHe OaKkblnay a4iciH KongaHa oOTblpbin, 6uonorma cabarbiHAAFbI
reHeTUKaNbIK TYXblpbiMAaMaapbl CcapafaHAbl *KoHe TreHeTMKablK ecenTepdi Lewyre
OaFablNaHabIpblAAbl. 3epTTey XKYMbICTaPbIHbIH, HOTUXECIHAE FeHETUKAbIK HEMECE Ke3-KeareH
BuonornaAnbIK ecenTepai 3BPUCTUKANbIK BAIC apKbl/bl WELLY eH, bIHFalbl 84ic 60/1bIN TabblNabI.
Kasippri umdpnaHabipy 3amaHbiHAa Oacekere KabinetTi bonaliak mamaHaapabl Aaspiayaa
3BPUCTMKANDIK DAICTIH Herisri NpuHUMNTEpPi KepCeTiNLi KoHe OKyLWblnapablH 94icTi Aypblic
nanganaHy makcaTblHOa ic-Taxipnbenik KabineTrepiHiH, MyMKIHAIKTEPI KapacTblpblaabl.
3epTTey KbI3METIH »Kyprisy 6apbiCbiHAA 3BPUCTMKANbIK OKbITYAbIH, 4 a4ici (6eniHy TeXHWUKAChI,
MHOYKTUBTI 9iC, KbICKAPTY 9/iCi, KOHCTPYKTUBTI 94ic)0ap eKeHAiri aHbIKTanabl. IBPUCTUKANbIK,
9AICTI KOoNJaHyaa MyfaniMmHiH MiHOEeTi — Buonornsanbik 6inim Hepyaeri nouectepiH XaHe
OKylblnapabl backapy byKin xyhene aepbec spekeTTepi KepceTidi »aHe 3BpuKa agiciHae
OKYLUbINAP LWbIFapPMaLLbIAbIK OMAaYbl MEH KMAAABIH, KYLWiIH KOAJaHa OTbIpbIM, 0nap KaHaan aa
6ip NornKkafa HerisgenreH Kofanasl Wewimaepai Tabyra barbITTanap.

Makanaga [. lNoMaHblH, reHeTUKablK ecenTepai 3BPUCTUKAbIK 34iC apKblabl LWeLly
MbICandapblH ana OTbIpbIN YAriAepre Tangayiap *KacanblHAbl. 3epTTey KYMbICbIHA KaTbICKaH
OKYLUblNAp TEHETMKANbIK ecenTepai 3BPUCTMKA/bIK 34iC apKblabl Lellyi KaHaal aeHrenae
TYCiHIKTI ©ONfaHbIH CcayanHamaafbl KepceTKilTepaeH 6aika anambl3. CayanHamagarbl
KepceTKiwTepiHe can 72% - »ofapbl, 20% - opTawa, 8% - TOMeH AeHrennepi KepceTingi.
CoHpal-aK, okylblnapfa «buonormanbik 6inim 6epyne 3BPUCTUMKANbIK SAICTIH  bIKTMMAN
cananapbl Typanbl OKylWblNApAbliH, Mikipaepi» aTTbl cayanHama Kyprisingi. CayanHama
HaTMXenepi boMblHWA, 25 OKYLWbIHbIH, iWiHAEe 6 OKYLWbl - cabakTa, 2 OKYLUbl - CbIHbINTAH TbIC
YMbICTa, 4 OKYLIbl — ©3iHAIK XyMbICTapaa, 8 okywbl — ¥YbTaa aen 6enrineai. OKyWblnapabiy,
6iniMiH 3BPUCTUKAbIK SIC apKbl/bl XeTingipy eH, Tnimai npouecc 6bonaasl. CayanHamagasbl 25
OKYLWblNapAplH, iWiHeH cabakta 24%, CbiHbINTaH TbIC »KymbicTa 8%, skobaga 16% ,e3iHAiK
*KymbicTapaa 20%,YbTaa 8% KamTuabl.

OKylWblNnapaplH, 6iniMiHIH, cananbl HONybIHA KoHE 3BPUCTMKA TYXKblIPbIMAAMAChIHbIH,
NPaKTUKanblK 6eniri 3BpMUCTUKaNbIK 8A4iCTi KOoAAaHa OTbipbIin BiniMiH XeTingipy Tvimai 6onapsl
aHbIK.

KinT cesaep: IBPUCTUKANbLIK OKbITY, Bruonormaneik 6inim bepy, aspuKka, moaenbaey,
reHeTUKabIK ecen, MHHOBALUMAbIK OKbITY, KOHCTPYKTUBTI 3iC, aHrimenecy.
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Kipicne

Buonoruansik 6inim bHepyne OKyliblAapAbiH, MaTepuangapbiH  Aypbic nanganady
apKbiAbl LWbIHAWLI BMIPpAE KONAAHbICKA eHri3e anaTbiHbiHA MyMKiHAIKTep BepinreH. buonorna
cabafblHO@ 3BPUCTUKAMbIK SAiCTEpAi  KOAAaHy apKbiibl OKylWblNapAblH, 3epTTeyLWinik
KabineTrepi apTTbipbl/biN, OKYLWbINAPAbIH, KYHAENKTI emipae 6uonorna cabarbliHAafFbl anfaH
GinimaepiH KaxkeTTiriHe »KapaTy eH MaHbi3abickl 6onbin  Tabblnagbl. UudpnaHabipy
3aMaHblHAAFbl OKbITYAbIH BACTbl MaKCaTbl-*KapaTblibiCTaHy cabaKkTapbIMeH Kbi3bIKTbIpFaHbIMEH
wekTenmenai, 6iniMHIH TaHbIMAbIK AEHreMiH XofFapbliaTy, aHaAUTUKaNbIK LebepnikTepiH,
AYHUETaHbIMAbIK Npobiiemanapra AypPbIC XKIHE KblAJamM LeWiM LblFapy KabinetTepiH KaHe
3epTTey KYMbICTAPbIH XKyprizyae i3geHyWwinik AafablnapblH AaMbITy. DBPUCTUKANbIK OKbITY
Hemece 3BPUCTUKA/bIK daicTepaiH, 6acTanKkplCbl-MHTEPAKTUBTI agicTep Aen OiniHeai. Atan
anTKaHAa, 3BPUCTUKANbIK SA4iCTeP-UHHOBAUMANbIK a4icTepiHiH, Bip Typi 6onbin Tabblnaabl,
3BPUCTUKANbIK 3Aic — npobaemansik aicke yKcac BoFaHbIMEH OKyLUblAapFa Tancbipmanap
bepeni »kaHe benrini 6ip AypbIc welim 601Main, apkim e3 welliMmiH Tabaabl. MHHOBaUMANbIK
OKbITYAbIH Oy Typi KebiHece binimai nrepyre emec, oKyLLblNapPAbIH, WblFapMaLlblblK AaMybliHa
apHansaH [1].

SBPUCTMKANDBIK 3aicTep HeriziHae Exkenri Mpeumana CoKpaT YCbIHFAH XaHEe Fa/ibiM 63iHiH,
6inim anylblnapbiHa cypakTap KOMbIN, HOTUXKeNepiHe Kapan oinayfa KaHe Aypbic cennecyre
yrpeTeai. CoKpaT yakbiTbiHAa Nanaa 6onfaHbiHA KapamacTaH, Kasipri TaHJafbl neaarornka
canacbiHa eHrisingi. CoHAblKTaHAa ofaH Oenrini 6ip  OeKiTiAreH aHbIKTaMacbl KOK.
NHHOBaUMANBIK SAICTiH BYA Typi 3BPUCTUKA aHbIKTaMacCblHAA TEK NpaKTUKanbIK 6eniri 6onbin,
ap TypAi Macenenepaj lellyre, meHrepyre 6afbiTTanfaH. IBPUCTUKANbIK OKbITY — bIHFaMNbI
OHE KaKeTTi eKeHiHe Kenin bepinmeni, KakblH apanblKTa MakcaT KOKFa XeTKiNiKTi 6onaabl.
D/icTiH, bacTbl epeKweniri — macenenepdid wewimiH Tabyra MyMKiHZIK Oepin, spTypAi
TEXHMKaNapAblH, *UbIHTbIFbIH Kypalapl. [pek TiniHEH aydapfaHia «3BPUCTMKa» JereHimis
«Taby,awy» MmafblHanapHbl 6ingipedi. ¥nol bpuTaHuagasbl Vimnepuan KoANeaKiHiH, OKbITY
Tosipubeci orapbl AeHrenaeri FeHpun 34Bapa APMCTPOHT By SAiCTiH, sKaKTayLbicbl boaabl.
APMCTPOHT aiTybl BOMbIHLLA:-KOKbITYAbIH, ©3iH AYPbLIC KeTKi3yre, 6inim anywblnapablH, 6inimiH
XeTingipyre eH, TMimai aaic 6osbin Tabblnadbl. FbiAbIMABI FbIABIMU TYCIHAIpYMEH ©Oenex,
neaarornkanbliK TyciHAipy eki Typni 3aT1. CoHaan-aK, OKyllblAap ocbl Npobaemanapabl Hemece
TancbipManapabl ©34epyi Keke 3epTTeyi Kepek». byHbIMEH, 3BPUCTUKA/bIK 94iC KeMerimeH
6inim anylwblnapapiH, 3epTTey apKbl/ibl OKMUTbIHBbIH KOPCETIN KaHa KOoMMan, Katenepai Aypbic
YaKbITTa TY3€ETiHiH aHbIKTanabl[2].

Buonoruansik 6inim bepyaeri aBPUCTUKaNbIK OKbITYAbIH MaKcaTTapblH KeneciHaewn
TizbekTel anambl3. EH angbimeH 6Ouonormsa cabarbiHAafbl  WblFapMallbiabIK - Nikipaeyai
}eTinaipy Kanbintacagpl. [loHHeH anfaH TeopuAnblik 6OinimaepiH 3 6OeTiHWwe Aypbic
KanbINTacTblpybl, Oinimai wurepyi, Teopusanblk 6iniMmai npakTMKaga KongaHy anropuTmiH
KypacTblpabl »aHe OKyllblAapdbiH 6MON0rMA MaHiHAEe TaHbIMAbIK Kbi3bIFYLIbIIbIKTAPbIH
[ambiTa any KabinettepiH »KaTkbizambl3. CoHAalM — ak, OMONOrUANbIK ecenTepai N0rMKablK,
TYpFblAa Welyai KapacTblpadbl. Kannbl anfaHaa, bnonornansik 6inim bepyne aBpucTMKa aficiH
KON AaHyAafbl aHbIKTaManapAblH, pecypcrapdbiH 6annaHbiCbl KOTHUTUBTIK aybITKY1ap TYAblPYbl
MYMKIHAIT 6ap. Agamaap MeH eHAIPICTIK »KepaepdiH Aypbic emec wewimaepai Kabblngay
MYMKIHAIT TybiHAaMAbl. CoHAa Aa aHblKTaMaHbl yFbiHY By XafaainaaH anbic 6onyFa Kapaem
bepeni. AKbln oM, Aepbec NiKip sKaHe KpeaTMBTi TaHbalanapb! KMbiH XaniTTepae Te3 HaTUXEHI
acayfa Hemece KbiCKa Mep3imae »KeHin dakTinepre biHFanabl Wewimaepai aHbikTanabl [3].
CoHbiMeH byn MaKanaafbl 3epTTeyaiH MaKcaTbl 3BPUCTUKA/bIK OKbITY apKblabl Hronoruns
cabafblHaafrbl BiNiIMiH KeTiNZipy KaHe OKyLWblNapablH, OOMbIHAA KaH-}KaKTa KeTi/IreH TyAFaHbl
KanbinTactblpy. Ocblnarila, 3BPUCTMKANbIK JZIC apKblabl OKylblNapAbiH  O6UONOTUANBIK
yFbIMAApbIH Binyae, ecenTepiH wWellyae, TEOPUAbIK aknapaTTapabl Urepyae LbliFapMallblablK
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KabineTTepiHiH AamybiHa BafbITTanfaH. DBPUCTMKANbIK OKbITY apKblabl €CTe CaKkTayfa apHaifaH
Tancblpmanap bepinmeni, SFHU MHHOBAUMANbIK SAICTiH, Oy Typi OKyLWbIAPAblH ecTe cakTay
KabineTiH AambiTyFa apHaamaraH. OKbITy4a aCCUMMAALMA XKYPTisinei, okyLlbliap yWiH e3iHAaiK
WbIFAPMALUbINbIK HOTUXKE WbIFapyaa KOA4aHblAaab!.

Tanaay meH HaTuxenep

IBPUCTUKANBIK OKbITY apKblibl BUONOTUANBIK YFbIMAAPFa IOTMKA/bIK, aHAAUTUKANbIK,
CbIHW, LWbIFAPMALLbINbIK OMAayabl AaMbITy aca MaHbl3abl. Byn WMHHOBAUMANBLIK a4ic
TUIMAINITIMEH, TONbIKTbIFbIMEH, KblAAMbIFbIMEH epeKLleeHin, 3BPUCTUKANbIK aaicTeaeri
3epTTey KYMbICTapbl BenceHainikTiH, »Kofapbl AaperkeciH KepceTedi. OKyllbliap apacbiHAa
e3iHAiK bacekenecTik naga 6onaabl XKoHe ©3apa WbiFapMallbliblK cMnaTka e 6ona anagabl.
Byn Tacin apKbl/ibl OKylblNap 63 HETIMEH XYMbIC Kacall any KabineTi KeTifedi KaHe »KaHa
6inimai e3 beTiHWe urepineni. BUONOrMAHBI 3BPUCTMKANBIK OKbITYAa MYFaniMHIH andbliHAa eH
Heri3ri 6onfaH acnekTinepai Taby miHaeTi Typaabl. buonorma cabarbiHAasbl apbip TaKblpbIN
HoMbIHLIA KIHE OKylblNapablH OacTankbl WbiFAPMaLlbIAbIK  3epTTey  VIUIH KarFaanapl
KO/KETIMAI  eTedi. 3epTTey KYMbICTapblH  Kyprizy 0OapbicbiHAa OKylWbliap  ©3iHiH,
TYXbIPbIMAaManapbiH, NikipaepiH, boakamaapbiH, COHAan-aK, ©3i Typasbl BiNIMHIH, BHIMIH
anaapl

CoHAal —aK, 3BPUCTMKANbIK SAiCTepAiH MakcaTTapblH 3epTTei Kene, 6Guonorua
cabafblHblH, MyfanimaepiHe bipHewe miHaeTTep Xikteneadi. Onapabl Kenecigel TonTapFa
XiKTen Kaparmbl3: Buonorva naHiHgeri cabak TakblpblObl OOMbIHWAE OKyWblNapAblH, Oinim
KOPbIH TOMbIKTbIPAaAbl. DBPUCTUKAbIK OKbITYbl HOMbIHLIA OKYLWbITapAblH, OinimiH KeTingipeai.
Binim anywbinapabiH WbliFapMaLlbiablK OMAAPbIH AaMbITa any KabineTrepi Kanbintacaapbl KaHe
Kemen Ty/Fa OCbl 3/iC apKbl/ibl TopbueneHesi. byriHri TaHAa MHTEPAKTUBTI a4iciHiH, Bip Typi
H6onfaH 3BPUCTMKANbIK OKbITYblAbIH OipHelle aaic-Tacinaep 6ap. IBPUCTUKANbIK OKbITyaa
WHTEPAKTMBTI SAICTiH *aHa onnapbl, *KaHa Kobanapbl, 3epTTey *KyMbICTapbl, ONMMNNAAANbIK,
KOHKYpCTapbIH Kypaiapl[4,5].

IBPUCTUKaNbIK OKbITyAa benrini 6ip 6inimai HakTbl MeHrepy KaskeTTiri 6oamanabi,
OKYbILWbIHbIH, FbIAbIMAbI LbIFAPMALLIbIALIK TYPFblAa MEHrepy KaKeTTeiriH aTanabl. CaKkeciHLle,
dOU3MONOMUANDBIK Kac epeKLlenikTepiHe Kapal 6uonorma cabarbl OOMbIHLIWA LWbIFAPMALLbIbIK,
eTicTikTepi 6baranaHaabl. TomeHAeri KaTapaa 3BPUCTUKAbIK OKbITYAbIH BipHelle npuHumMnTepi
KepceTinreH: EH anabiMeH fblbIMAbl UTEPY Ke3iHAe OKYLLUbIHbIH, }eKe MakcaT Koa BinyiH aTtacak,
eKiHwWi 6onbin Buonornsanbik 6inim Bepy TPAEKTOPUACLIH capanay KaxeTTiriH atan KepceTted.
binim 6epyaeri TeopuanbIK Ma3MyHAapAbIH MeTanaHAiK HEeri3aepi OKyAblH HOTUXKECIMEH TEPEH,
bannaHbicka e 6Honaabl. binim anywbiHbiH, b6iniMmai keTingipy KesiHaeri 6acbiMablibifbl
nobaemanblK KaHe KaFaaaTTblK OKbITYAa aHblKTaNadbl KaHe Topbuenik maHi bap pednekcma
Hemece iWKi TYMCiKNeH ylTacTbipaabl [6].

3epTTey KbI3METIH »Kypridy bapbICbiHAA 3BPUCTMKAbIK OKbITYAbIH BipHelle saicTepi bap
EeKeHAIri aHblKTanabl. AMepmnKaaa KoNA4aHfFaH KenTereH sBpUCTUKabIK SA4ICTEP XKiKTeNreH:

1. BeniHy TexHWKacbl — eH, anfallKbl PeT KoAdaHblAFaH aaicTepaid 6ipi, Konannbl aen
b6inreH Kiwiripim iwKi npobnemanapra 6HeniHeai. Kocbimwa macenenepai 6ip-bipimeH
BipikTipineai skaHe eH CoOHbIHAA BacTanKkbl NpobiemaHbl aHblIKTayFa asbin Keneai.

2. MHAYKTUBTI a4ic — aHbIKTaNfaH macene, anabiMeH Hactankbl NnpobiemanaH KillkeHe
Macenepai aHbIKTayfa Kemek bepegi.

3. KbIicKapTy aajici — npobnemanapblH, KONTEreH YAKEH KaHe apTypAi cebentep meH
dakTopnapmeH 6alnaHbICTbl 6oNFaHAbIKTAH, Gyn Tacin npobnemara LWeKTeynepai anapiH
Tanganasl. byn 6actanksl NnpobiemaHblH, Tayenci3iriH a3anTbin, OHbI LWeLWyai KeHinaeTesq,.

4. KOHCTPYKTMBTI aaic — macenenepai atan H6o0MbIHWA Kacay Typanbl. EH KillkeHTal
aHblKTamMada »eHic peTiHae KapacTbipblnadbl. Ocbl caTreH 6actan aepbec Kagampaap
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¥KacanblHaabl. byn 3BPUCTUKANbIK SAICTIH eH, aKCbl TaHAaynap 60nadbl *KaHe eH COHbIHAA
TUIMA| HOTUXKEre asbin Keneai.

CoHaan — akK, »ofapblaarbl 3BPUCTUKANbIK dicTepai KondaHyfa bipHelle mblicanaap
Kentipe anambi3. Mbicanbl, AlHa pAereH Myfanim oKylibliapabiH ¥bTaaH TemeH 6ann
anynapaaH KOPKbIM, bIHFANbI }KaHe TUIMAj AaMbIHAbIK *KOCNapbIH OMan TanTbl. IBPUCTUKAbIK,
94iCTiH epeKle 6on,aHbl Te3 wWeliMm Kabblngar any MyMKIHAIT eKeHi aHblK. IBPUCTUKANbIK
OKbITYZa LWewim Kabblngay »KacaHabl MHTENNEKTKe LWelywi pesn KbI3MeTiH aTKapagbl.
KonxeTtimai 6onfanH nnatdbopmanapbl HeMece aknapaTTapdbl TOrMKasblK MEHTEPTYKIe anbin
KeneTiH KOrTHUTUBTI BenimainikTi biHTanaHabipaabl [7].

NHHOBAUMANBIK SAICTIH Typi — 3BPUCTUKANbIK 3AICTIH, Tancbipmanapabl wewy
cTpaTernsnapbiH asipneyae Heriz 60abin Tabblnagbl. IBPUCTUKANIK SAICTIH epexkenepi MeH
6enrini 6ip amangapbl OKbITyFa OarbITTafbiMN, WbIHAbIKKA Kapal KyprisifeTiH nikipnepmex
@3apa 6alNaHbICTbl. AFHU, IBPUCTMKANbIK OKbITY-MHAYKLUMAFA, aHANOTMANBIK OMNayFa KoHe
backa Aa nikipnepaiH, npouecTepiHe HerisgenreH aepbec nikipnepi 6onaabl.

MyHAan HerisgenreH NpUHUMNTEPAE CTPATErUA/bIK OWNaydbl €Ki OM KOPbITybIMEH
KapacTblpblaaab:

1. Janenpeywi nikipnep;

2. OBPUCTUKANDBIK NiKipaep.

Byn eki o KopbITynap Hip-bipiMeH aknapaTTblik, KaMTamMachi3 eTyre Tayendi, bip TypaeH
eKiHWi Typre eTyae bip-6ipiH TONbIKTbIPaAbl. TEMEHAEri KecTeae IOrMKa CxemanapbiHbiH, YKcac
npouecTepiHe can eKi oM KopbITyblHAaFbl MPOLECTIH *KyMbICbl KepceTinreH (Kecte 1).

Kecte 1. lanenaeyuwi nikipJiepMmeH 3BPUCTUKAbIK NiKipaepaiH, 6annaHbichl

/_\

°A ° A B *
[}
e A-niKip A
[ ) -
o B-manra H WIbIHABIKKA
e B-akuKaT

Kectene eki Typai onabiH 6annaHbicbl KepceTingi, 6ipiHwi oaa, Asnenaey nikipnepi A-
B; A-nikip, B-*kanfaH,cangapsl, afHK 6yn kepae B — aypbic bonfaHbIMeH, Asnenaepai aypbic
KonaaHbaybl, npobnemanapabl Wewneyi A KOMNOHEHTI Ae KanfaH 6onbin Kanaabl. EKiHWi
nikipae, 3BPUCTMKANbIK O KOPbITYbIMEH Ky3€ere acblpbliagbl.

ofapblaasbl KecTe BoMblHIWA OKyLUbl Benrini 6ip Tancbipma opbiHAay 6apbicbiHAa,
nanbiH 6inimai con 60Mbl Kabblngaman, OHbIH, Keke ToakipubenepiHe cyleHe OTbIpPbIN
HaTUKenepimeH canbiCTbipaZbl. OKywWbINApAblH  CbIHW  OMAAYbIH  KAAbINTACTbipyAa OKy
MaTepuanbliH AypbiC TaHAAyFa aca KaTTbl Ha3ap ayZapblaybl KaxKeT. binim anywbinap oKy-
Topbue ypaiciH AnAaKTMKanbIK Kobanayaa WMHHOBAUMANBIK S4icTepai NaraanaHy apKblibl
Buonornanbik Hinimi xKetineq,.

CblHW OMNayblH KanbiNTacTbipyAa KeneciHaen Tafbl 6ip npuHumni 6ap. bapabik
NPUHUMNTEPAI epeKle ecKkepe OTbIpbiN, OKyWbINAPAbIH €H MaHbI34bl NCUXONOTUANBIK
KaCMeTTepiHiH, MaHbI34blNblfbl- aKbll OM dpeKeTiHae, Binimre aereH KylWTap/blfblHAQ *KaHe

MiHE3-KY/IbIKTbIH, CbIPTKbl GOpManapbiHaa Ce3ci3 KepiHeai [8].
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IBPUCTUKANbIK, OKbITY BOMbIHIWA BMoAOrMANbIK Binim Bepyai KongaHy weriH negaror
aHbIKTaMObl aHe 3epTTeywinepdiH NpakTUKanblK WoayAapbl oKy OafaapnamachbiHbiH, Kes-
KenreHiH nanaanaHyaa o3bik Taxipmnbere ne, 6iniMm anylbiNapabiH WbiFaPMaLLbIIbIK AEHIEeNiH
Ke3-Ke/IreH »KacTa yMbIMAacTbipblnaTbiH aaicTepaeH balikayra 6onabl.

OKylWblNap 3BPUCTUKANbIK 34icTepai a24eTTe e34epiH LWblfapMallbliblKNeH KepceTy
MaKcaTbiHAa TMiMAi aen 6ineni. Knsan wekciz 6onraHbimeH 6inim 6epy apkawaH benrineHreH
6inim Bepy TananTapbl MeH CcTaHAApPTTapbl Kyheni Typae 6onaabl. KuanmeH 6ainaHbICTbI
HbonFaHAbIKTaH MyFafiMHIH, anablHAA OKY MNPOLECIH KapKblH, CEPMNiHAI ¥OHEe KbI3bIKTbl €Ty
Ka*KeTTiniri TybiHaanab!.

IBPUCTUKANLIK OKbITYy TexHonoruAacbiHda bOipHelwe aaicTepai KamTyfa 6Honagpl:
Cyxbatracy; oHrimenecy; lMaHenb aaicTepi; MikipTanac; 3spuka; Moaenbaey; WHsepcus;
Tankblnay. byn aBpucTuKanbik aaicTiH bipHele Typaepi Aen Te atacak 6onaabl. bBuonornsanbik,
6inim 6epyaeri byn sgictepaid 6apabiFbl KepemeT Tacin aen binemis. IBPUCTUKANLIK NiKipTanac
a4iciHe KeneTiH Honcak, oKyLUblIap Welim bepy ascbiHAa 3PTYPAI WeliMmaepai opTara casbin
@3apa nikipaepiH anTaabl. IBPUCTUKAbIK DAiICTIH MaHbI3bl OCbl 3/iC apKblabl balkanaabl, AFHA
OKYLIblNAp ©3iHAIK epKiH OMMapbiH alTadpbl *KaHe 0N Kepae benrifi 6ip AypbIC WeLiM oK,
eKeHAairi anTblnaapl.

Kofapblaarbl  3BPUCTMKANbIK — aaicTepAiH  bOipHewe  GafblTTapbl  KOPCETINTEH,
3BPUCTMKANbIK SHTIMENecy OKyLIblNapabiH Aepbec nikipaepiH KaHe KayanTapbiH backa apHara
HerisgenTiH bipkaTap cypakTap. lc-xyprizy 6apbicbiHga 6iniMm  anywbinapabiH, bipHelwe
daKTinepai, KybbinbiCTapabl allybl OPbIH anapl. IBPUCTMKAbIK SHIIMeNecy OoKyLblnapabiH,
WbIFAPMaLLbIAbIK OMAAYbIH, KPEaTUBTI KaHEe NOTMKablK onnayfa biknan etedi. OpTa mekTen
OKyLUblAp MINIIMETTEpAl  urepyaiH  HaTukeci  Tuimai  a4icTepi  KasblinTacadpbl.
KoppeKunanaHbaraH *yMbiC *KoCnapbl AypbIiC emec Aen 6oaxKay KOPKbIHbILWbI *Kofanaabl [9].

IBPUCTMKANbIK MOAENbAELY S/iCi — OKYLLbINAPAbIH, 6iniM canacbiH apTTbipy MaKcaTbiHAA
nanga 6onfaH apgic 6onagpl. buonormansik 6inim bepygeri Kypaeni TepTin dopmaTbiHaa
H6onaTblH MOAeNbAEPAl KYPYFa HEri3aenreH.

Enimisoe Oyn 3BpUCTMKaNbIK Modenbaey aaici 60-blngap edrisine 6actangp.
IBPUCTMKANbIK aaicneH dopmanapabl KYPyAblH TMiMAj HaTUXKere ne 60naTblH NPOLUECC KeNeci
}OAMeH Kypbliaabl. Okylibliapra Kenbip ecenTeynephi ©3 OMIapbiH  aybi3wa LWewy
YCbIHbINAAb! *aHe Bapblk Aepbec nikipaepi xaTramara *Kasblnabl. BUONOTrNANbIK FeHETUKAbIK,
ecentep , KOAZaHbIAATbIH OnepaumnsnapablH, XxapakTepaepi, onnapbl, NOrMKaAbIK ecenTepai
WbIFAapy YCbIHbLNAAb!. ¥CbIHbICTbI Tanday bapbicbiHAa, anblHFAH aknapaTt ocbl Typae bepineTi
MOZEeN KOMMNbTEPAIK bargapnamanap Kypyaa KongaHblnagsl. Mbicanbl, OKyLIblIApAbIH,
6iniMiH 3BPUCTUKANbIK SA4iC apKblAbl METiNAipy MakcaTbiHAa KOMMTIOTepik bafgapnama
Kypblnaapl 2pTypAi OHMaWH TeriH nnatdopmanapbiHAa TeHeTUKablK ecenTepai Lwellyre
apHanfaH 6onybl, moaenbaeyaeri bopmanap HEMPOHAbIK Kyenepai atanaabl. Ockl cebenTeH
barnapnama moaenbaey a4iciH NnanganaHyLlblAapabikbl eMec baraapaamanapasl Aypbic Urepy
H6obin Tabblaabl.

KenTipinreH agictepaiH 6apablFbl Aepnik buonormuansik 6inim 6epyae okylbliapabiH
6inimiH *eTinaipyne Te3 apaga Hatuxkere addekT bepinea,.

«3BPUWKa» dici — okyLWblnap cabak yCTiHAe 3NEeKTPOHAbI TYPAE ecenTiH, WwellimiH Tabyfa
WaKbipblnaabl. Mbicanbl, 3NEKTPOHAbIK KiTaxaHa, BUPTYandbl 3epTxXaHasjblK Taxipnbe kaHe
CbIHbINTAH TbIC XXyMbICTap (}koba aaici xyprisineai), TypAai KiTantap, pecypcrap.

By aaicTi KoNJaHyAa MYFaniMHIH, MiHAETI — Bronoruansik 6inim 6epyaeri nouecTepi
YKoHe oKylblnapapl 6ackapy OyKin xkyhene aepbec sapekeT eTeni. IBpUKa aaiciHAE OKyLblNap
LWblFapMalLLbl/bIK OMaybl MEH KMANAbIH, KYLWiH KONZAaHa OTblIpbIn, 0Nap KaHaal aa bip norvkara
HerisgenreH Konanabl Wwewimaepai Tabyra barbiTTanfaH. 3epTTeyinep 3BPUCTUKAbIK SiCTi
KonaaHyaafbl ©3 TaxipnbenepiH okbITy cTpaTernacbiMeH bipre cunaTranagbl:
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1. TakblpbIinTasbl Npobaemanbik Macenenepai Wwewi TacCiniH KeTinaipy;

2. Macenere fbl/ibIMM KO3KapacCTbl 4aMbITY;

3. ©3 OMMbIH KeTKi3e biny kabineTiH »ofapbinaty [10].

CoHpAal-aK, 3BPUCTMKANbIK OKbITY CTpaTerMacblH KonaaHyaafbl bipHewe npuHUMNTEp
Kentipineni: Meke-eke Tancbipmanap bepinreH  Ke3ge  OKyWbINAPAbIH - YaKbITbiH
MYMKIHAITIHLE y3aKKa CO3bIM OTbIPblAybl KaxkeT; OKyLblnap apKallaH e3 betimeH binim anyra
bIHT@NaHAbIPbIAYLI; MpobaemaHblH, eH bIHFaMAbLl WeLWiMiH TaHaayFa KeHec bepinyi; Macene
cabaKKa *KaHe OKbITy NporpammacbiHa 6annaHbICTbl; 3epTTeYAiH HOTUMKECIH AyPbIC TaIKblNAyAa
benrini  6ip yakbITTa OeniHyi; Macenenepai wewy KesiHge 6inim  anywblnapabiH,
WbIFapMallblNblK KabineTtepi, 6inim anyfa KbI3blFyLWbIAbIKTAPbl KHE TaKbIPbINTbl TaHAAYbI
Kepek.

AKL-TbIH, 6inikTi maTematuri [.MonaHbiH, aiTybl HOMbIHLIA, 3BPUCTUKANbIK OKbITYAbIH,
Heri3ri MakcaTbl *KaHa blK, FblbIMM Bip *KaHabIK allyfa anbin KeneTiH Tacin peTiHae KoaaaHy
oTe MaHbI3abl. bronornanbik ecentepdi Wewy yuwiH 6uonorma naHi Typanbl 6inimHiH 60aybI
Hemece »al FbiAbIMW LbIFAPMALWbINbIK KabineTi 6onybl KaxeT. FbiAbIMW KaHaNbIK ally
*KO/bIHAA MiKipre *KaHa 6inim KenreHule yHeMi 3epTTey Kyprisinin oTbipblaybl KaxkeT[11].

TemeHpaeri kectene [.Moa ecen WbifapyAblH, Heri3ri 6afaapFra anbiHybl KaxeT bonraH
Kpuetepuinnep kepceTinai (Kecte 2).

Kecte 2. 3BpUCTMKanbiK a4ic 6HoMblHWA OWONOMMANBIK ecen WelwyaiH, Herisri
H6arnapnapsl

Ecen wewy
¥KOCNApPbIHbIH,
60nybl

T

ocnapmeH

bepinreHiH yfbiHy llewimai 3epTTey

YKYMbIC XKYpPri3y
A Y

\3

KecTene kepceTinreHaen, bmonorma cabarbiHAafbl ecenTepai Wewy YWiH eH, angbiMeH
ecenTiH, 6epinreHHiH MafblHacblH TYCiHYiMIi3 KakeT. Hofapblaafbl KenTipinreHaen xocnap
KesiHe aHblK 60aybl yWiH BipiHWIi 3TanTa wWapTTbl 6enrinepain, 6enrinepi xa3sblaybl THIC. EKiHWI
Kagamza, ecenTi Wwelwy MaKcaTblHAA Kocnap AarblHAanaasl. Mbicansl, anennpii Taby KaxerT,
reTep3nroTanbl rameTtanapabl Taby KakeT. Apbl Kapai ecenTi wewwy H6apbiCbiHAA, *KOCNAapMeH
YKYMbIC MKYPFi3inin wewwimi aHbiKTanaabl. TabblnfaH WewWiMMeH 3epTTeyaep XKyprisinin, gypbic
BYpbICTbIFbl aHbIKTaNaAbI.

EcenTi weirapy 6apbicbiHAa@, OKYLWbIIAP TOMEHAETIAEN cypaKkTapFa xayan bepe bBinyi
KayKeTTiri TyblHaanab!:

1. He 6enrini?

2. WapTTapbiHaa He bepinreH?

3. EcenTiH, WwapTbl aHbIK Na’?

4. BypblH byn ecenTepre cait ecen 6onraH 6a Hemece yKcac ecenTepain, yarinepi 6onapl
Ma?

5. Cai KenreH ecenTiH, WapTTapbiH KoAAaHyfa 6ona ma?

Buonorua naHiHae myfanimaep Tek 6ip ecen bolbiHLWa Hemece Bip KaTbIn KanfaH epexe
HoMbIHWA MaFnymaT alTnaybl KaxkeT. OKylblnap apbl Kapal i3geHicTi e34epi anfacTblpy
KaXKeT, 3BPUCTMKANbIK SA4IC apKblAbl aKMKATKa XeTkisineni. B.B. PenbeBTiH aHbIKTamacsl
BoMbIHIWA: «MyFanimaep TeK TeopuanblK ManimeTtepai 6epyi KaxeT, LWbiHalbl emipae
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OKylIblNap MNpaKkTMKaga Kak Japexede TYCIHTEHIH ©34epi  YFblHYbl  KaXKeT»,-aen
TYXbIpbiMaanasl [12].

3epTTey HbicaHbl peTiHae “125 Internaional School of Turkistan” 10 ““-cbiHbIn
OKYLLbINAPbI a/iblHAbI XaHe 3epTTey BapbICbiHAA 25 OKyLbl KATbICTbl. IBPUCTUKAbIK OKbITYbI
AYPbIC XKaHe TUIMAI HaTmKere eTy ywiH 10-cbiHbin oKywblnapbiHa «.MeHaenbaiH, alKaH
3aHAblNbIKTapbl. TMbpuaonormansik agic. MoHormbpuarti OyaaHaacTbipy»-aTThl TaKblpbINTa
cabak eTingi. bronormansik 6inim 6epy 6OMbIHLLE OKYLUbIAAPAbIH 3BPUCTUKAbIK 84iC apKbl/bl
BiniMmiH KeTinaipy Herisri MakcaTka afblHabl.

3epTTey cabak Kyprizy 6apbiCbiHAG, YMbIMAACTLIPY Ke3eHi(canemaecy, Tonka beny,
cabak bOapbiCbiIMeH TaHbICTbIpy, GananapAblH, HasapblH cabakka ayaapTy), YW KYMbICbl
Tekcepinai(OHTOreHe3 caTblnapbl), aHa cabak(cabak TyciHAipy, TepmuHaepai 6epy,
reHeTMKa blK ecenTi wewly).

KaHa cabak eTKi3y OapbiCbiHAa OKYLLUbIAAPAbIH rEHETUKA/bIK ecenTepai LWellyi ViliH
AypbIC aHblKTamanapapl Oiny KaxKeT KoHe Tancblpmasap 3BPUKa afici apKblibl Hepingi.
TemeHaeri KecTene 3BpuKa aici apKblabl Tancbipmanap bepingi (Kecte 3). «3BpuKa» agici
apKblabl OKYLLbIAAP eKi TEPMWHHIH, aHbIKTaMaapblH KapacTblpbIn aHbIKTaNAbI.

Kecte 3. «®eHOTMN NeH reHOTUNTEPAi aXKblPaTblHbI3»

AHbIKTaManap deHoTMN eHoTMnN
KneTkagasbl 6ap/blK reHAep *KMUbIHTbIFbI +
CbIpTKbl KepiHic +

TyKbIMKyanayLblblK KaCMETIHIH Heri3i

Xnopodunn  TyCiHiH,  Xacbin  60AYbI
HanaHbICTbI

KopLliafaH OpTaHbIH, e3apa +
apekKeTTecyiHeH nanaa 6onabl
CypbinTaydplH,  Ta3a  AMHMUANAPbLIHAA +
3epTTenin, aHblKTanfaH
NiwiH, yari gerenai 6ingipeai +
Kepiny, TMn gereHai 6ingipeai +

CoHbIMeH, OoKyuwblnapfa «JanbTOHU3M MeH remoduama aypynapbl» TakblpblObliHAA
WblFAapMa Hemece NpeseHTalLua a3ip/ey KeHiHae Tancbipma bepince, oKywblNap OCbl eki aypy
aTaynapfa TbiH 3epTTey }Kyprizesi, 94ebuneTTik Wwony »acanbiHagbl. Ocbl 3epTTeY KYPri3yiH XKaHe
KbI3bIFYLUbINbIK TYFbI3blHbIH, ©3i 3BPUCTUKANbIK SAicKe »KaTaapl. Cabak Kyprizy 6apbiCbiHAA
MYFanimMm OKyLbIApAblH bIHTACbIH OATbIMN, NaH OOMbIHLWA i3aeHicTepre Kyw bepedi. OCbIHbIH,
acepiHeH OKyLblnapaa 3epTTeywinik kabinetrepi KanbinTacabl.

Mblcanbl, OKylUblapFa allblk TypAeri Tancbipmanap bepineni, poboTTbl KypacTbipy,
MOZENb-MaKTePAi AalbiHaay, OM3HecCTiK xobanapaa *KapHama »Kacayibl urepy, 3BpUCTUKA
TYXKbIPbIMAAMACbIH AaMblHAAY AereH TaKblPbINTapAbl XXYMbIC Kacaybl *aTKbl3aMbl3.

Ocblnaniia, *aHapTblpbiaraH 6inim 6epy 6oMbiHLLIG BMONOrMA NaHiHAE BUONOTUABIK
ecenTep MeH TancblpManapAbl AypbiC WeLy VWiH 3BPUCTUKANbIK SAIC NakaanaHblnagbl.
CoHbiMmeH benekK »kaHa cabakTa aHriMeiecy afici KonaaHbIAAbI, *annbl anfaHaa, 3BPUCTUKANbIK,
SHriMesiecy AereHimia oKyLblAapablH NiKip/AepiH KaHe Tanceipmanapfsa bepreH »KayantapblH
HaKTbl Oip OafbiTKa GarblTTalTbiH bBipHelle cypaKkTap AalblHAanabl. 3epTTey »Kyprizy Kesge
OKylWblNapapiH, baranaHybl Oenrini 6ip KpuTepuiinepre cany apKbiibl XKypedi KoHe
Tancblpmanapbl opbiHAAyAa HEMece aybi3lla Kayan bepy KesiHae Kelbip KaruaatTapabl,
KybblnbicTapabl alybl 60nadbl. IBPUCTMKAAbIK a4ic Kipicne 6GenimiHAoe anTblAFaHaal
WbIFapMaLUbl/IbIK KabineTTepiHe, NOrMKanblK Mikipaeyre biknaa eTefi. IBPUCTUMKabIK aaicTe
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OKyLblNap Aypbic BoamaraH Kayantapabl alTybl elKaHAaM KOPKbIHbLILIKA anbin Kenamenaj,
AFHM OKYLWIblNap aypbic emec bafafa Tayenai 60amain, MyFanimMeH AypbiC KapbiM-KaTbiHACTa
bonagpl.

[.MoMaHblH, 3BPUCTUKAbIK aaici OoMbiHWa OUONOTMANbIK ecen LWewyaiH Herisri
baroapblHAaFbl Kagamaapaa Kyprisingi. buonorma naHiHaeri 10-CbiHbIN  OKYLUblAAPbIHA
reHeTUKanblk ecentep bepinai. TemeHaeriaen 4 asTanTaH ©TKi3in ecen wewina;:

1. EcenTiH, GepinreHiH AypbiC TYCiHYy KaxkeT, ecen OepinreHi: «leTeposurotansl cyp
KOAHHbIH, aHa blfbl OCbIHAAM KOAHHbIH aTa/iblFbiIMeH byaaHaacTbipbiaabl. F1-reHoTUNTEpi MeH
beHOTUNTEpPIH aHbIKTaHbI3».

2. EcenTi wewy maKkcaTbiHAa »OcCnapabl Kypy KaZdambiHa KeneTiH 6oscak ecente He
6epinreH? WapTbl bap ma?

HeHi Taby Kepek?

BepinreH: P@ Aa x @ Aa.

EcenTe KepceTinreHaen, A-cyp; a-aK; AFHM KbI3blN TYCTi KOAH IOMUHAHTTbI 60NaJbI.

BipiHWi ypnakTbiH, GeHOTUMI MEH FreHOTUMIH aHbIKTaYbIMbI3 KaXKeT?

EKiHWI 3TanTbl TbiH 3epTTey YLWiH OKylWblnap MeHaenb 3epTTereH 3aHdapblH UrepreH
60onybl Kepek, reHeTUKanblK cMmBoaaap (oTbackl, aTanblK, aHanbIK, ypnak), reHaep, deHotumn,
reHOTWUM, TOMO3UroTa, 3UroTa, raMeTa, reTepo3nroTa, aanenb, ZOMUHATTLI, PeLeccHBTI.

ocnap:

. Ecen wapTbiH MyKUMAT OKY;

. TYKbIM KyananTblH benrinepai aHbiKkTay;

. FeHpepain annenvaepid benriney;

. ATanbIK NeH aHaNbIKTbIH, YPNaKTapbliHbiH reHOTUMIH Biny;

. FeHeTuKanbIk GopmMynameH KepceTy;

. LarbinbICTbIpy *KaFaalbiHAA TY3iAreH rameTta TUNTepiH benriney;

. ¥pnakKTapblHbIH TUNTEPIH KOPCETY;

. NNeHHeT TopbIH CbiI3y;

. AHaNbIK rameTasiapAbl COM XKafblHa, aTablK rameTanapabl *KOFapbICbIHA XKa3y.

3. [1. MolaHbIH reHeTUKanblK ecentepi wellyaeri .ri 6onbliHIWa BepinreH reHeTUKanbiK,
/ BNONOTUANBIK €CENTiH, LeLwiMiH i3aey 6apbiCbiHAa KoCnapFa CanbliHbIN ecen WelLliNy KaXKeTTiri
TybiHOaMAbl. CoHAaM-aK, OKyllblapFa MEeHHEeT TOPbIMEH ecenTeyai OpHaNacTbipbliybl
MeHrepTipineai. buonorns cabafbiHAa reHeTUKa (TYKbIMKyanaylbiablK MNeH ©3repriwTik)
benimiHael. MeHaenb 3aHAbINbIKTapPbl Urepinin, ecenTiH, WeLWinyi Typanbl Heri3ri macenenep
KapacTblpbliadbl. ToMeHAeri NeHHET TOPbIAa XOCnapfa Ca/lbIHbIN WapPTTapbl aHbIKTaAfaH ecenTi
TOpfa OpHanacTbipambi3 (MeHHeT Topbl 1.):

MeHHeT Topbl 1. F1-reHoTmni

O 00N Ul b WN B

® A a
¢
A AA Aa
a Aa aa

4. Keneci KeseH TepTiHWI KeseHae 6epinreH ecenTiH wWewimiH 3epTTey, »KayabbiH
KepceTy:

Benrinepai axbipatbin 6enin KapacTbipaTbiH boncak, 1 AA: 2Aa: laa

AfHM Kayabbl: F1- reHoTMnTepi- AA, Aa, aa.

FeTepo3uroTanbl 100-50, romosurotansl 100-50 60/bIn KepiHic TanTbl.
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% Beniri cyp TycTi, % 6eniri ak KoAH Honapl.

ofapblga KenTipinren [. [Moa maTemaTuriHiH KepceTKilTepiMeH OMONOTUANDIK,
ecenTepai LWellyae 3BPUCTMKA afici nalganaHbiniabl KaHe 10-CbiHbIN  OKYLUblLAAPbIHA
«IBPUCTUKANDIK SIC apKbl/ibl FEHETUKANbIK ecenTepai WeLly Kan aapeskeae TYCiHIKTI 6oaab61?»
aTTbl cayanHama bepingi(Cypet 1).

1-cypeT - 10-CbiHbIN OKYLWbIAAP apacbiHAA XYPri3iareH cayasiHama HaTUXKECI.

CayanHamara 25 OKylWbl KaTbICTbl: 18 OKylbl-KOfapbl, 5 OKylWbl-OpTalla, 2 OKyLbl-
TemeH aen benrineai. OKywbinapabiH GiniMiH KeTinaipyaeri eH biHFalAbl MHHOBALMANBIK 3/iC
eKeHi aHblK. CayanHamagafbl 18 OKyLbIFa reHeTUKablK ecenTepai wewyae 3BPUCTUKANbIK,
2AiCTi TONbIK Urepai Aen 6inemis. 5 OKyllbl ecenTi WeLlyAi *KapTbllall MeHrepai, an 2 oKylibl
cayasHamazia ToMeH aen benrineai, 6uonornanbik/reHeTMKanbIk ecentepai Aypbic urepmesi.

3epTTey KYMbICbIH XKYpridy HapbiCbiHAa 3BPUCTUKANbLIK S/ICIHIH KOHCTPYKTMBTI TYPiHi
nanganaHymeH bipre 6alnaHbICTbl »Ky3ere acblpbingpl. KeseH-keseHMeH Xocnapfa canbin
aTKapbINaTbiH 3BPUCTUKANbIK SAICTIH Bip Typi. IBPUCTMKANbIK 4iCTiH Oyn Typi npobaemanapapl
Ke3eH-Ke3eH, O0MbIHLLIA *Kacay Typanbl. EH KilukeHTal bepinreH mManimeTTepae KeHic peTiHae
KapacTblpblnaapl. Ocbl caTTeH bactan aepbec Kadamaap KongaHblnaabl. byn aBpUCTUKANbIK,
DAICTiH eH *aKcbl TaHAaynap 60Maabl *KaHE eH, COHbIHAA TUIMAI HOTUXKEre anbin Kenedq,.

KopbITbIHAbI

CoHbIMmeH, buonormansik 6inim 6epyaeri oKbITyAblH 3BPUCTUKANbIK S4iCi OKYLbINAPAbIH,
BinimiH »KeTingipyre, Kbi3blFyLbIAbIKTAPbIH ¥EHiN aHblKTayfa, onap Typanbl Kebipek binyre
KYMbIC Kypridyre kemek bepeTiH KongaHbaN bl KaHe KbI3bIKTbl OKbITY S4iCi Aen aiMTa anambl3.
By 3BPUCTMKANbIK OKbITYAbIH KONTEreH apTbiKLLbIAbIKTapbl 6ap, coHAan-aK, 61MoNorMa NaHiHiH,
MYFanimi MeH OKyLblnapablH TabbiCTbl 60NYbIHA KaHE 03bIK TaXKipnbere ne 6oaybiHA MaHbI3abl
penaepi 6ap. buonoruansik 6inim HepyaiH MiHAETTEPIH XaHe NaHAeri ecenTepai Wwewyaeri
KYMeni KypblabiMFa Cait, annbl alTKaHAa Kyneney HakTblaydblH KeNTYPAINIT Typasibl FbibIM.
IBPUCTMKANDBIK SA4iCTiH KYPbI/bIMbI Kepi BalnaHbIiCKa HerisaenreH.

Buonoruansik, 6inim Gepyae 3BPUCTUKANbIK SAICTIH, epeKlenikTepi aHbIKTanabl.
OKyLLbINApAblH, ePIKCI3, KbICTaMal OKbITbINybl, OMONOTUANBIK OKbITYAafbl bIHTACbIH AAMbITYbI,
3epTTeyLWinik AafablICbiHbIH KaNbINTACTbIPbINYbI KaHe BiNiMHIH cananbl 60/1ybl 3BPUCTUKANbIK
9AIC apKbl/bl XKeTINAIPININ OTbIpybl KaXKeT.
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Lexical-stylistic devices are among the main elements that express the artistic and aesthetic
potential of a language. Through these devices, a speaker or writer can convey thoughts more
effectively, vividly, and emotionally. The use of such devices in English, particularly in literature,
journalism, and everyday speech, demonstrates the richness and creative capacity of the
language.

Lexical stylistics examines not only the semantic but also the stylistic layer of language, revealing
its functional and aesthetic roles. In this context, the study of lexical-stylistic devices constitutes
one of the main directions of linguistics, translation studies, literary criticism, and stylistics. These
devices are not only a form of expression but also carriers of culture, and they may be evaluated
differently depending on the context.

Modern stylistics, by considering the role of these devices in shaping the style of the text, the
author’s position, and the emotional atmosphere, allows for a deeper analysis of their function.
At the same time, the study of stylistic devices has great methodological significance for language
learners, as it helps to expand the expressive possibilities of the language and increase the impact
of writing. These devices enable writers and poets to deepen word meanings, thus delivering their
intended message more powerfully and emotionally to the reader. Lexical-stylistic devices in
English strengthen both the rhythm and the visual and emotional impact of the text.

This paper will focus on some of the most commonly used lexical-stylistic devices in English,
providing explanations and examples for each. The aim is to help understand how these devices
enhance the aesthetic impact of language and influence the reader.

1. Epithet

The epithet is an adjective or adjectival expression that enhances the emotional and figurative
quality of description. It is one of the most expressive means of the English language. The term
epithet comes from Greek, meaning “addition.” Its main purpose is to attach an additional
descriptive quality to a word denoting an object or phenomenon, e.g., “The golden silence of the
room,” “a cruel winter wind.”

The epithet exerts a strong influence on the reader, compelling them to perceive and evaluate
objects as the author intends: “destructive charms,” “encouraging smile,”etc. It may derive from
both the literal and figurative meanings of words, though in poetic speech, epithets are
predominantly figurative. They intensify emotional expression and create vivid imagery in the
reader’s imagination.

Epithets arise from the interplay of logical, emotive, and figurative meanings and are structurally
realized in combinations such as adjective + noun or verb + adverb . They may be metaphoric

(foxy fate), metonymic (Cold War), or ironic (the kind hangman).
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Epithets are classified as follows:

Simple epithets — He looked at them in animal panic.

Compound epithets — heart-burning sigh, cloud-shapen giant, curly-headed boy, etc.

Phrasal epithets — bestowers of good things.

Two-noun epithets joined by of — the shadow of a smile, a devil of a job (Maugham), a devil of a
sea (Byron).

Epithets may also be divided into language epithets (traditional, fixed) and speech epithets
(individual, contextual). Stable, traditional epithets such as true love, dark forest, brave cavalier
often appear in ballads and folk songs.

2. Oxymoron

An oxymoron is a combination of two semantically contradictory words, usually in the adjective +
noun or adverb + adjective model, e.g., low skyscraper, sweet sorrow, pleasantly ugly face, horribly
beautiful, a deafening silence.

In an epithet, if the adjective’s original meaning weakens, the stylistic effect is lost. However, in an
oxymoron, the logical meaning is preserved, as it is not a real combination but rather a
juxtaposition of opposites.

Example:

“It has the poorest millionaires, the littlest great men, the haughtiest beggars, the plainest
beauties, the lowest skyscrapers of any town | ever saw.” (O. Henry)

When overused, oxymorons may lose their stylistic force and become mere intensifiers. Typical
patterns include adjective + noun and adverb + adjective (terribly pleased).

Oxymoron often reflects stylistic trends or literary movements that seek new semantic shades
through paradoxical combinations. Expressions such as peopled desert, proud humility, alone
together, terribly pleased, loose tights, clearly misunderstood exemplify oxymoronic usage.

3. Metaphor

The term metaphor denotes the transference of qualities from one object to another. It becomes
a stylistic device when two different phenomena are perceived simultaneously, and a feature of
one object is attributed to another that naturally lacks it. This transference is based on perceived
similarity.

Example:

“Dear Nature is the kindest mother still.” (Byron)

Here, the characteristics of a “kind mother” are ascribed to “Nature,” forming a metaphor through
identification rather than comparison.

Metaphor not only intensifies description but also expresses the poetic function of language. From
a cognitive perspective, metaphors structure human thought and are integral to everyday
communication.

Common examples include:

“Her home was a prison,” “George is a sheep,” “Words are the weapons with which we wound,”
“Don’t trouble your little peanut head over the problem.”

Types of metaphors:

1. Genuine metaphors — creative and unpredictable.

2. Dead metaphors — conventional, fixed in dictionaries (a ray of hope, floods of tears).

” u
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. Adapted metaphors — adjusted to specific contexts (A good beginning is half the battle).
. Clichés — overused metaphors (a bad conscience, leave to the mercy).

. Creative (poetic) metaphors — original authorial inventions.

. Visual metaphors —image-based (common in art and advertising).

. Root metaphors — reflect worldview and personal values (Weak women are time-sucks).
. Absolute metaphors — hard to interpret (Love is death by pampering).

. Conceptual metaphors —encode abstract ideas (Elisa lost four weeks of her life on him).
10. Evaluative-aesthetic metaphors — express emotional and moral evaluation.

11. Figurative metaphors — enhance imagery and expressiveness (art star, sports star).

O 00 N O U1 b W

Metaphors can also reflect human characteristics through zoosemy: a cowardly person —rabbit, a
cunning person —fox, a bookworm, a nightingale in love, etc.

4. Metonymy

Metonymy is based not on similarity but on contiguity — a real, logical, or associative connection
between different objects or phenomena.

Examples:

“The kettle has boiled.”

“I haven’t read Dickens.”

“Will you have another cup?”

Here, kettle stands for “water,” Dickens for “works by Dickens,” cup for “drink.”

Metonymy enriches speech with symbolic depth and often overlaps with synecdoche. In
journalism and political discourse, it is a frequent device:

“Moscow and Washington will hold talks” — where city names stand for government authorities.
Types of metonymy:

1. Fixed (dictionary) metonymy.

2. Contextual (figurative) metonymy.

Metonymy, like metaphor, reflects cognitive mechanisms of thought and contributes to linguistic
economy and expressiveness.

5. Simile

A simile is an explicit comparison of two unlike objects, usually introduced by like, as, as if, seem,
or such as.
Examples:
“To eat like a bird,” “swim like a fish,” “Aroom without books is like a body without a soul.” (Cicero)

Similes enhance vividness and emotional impact. They are common in poetic language, folklore,
and educational texts, often appearing alongside metaphors.

6. Hyperbole

Hyperbole is a deliberate exaggeration used to emphasize a point or express emotion.
Examples:

“I've told you a million times,” “She cried rivers of tears.”

It often creates humor or emphasis, both in everyday speech and literature:

“He was so tall that | was not sure he had a face.” (O. Henry)

”
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Hyperbole differs from mere overstatement because it is consciously recognized as exaggeration.
Examples include scared to death, immensely obliged, a thousand pardons.

When used excessively, hyperboles may lose their stylistic value and become fixed idioms.
Conversely, understatement or diminution (She was a sparrow of a woman) represents hyperbole
in reverse.

7. lrony

Derived from the Greek eirdneia, irony expresses meaning through contradiction — saying one
thing but implying another.

Example: “It must be delightful to find oneself in a foreign country without a penny in one’s
pocket.”

According to |. R. Galperin, irony is based on the simultaneous realization of two opposite
meanings — literal and contextual. Intonation plays a key role in expressing irony.

[rony must not be confused with satire (critical) or humor (amusing). For example, in “How clever
of you!” the word clever conveys annoyance rather than admiration.

Types of irony:

1. Verbal irony — contradiction between literal and intended meaning (Brutus is an honorable man
— Shakespeare).

2. Dramatic irony — when the audience knows something the character does not (Othello calling
lago “honest”).

3. Situational irony — a reversal of expected outcomes (Maupassant’s “The Necklace”).

Irony, by combining opposing meanings, creates contrast and depth. It usually carries a negative
or critical tone but may express subtle emotional nuances such as regret or disappointment.

Conclusion

Lexical-stylistic devices in English constitute fundamental artistic means that express the
descriptive, emotional, and aesthetic functions of language. Devices such as epithet, metaphor,
metonymy, simile, and hyperbole are not merely linguistic ornaments but also convey cultural and
semantic values. Their functional and contextual use forms the stylistic richness of speech.

Modern stylistic approaches enable deeper analysis of how these devices operate within texts and
affect readers. Lexical stylistics, therefore, explores not only linguistic structures but also their
social and cultural dimensions. The study and application of stylistic devices in modern linguistics,
translation, communication, and education enhance both theoretical and practical understanding
of the multilayered nature of language.
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As in all Turkic languages, in modern Turkic languages, exclamations express desire,
desire, feeling, excitement, regret, etc. emotional shades. Exclamations differ from both auxiliary
and main parts of speech, in other words, they do not indicate either state, quality, quantity, or
name. They are not part of a sentence, do not enter into syntactic relations with any word.
Therefore, exclamations are a special part of speech.

In Turkology, G.V. Arkhangelsky, A.N. Kononov, C. N. Kharitovov, N. A. Baskakov, S.
Saribayev, S. Usmanov, S. Imanaliyev, R. Kungurov, F. Makarov, L. Budagov, M. Kazimbay, N.
Narimanov and others have expressed one or another opinion about the grammatical features of
exclamations, and most of them are simple. Since the 60s of the last century, certain research
works have been devoted to the grammatical features of exclamations, which are very necessary.

In modern linguistics, the interjections were the subject of conflicting opinions of
Turkologists and Russian-speaking Turkologists-linguists.

Until the second quarter of the 20th century, some Turkologists did not specifically distinguish
between interjections. A number of linguists only gave a list of the interjections they remembered
in a few lines.

N.l.IIminsky in his work “Materials for the Study of the Kyrgyz Language” mentioned the
following types of interjections: a, ay, pay-pay, tu.

Sh.Sarybayev writes that N.l.IIminsky confuses interjections with particles, considering the word
“tu” as an interjection, while including the word “pay-pay” in particles. At the same time, vocative
words are mentioned for the first time, they are explained as a type of interjections.

In A. Troyansky's grammar, parts of speech are divided into eight parts by “word nouns”: Thus, in
this division based on the semantic principle, exclamations are given under the heading “literal
exclamations”. The author gives a list of exclamations expressing feelings and excitement, and
includes the following exclamations: ol, ax! (surprise), ex!, ax! (regret), ay-ay! (fear), ay-hay!
(anxiety), ay-yay! (doubt), tss! (prohibition), aferin! (applause), tfu!l (disgust)

P.M. Melioransky gave exclamations under the name “particles”. Melioransky gave more
preference to the syntactic principle and therefore included some morphological categories,
including particles, in the syntax.

G.V. Arkhengelsky discusses exclamations in syntax. He divides exclamations into four
groups: In three of these divisions, he includes sound-imitating words (jalt-jult, dink-dink) and
vocative words under the name “sakiru odagay!” (calling exclamations) and gives the following
lines: mis-mis// kis-kis (addressing a cat), kurray-kurray (addressing sheep), etc. He includes real
exclamations related to a person’s state and condition (ay, oy, etc.) in the fourth group.

Although in this division G.V. Arkhangelsky included imitative and vocative words in
exclamations, this classification prepared the scientific basis for the correct and correct
classification and study of exclamations in later grammars and textbooks.

In V.A. Gordlevsky's work “Grammar of the Turkish Language”, published in 1928,
exclamations are studied in syntax. Although exclamations are given under a separate heading,
they are not explained in detail. Under the name of the original and derivative, exclamations are
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divided into two parts, and then a list of the most commonly used exclamations is given: vah, vay,
ey vah, hay, hay-hay, tu, off, heyhat, etc.

N.A. Baskakov classified interjections on the same basis, dividing them into two groups in
the Karakalpak language: original interjections - “emotional interjections” and “sound imitation
interjections”. Thus, derivative interjections include those formed from noun and verb roots, and
verbs formed from auxiliary verbs and interjections, prepositions. N.A. Baskakov later divided the
vocabulary of the Karakalpak language into three groups in the improved edition of the work under
the headings “Auxiliary words”, “Verbs”, “Nouns”. Nouns are also divided into nouns, adjectives,
numerals, pronouns, adverbs and interjections. N.A. Baskakov considers interjections, along with
pronouns and numerals, to be a syntactic group of nouns that is separated purely semantically.

Although he sometimes confuses vocatives with exclamations, nevertheless, unlike
other Turkologists, N.A. Baskakov distinguishes mime and exclamations in the Karakalpak language
as separate independent parts of speech and shows some of their special features. According to
the author, the main special feature of exclamations is that the exclamation does not name
feelings and emotions, but directly reflects them.

In his work “Exclamations in the Kyrgyz Language”, A.l. Batmanov expresses controversial

ideas when talking about parts of speech. Thus, the author accepts 3 principles in the classification
of parts of speech, but gives the main priority to the syntactic and semantic principles. Despite
this, he does not accept the exclamation as a separate part of speech. The author notes that, due
to its formation and formation, the exclamation was formed and stabilized as a result of the
differentiation of nouns, adverbs and adjectives, and names in general. In addition, exclamations
preserve and retain the signs of names. They even accept the property of a noun, become nouns,
change, and are classified. For example, | heard your breath (I heard your breath), this is my breath
(this is your breath). And in the end, the author comes to the conclusion that there is no need to
consider exclamations as an independent part of speech. According to their formal features, they
(exclamations) should be attributed to names.
The solution to the problem in this form is one-sided. Thus, language could have arisen in a sensory
form that did not yet exist in a mental-intellectual way. If we agree with this idea, we would think
that words with independent meanings in our language such as ufum-ufum, ufuldamagqg, khukhu,
ufu, ufhauf, ufultu, etc. were formed from exclamations or that exclamations were at the root of
those words. However, this cannot be said about words such as vaysinmak, aytmag, hayqirmag,
etc. Therefore, it is possible to say that exclamations are at the root of words with independent
meanings, as well as very few free-meaning words. Our conclusion is that only substantivized
exclamations can participate in word formation. All of the linguistic facts that [.A. Batmanov also
brought are substantivized exclamations. It is natural that all parts of speech become
substantivized and carry most of the features of nouns. This accepted norm also applies to
exclamations.

Despite the unclear ideas about the origin of exclamations, I.A. Batmanov considers it
correct and expedient to consider exclamations and imitative words as independent parts of
speech, separately.

N.K. Dmirtiyev, who explains parts of speech in detail in his works and at the same time
accepts three well-known principles in the classification of parts of speech, divides the words in
the dictionary into two groups under the names “independent or separate words” and “auxiliary
words”. Nouns and verbs are divided into two groups as independent words. Nouns, adjectives,
numerals, pronouns and adverbs are given under the heading of nouns. The author considers
exclamations as separate parts of speech.

In his work “Grammar of the Bashkir Language”, N.K. Dmitriev emphasizes the interjection
as a separate part of speech, but does not devote a special section or discussion to it. Under the
title “Independent or separate categories of words”, the author shows the parts of speech in this
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way: noun, adjective, numeral, pronoun, verb, adverb, interjection. N.K. Dmitriev does not
consider it correct to evaluate them historically in the same way. He considers it correct to
combine them into two large groups.

We consider N.K. Dmitriev's thesis that exclamations are an ancient word group distinct
from nouns and verbs to be correct, and we completely agree with this opinion.

In his work “Grammar of the Turkish Language”, A.N. Kononov also mentions interjections
in the series of auxiliary parts of speech. Later it becomes clear that since they cannot create any
connection between words and cannot be members of a sentence, the author does not include
interjections in the parts of speech. In a later improved edition of the work, interjections are
distinguished from both auxiliary and independent meaningful words and are interpreted as a
separate part of speech. The author, who provides general information about interjections, divides
them into original and derivative interjections according to their origin, explains both types of
interjections separately. A.N. Kononov notes that interjections act as separate words, syntactically
do not enter into contact with other words in a sentence, and can be used as an independent
sentence. In addition, imitative words are not included in interjections, but are given as separate
parts of speech. However, in a separate section devoted to interjections, he admits that
interjections are not auxiliary words. However, in the author's previously published work
"Grammar of the Uzbek Language", vocative and imitative words were included in exclamations.
In this work, while classifying parts of speech, he included exclamations in the auxiliary words, but
nevertheless, in a separate section devoted to exclamations, he admits that exclamations are not
auxiliary words.

Mirza Kazimbey, who played a special role in the development of our linguistics,
first published his work “Grammar of the Turkish Tatar Language” in 1839, and provided detailed
scientific information about exclamations, along with many issues of the Azerbaijani language.

In works written by L.Budagov, M.A.Vazirov, N.Narimanov, S.M.Ganizadeh, M.D.Mammadov and
others, which were mainly of a practical nature, exclamations were attributed to auxiliary parts of
speech.

Thus, certain ideas and considerations have been expressed in Azerbaijani
linguistics about both the main and auxiliary parts of speech. However, despite all this, the
problem of parts of speech has not been definitively resolved to this day.



Proceedings of the 11th International Scientific Conference

Political Studies

THE SHANGHAI COOPERATION
ORGANIZATION AS A TOOL FOR
DEVELOPING SUSTAINABLE TRADE
CORRIDORS IN THE SYSTEM OF
INTERNATIONAL RELATIONS

Bitleuov A.A.

PhD student in “International Relations” at the Sorbonne-Kazakhstan Institute of Abai
Kazakh National Pedagogical University, Kazakhstan, Almaty

Zhumasheva S.S.

Candidate of Pedagogical Sciences, Associate Professor, Abai Kazakh National
Pedagogical University, Kazakhstan, AlImaty

Abstract

This study examines the role of the SCO as a regional mechanism for developing
sustainable trade corridors within the contemporary system of international relations. Employing
a comparative and institutional approach, the research focuses on the Central Asian member
states Kazakhstan, Uzbekistan, Kyrgyzstan, and Tajikistan as key participants in the SCO’s
connectivity and sustainability agenda. The study integrates qualitative analysis of official
documents, policy frameworks, and multilateral initiatives with empirical data on trade,
infrastructure, and environmental performance. The findings demonstrate that the SCO has
transformed from a security-oriented coalition into a multidimensional platform promoting
economic integration, ecological modernization, and green logistics across Eurasia. The
comparative analysis reveals asymmetries among member states but also a complementary
regional pattern, wherein Kazakhstan and Uzbekistan act as infrastructural and policy leaders,
while Kyrgyzstan and Tajikistan contribute through transit and energy cooperation. A SWOT
assessment highlights the SCO’s strengths in strategic geography, institutional inclusivity, and its
expanding sustainability agenda, while also identifying weaknesses such as limited
institutionalization and uneven environmental standards. The research concludes that the SCO
serves as an emerging model of sustainable regionalism, capable of balancing economic growth,
environmental protection, and geopolitical stability. It contributes to both theoretical and practical
understanding of how regional organizations can advance sustainable globalization in a multipolar
world.

Keywords: Shanghai Cooperation Organization; sustainable development; sustainable
trade corridors; international relations; Eurasian integration; environmental security; multilateral
engagement; Central Asia.
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Introduction

Research Relevance. In the context of increasing global economic interdependence and the
reconfiguration of international trade routes, the Shanghai Cooperation Organization (SCO) has
emerged as a significant platform for fostering sustainable trade and connectivity among Eurasian
states. The relevance of studying the SCO as an instrument for shaping sustainable trade corridors
lies in its growing role in integrating the economies of member countries and enhancing regional
stability through economic cooperation (Karami, 2023). The modern world economy faces
challenges such as geopolitical tensions, sanctions regimes, and disruptions of global supply
chains, which make the diversification of trade routes and the establishment of secure,
environmentally sustainable logistics corridors increasingly important (Lukin, 2021; Akmadi, 2021).
Furthermore, the SCO’s expanding agenda, which includes sustainable development goals, energy
cooperation, and green logistics initiatives, reflects a transition from a primarily security-oriented
organization to one that supports long-term economic sustainability (Aris, 2016). This
transformation aligns with broader international trends toward regional economic integration and
sustainable globalization. As such, analyzing the SCO’s potential in shaping resilient trade corridors
contributes not only to understanding regional cooperation in Eurasia but also to the global
discourse on sustainable economic governance in a multipolar world (Alimov, 2018).

Research aim. The primary aim of this study is to analyze the role of the SCO in developing
sustainable trade corridors within the contemporary system of international relations. The
research seeks to evaluate how the SCO’s institutional mechanisms, strategic initiatives, and
multilateral projects contribute to enhancing connectivity, economic resilience, and
environmental sustainability across the Eurasian region. This investigation also aims to determine
the extent to which the SCO can serve as a model for regional economic cooperation that aligns
with global sustainable development goals.

Research guestion. To achieve this aim, the study addresses the following central research
guestion: How does the Shanghai Cooperation Organization contribute to the development of
sustainable trade corridors in the Eurasian region, and what are the implications of this process
for the transformation of the global system of international relations?

Supporting sub-questions include:

What institutional and policy instruments does the SCO employ to promote sustainable
trade and logistics?

How do SCO initiatives align with global efforts such as the UN SDGs and the Belt and Road
Initiative?

What challenges and opportunities exist for the SCO in fostering resilient and
environmentally responsible trade connectivity among member states?

Research significance. The significance of this research lies in its contribution to
understanding the evolving nature of regionalism and sustainable economic integration in Eurasia.
As the SCO expands its economic and environmental agenda, examining its potential to shape
sustainable trade corridors provides valuable insights into new models of cooperative governance
beyond Western-centric frameworks. The findings are expected to deepen scholarly
comprehension of how regional organizations can facilitate sustainable globalization through
institutional innovation, policy harmonization, and ecological accountability. Moreover, this study
addresses a research gap by integrating the analysis of trade connectivity with sustainability
considerations a perspective that has received limited attention in existing SCO scholarship. Thus,
it contributes to both theoretical debates in international relations and practical policymaking
aimed at achieving a balanced, environmentally conscious model of regional economic growth.
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Literature Review

In the context of growing global economic interdependence and ongoing disruptions in
international supply chains, the SCO has emerged as a crucial actor in shaping sustainable trade
corridors across Eurasia. The literature demonstrates that the SCO has evolved beyond its initial
security-centric orientation and is now functioning as a platform for economic cooperation,
infrastructure development, environmental sustainability, and regional integration (Alimov, 2018;
Kembayev, 2018). Alimov (2018) argues that the SCO is playing an increasingly vital role in
promoting a unified Eurasian economic space through trade facilitation and transport
connectivity. The organization has expanded its agenda to include economic modernization,
sustainable infrastructure, and multilateral trade alignment, all of which are fundamental to the
creation of resilient and environmentally friendly transport corridors. Kurylev (2021) emphasizes
the growing synergy between the SCO and China's Belt and Road Initiative (BRI), especially in
infrastructure investment and institutional cooperation. He notes that joint Russian-Chinese
efforts, within the framework of SCO mechanisms, have enabled the planning and implementation
of multimodal trade routes that traverse Central Asia, linking East and West through secure and
sustainable channels. From a geopolitical-institutional perspective, Korobochkina (2025) identifies
internal contradictions within the SCO, particularly regarding the uneven capacities of member
states to implement sustainable initiatives. However, she highlights the organization's efforts to
incorporate environmental governance, green logistics, and energy transition into its operational
strategies. These developments represent a shift toward environmental consciousness in regional
cooperation.

Kembayev (2018) delves into the legal and institutional underpinnings of SCO's role in
supporting the Silk Road Economic Belt, asserting that the SCO provides a platform for
harmonizing national policies and fostering intergovernmental dialogue on transport and energy
infrastructure. He underscores that this integration is necessary to counterbalance external
geopolitical pressures and ensure the sovereignty of member states in trade decision-making.
Gatev and Diesen (2018) present a comparative analysis of the EAEU and the SCO, noting that
both entities contribute to regional integration but through different institutional logics. They
argue that the SCO’s flexible, consensus-based model allows it to coordinate diverse initiatives,
including the development of “green” transport corridors, albeit at a slower and less formalized
pace than the EAEU. Kulintsev (2020) introduces the concept of the “Greater Eurasian
Partnership,” positioning the SCO as a key vehicle for implementing this vision through
infrastructure interoperability, digital connectivity, and policy synchronization. He stresses the
importance of sustainable development discourse in the SCQO's declarations and its alignment with
global frameworks such as the UN Sustainable Development Goals. Xin and Xin (2021) provide a
retrospective analysis of 20 years of SCO economic cooperation. They highlight increased intra-
regional trade, the implementation of strategic infrastructure projects (such as the China—
Kyrgyzstan—Uzbekistan railway), and growing collaboration on ecological initiatives. The authors
consider the SCO an incubator for resilient regional partnerships. Dexue (2021) focuses on the
institutional achievements and prospects of the SCO in the domain of sustainable trade. He
critiques the lack of standardized environmental practices among member states but
acknowledges the organization’s growing commitment to low-carbon logistics, cross-border
energy cooperation, and sustainable finance.

Concrete empirical evidence is provided by Bolgova, Bolgov, and Kurnikova (2024), who
evaluate the contribution of SCO-aligned transport corridors under the EAEU framework to
sustainable regional development. They stress the strategic importance of Central Asia as a
logistics hub and the role of SCO partnerships in boosting energy-efficient transportation. Finally,
Azizi (2024) investigates the SCO as a geopolitical and economic actor under China’s BRI strategy.
He views the SCO as a complementary institution that supports not only security collaboration but
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also energy cooperation, infrastructure finance, and sustainable development integration across
Eurasia. In summary, the literature reveals a growing body of scholarship affirming the SCO’s
significance in constructing sustainable trade corridors across Eurasia. The organization
contributes through institutional coordination, strategic infrastructure development,
environmental policy alignment, and regional integration. While several challenges remain
particularly concerning environmental governance and policy harmonization the SCO’s evolution
offers an alternative model of cooperative globalization that emphasizes sustainability, inclusivity,
and resilience.

Research Methodology

This study adopts a comparative qualitative research design aimed at examining the
Shanghai Cooperation Organization’s role in developing sustainable trade corridors across Eurasia,
with a particular emphasis on the Central Asian countries Kazakhstan, Uzbekistan, Kyrgyzstan, and
Tajikistan. The methodology integrates theoretical, institutional, comparative, and empirical
approaches to provide a comprehensive understanding of how the SCO fosters sustainable
connectivity, economic integration, and ecological cooperation within its member states. The
theoretical and institutional component of the methodology focuses on analyzing the evolution of
the SCO’s governance model, tracing its transformation from a security-centered alliance to a
multifaceted organization addressing sustainable development goals, trade, and green logistics.
This involves the examination of key documents such as SCO charters, strategic programs, summit
declarations, and economic cooperation frameworks. The analysis also considers the interaction
between the SCO and other international and regional institutions particularly the Belt and Road
Initiative, the Eurasian Economic Union and the United Nations Sustainable Development Goals in
order to situate the SCO within the broader architecture of global and regional economic
governance. A comparative cross-country analysis serves as the central methodological pillar of
this research. This approach enables the identification of both similarities and divergences in how
Central Asian member states participate in SCO-led projects, implement sustainable trade policies,
and align their national development strategies with regional objectives. The selection of Central
Asian countries is justified by their geopolitical centrality, shared post-Soviet institutional heritage,
and growing importance as a connective hub linking China, Russia, South Asia, and Europe.

To structure the comparative analysis, the study employs a comparative framework that
outlines four analytical dimensions:

- economic integration;

- infrastructure connectivity;

- environmental sustainability policies;

- participation in SCO multilateral projects.

This framework operationalizes the main research variables and provides transparency and
replicability for subsequent analysis. The framework is summarized in Table 1.
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Table 1. - Comparative framework for the analysis of Central Asian SCO member states

Country Economic Infrastructure Environmental Participation in
Integration Connectivity Sustainability SCO Projects
Indicators Policies

Kazakhstan | High trade Key hub for Belt “Green Economy Active in SCO
volume with and Road corridors | Concept 20507; transport and
China and Russia; | (Western Europe— | strong focus on logistics working
member of EAEU | Western China energy transition groups

route)

Uzbekistan | Increasing Development of Focus on green Expanding role
openness post- China—Kyrgyzstan— | industry and after rejoining
2016 reforms Uzbekistan railway | efficient transit SCO economic

initiatives

Kyrgyzstan | Transit economy; | Central route for Limited Key participant in
dependent on China—Kyrgyzstan— | environmental infrastructure
cross-border Uzbekistan corridor | funding; gradual cooperation
trade policy alignment projects

Tajikistan | Small, Developing road Focus on Involved in SCO
mountainous corridors via SCO hydropower and energy and
economy; reliant | support sustainable ecological
on remittances resource use cooperation

Source: Compiled by the author based on SCO official documents, World Bank, and national

policy reports

The inclusion of this table serves an analytical purpose: it operationalizes the criteria for
comparison, clarifies the variables under study, and ensures methodological transparency. It also
visually demonstrates the multidimensional nature of sustainable corridor development,
integrating economic, infrastructural, environmental, and institutional aspects across Central Asia.
Complementing the comparative framework, the research applies case study analysis to specific
SCO-related projects that illustrate regional connectivity in practice. These include the China—
Kyrgyzstan—Uzbekistan Railway Project, Kazakhstan’s Nurly Zhol Infrastructure Initiative, and the
China—Pakistan Economic Corridor. Each case is examined in terms of policy coordination,
financing models, and environmental governance, providing concrete empirical insights into how
SCO mechanisms are implemented. A content and policy analysis of SCO communiqués, summit
declarations, and member-state policy papers is conducted to identify how the concepts of
“sustainability,” “resilience,” and “green connectivity” are embedded in the organization’s
discourse and translated into action. Reports from the UNESCAP, Asian Development Bank and
World Bank are also reviewed to provide additional data on trade flows, infrastructure
development, and sustainability metrics.

The empirical component of the study integrates economic and statistical data for the
period 2010-2024. Key indicators include trade turnover among SCO members, infrastructure
investment levels, logistics efficiency, and environmental performance indexes. Data sources
include UN Comtrade, the World Bank, and national statistical agencies. This quantitative evidence
complements the qualitative findings and strengthens the validity of the conclusions. Analytical
tools such as SWOT and PESTEL frameworks are employed to assess internal and external factors
influencing the SCO’s ability to advance sustainable trade corridors. Additionally, GIS mapping is
used to visualize the geographical distribution of major transport routes and regional hubs,
highlighting Central Asia’s pivotal role in the Eurasian transport network. In summary, this mixed-
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method comparative methodology provides a comprehensive, transparent, and empirically
grounded framework for analyzing the SCO’s contribution to sustainable trade corridors. By
combining institutional, comparative, and empirical approaches and by emphasizing the Central
Asian context the research not only deepens the understanding of regional cooperation in Eurasia
but also contributes to broader debates on sustainable globalization and the transformation of
international economic relations.

Results and Discussion

The comparative analysis examines the Central Asian member states of the SCO and
Kazakhstan, Uzbekistan, Kyrgyzstan, and Tajikistan across four main dimensions: economic
integration, infrastructure connectivity, environmental sustainability, and participation in SCO
mechanisms. The purpose of this comparison is to identify asymmetries, complementarities, and
shared challenges in developing sustainable trade corridors across the Eurasian space. To provide
a clear comparison of the structural characteristics of each state within the SCO framework, Table
2 presents a synthesized overview of the main indicators related to economic integration,

infrastructure, environmental policy, and institutional engagement.

Table 2. - Comparative analysis of Central Asian countries within the SCO

Indicator Kazakhstan Uzbekistan Kyrgyzstan Tajikistan
Economic High Moderate-to-high; | Moderate; Low; small
Integration integration; key | rapid liberalization | dependent on | economy reliant
member of | post-2016; transit  trade; | on remittances
EAEU and BRI; | diversification  of | member of | and limited export
strong trade | partners EAEU base
with China and
Russia
Infrastructure | Advanced; Developing; major | Limited but | Weak;
Connectivity developed projects like China— | strategic; key | mountainous
transport  and | Kyrgyzstan— transit corridor | terrain limits
logistics Uzbekistan railway | for SCO trade connectivity;
network gradual road
(Western modernization
Europe—
Western China
route)
Environmental | “Green Green Emerging Focus on
Sustainability Economy industrialization frameworks; hydropower;
Concept 2050”; | strategy; limited constrained by
strong cooperation  with | institutional financial
renewable UNDP, ADB capacity resources
energy policy
Participation in | Active leader; | Increasing Stable Selective
SCO hosts key SCO | participation post- | participation; involvement;
Mechanisms summits; 2017; dynamic | focuses on | emphasizes
initiates diplomacy customes, energy and
integration logistics, SMEs | environmental
programs cooperation
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As shown in Table 1, the Central Asian region demonstrates differentiated levels of
integration and capacity. Kazakhstan and Uzbekistan occupy leadership positions due to their
economic strength, institutional engagement, and alignment with the SCO’s development agenda.
Kyrgyzstan and Tajikistan, while less developed, play critical supporting roles as transit and energy
partners. This variation suggests a complementary regional pattern: larger economies drive the
policy and infrastructural framework, while smaller states benefit through connectivity and
capacity-building mechanisms. The heterogeneity of these roles enhances the SCO’s flexibility but
also underscores the need for policy harmonization and shared sustainability standards.

Country-specific SWOT assessment. To deepen the comparison, figure 1 presents a SWOT
analysis of each Central Asian country within the SCO framework. This table identifies key internal
and external factors that influence each state’s ability to contribute to sustainable trade corridor

Threats

Weaknesses op niti

Kazakhstan: Leadership in

Kazakhstan: sfrafegic
geographic location,
advanced transport
Infrastructure, EAEU and BRI
synergy. political stabillity
Uzbekistan: economic
liberalization, growing
industrial capacity, proactive
diplomacy

Kyrgyzstan: sfrategic transit
position, low trade barriers
within EAEU

Tajikistan: hydropower
potential, improving road
networks, interest in SCO

Kazakhstan: dependence
on energy exports,
vulnerability to global oil
prices

Uzbekistan: limited access
to seaports, uneven
infrastructure quality
Kyrgyzstan: weak
infrastructure, fiscal
constraints; institutional
fragility

Tajikistan: geographic
isolation, small market, and
reliance on remittances.

green logistics and digital
corridor management,
regional hub potential
Uzbekistan: Diversification
of routes via BRI and SCO,
green industrial growth
Kyrgyzstan: Participation in
China-Kyrgyzstan-
Uzbekistan corridor, digital
frade facilitation
Tajikistan: Energy corridor
integration; environmental
cooperation under SCO.

Kazakhstan: Geopolitical
tension between major
powers, sanctions risks
Uzbekistan: Regional
water-energy disputes,
investment dependency
Kyrgyzstan: External debt
accumulation, political
instability

Tajikistan: Infrastructure
vulnerability; climate-
related risks.

cooperation.

development.
Figure 1. - SWOT Analysis of Central Asian participation in SCO sustainable trade corridors

As indicated in Figure 1 each country possesses distinctive structural advantages and
vulnerabilities. Kazakhstan’s strengths lie in its strategic location and developed infrastructure,
making it the primary logistics hub of the region. Uzbekistan’s rapid economic liberalization and
diplomatic activism create new opportunities for corridor diversification and green
industrialization. Kyrgyzstan benefits from its transit position but remains constrained by fiscal
fragility, while Tajikistan’s hydropower capacity offers niche potential for sustainable energy trade
despite geographical limitations. Collectively, these factors reveal a complementary balance
between leadership (Kazakhstan, Uzbekistan) and dependency (Kyrgyzstan, Tajikistan) within the
SCQO’s sustainable connectivity model.

To contextualize the national dynamics of Central Asian participation, figure 2 provides a
broader SWOT analysis of the SCO as an institutional platform for the development of sustainable
trade corridors across Eurasia. This assessment highlights the organization’s structural advantages,
internal challenges, strategic prospects, and external risks that collectively shape its potential to
act as a driver of sustainable connectivity in the multipolar global order.

As shown in Figure 2, the strengths of the SCO derive primarily from its strategic geography
and inclusive institutional architecture. The organization connects some of the world’s largest and
fastest-growing economies China, India, and Russia with emerging markets in Central and South
Asia. This geographical reach allows the SCO to serve as a transcontinental bridge for trade,
energy, and digital infrastructure. Furthermore, its multilateral dialogue mechanisms such as the
Council of Heads of State, Interbank Consortium, and Business Council create a stable
environment for economic coordination, trust-building, and cross-sectoral cooperation. Over the
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past decade, the SCO has broadened its focus beyond security, introducing policies on green
logistics, environmental management, and sustainable development, reflecting a gradual
institutional evolution toward an economic and ecological governance body. However, several
weaknesses constrain the organization’s capacity to fully operationalize its goals. Unlike entities
such as the European Union or ASEAN, the SCO lacks binding economic instruments and a
supranational regulatory authority. Decision-making remains consensus-based, which, while
preserving political balance, often slows implementation. Moreover, the heterogeneity of
member economies ranging from highly industrialized states like China to developing economies
like Kyrgyzstan and Tajikistan creates asymmetries in interests and capacities. Environmental
accountability mechanisms remain underdeveloped, and sustainability standards are often
declarative rather than enforceable.

Strengths Weaknesses
- Lack of binding economic mechanisms
and enforcement tools
- Divergent economic interests among

- Strategic geographic span connecting
East, Central, and South Asia
- Institutional framework enabling

regional coordination
- Political inclusivity and stable
multilateral dialogue
- Growing focus on sustainability, green
logistics, and digital corridors

members
- Bureaucratic complexity and uneven
project implementation
- Underdeveloped environmental
accountability metrics

Opportunities T Threat; .
- Alignment with UN SDGs and global - Geopolitical rivalries
climate commitments (China-West, Russia-EU)

- Expansion of green investment and - Sanctions regimes and global supply

digital frade infrastructure chain disruptions

- Cooperation with BRI, EAEU, and - Environmental degradation and
ASEAN frameworks climate instability

- Potential for Central Asia to become - Institutional stagnation without

a sustainable logistics hub deeper integration
Figure 2. - SWOT Analysis of the SCO as a Platform for Sustainable Trade Corridors

In terms of opportunities, the SCO is well-positioned to align with global sustainability
agendas, including the UN Sustainable Development Goals and the Paris Climate Agreement. Its
cooperation with complementary initiatives such as the Belt and Road Initiative and the Eurasian
Economic Union offers significant potential for policy convergence and project synergy. The
growing emphasis on digital trade, green finance, and renewable energy corridors opens pathways
for the SCO to redefine its role as a platform for “sustainable connectivity.” Furthermore, the
strategic location of Central Asia within the SCO creates the possibility of transforming the region
into a sustainable logistics and energy hub, balancing East—-West and North—South trade flows.
Yet, the SCO also faces several threats that may impede its progress. The most prominent are
geopolitical rivalries notably tensions between China and Western powers, and between Russia
and the European Union which may fragment cooperation and discourage investment.
Additionally, sanctions regimes affecting key member states complicate multilateral trade and
banking operations. Environmental risks, including climate change and resource scarcity, also pose
long-term challenges to sustainable corridor development. Finally, the risk of institutional

103



Proceedings of the 11th International Scientific Conference

stagnation persists if the SCO fails to transition from declarative coordination to practical
economic integration and measurable sustainability outcomes. Overall, the SWOT assessment
demonstrates that the SCO stands at a strategic crossroads. Its wide geographic scope, inclusive
governance, and emerging sustainability agenda constitute significant advantages. However, to
consolidate its role as a genuine driver of sustainable trade corridors, the organization must
enhance institutional efficiency, develop stronger implementation mechanisms, and establish
unified environmental standards. The SCO’s ability to balance geopolitical realities with the
imperatives of green growth and regional stability will ultimately determine its success in shaping
a resilient and sustainable Eurasian connectivity system.

The findings of this study confirm and extend the growing body of scholarship on the
evolving role of the Shanghai Cooperation Organization in shaping sustainable trade and
connectivity across Eurasia. As demonstrated through the comparative analysis and SWOT
assessment, the SCO has gradually transformed from a security-oriented coalition into a complex
institutional mechanism promoting economic integration, green logistics, and multilateral policy
coordination. This transformation reflects broader patterns of regionalism identified in the
literature, particularly those described by Aris (2016) and Alimov (2018), who argue that the SCO
embodies a distinct “Eurasian model” of cooperation emphasizing inclusivity, non-alignment, and
developmental pragmatism rather than rigid institutionalization.

Empirical evidence from the comparative analysis (see Table 2) reveals significant
asymmetry among Central Asian member states but also a complementary division of functions.
Kazakhstan and Uzbekistan serve as the principal engines of economic modernization and
infrastructural leadership, while Kyrgyzstan and Tajikistan contribute primarily through their
strategic geographic positions as transit and energy partners. This pattern of differentiated
integration echoes the argument of Gatev and Diesen (2018), who describe the SCO’s governance
model as flexible and consensus-based, allowing member states with varying capacities to engage
at different levels of intensity. In this respect, the SCO differs from more hierarchical regional
organizations such as the European Union, yet maintains coherence through its emphasis on
mutual benefit and non-interference a dynamic also noted by Kembayev (2018) in his analysis of
the organization’s legal foundations.

The comparative framework demonstrates that Kazakhstan’s infrastructural connectivity
and environmental strategy (“Green Economy Concept 2050”) position it as a regional leader in
implementing sustainable trade policies. This supports Alimov’s (2018) view that Kazakhstan plays
a central role in bridging the SCO’s economic and environmental agendas. Similarly, Uzbekistan’s
post-2016 reforms have increased its openness and allowed it to pursue large-scale infrastructure
projects such as the China—Kyrgyzstan—Uzbekistan Railway, aligning with Kurylev’'s (2021)
argument about the synergy between the SCO and the Belt and Road Initiative. Kyrgyzstan and
Tajikistan, while facing institutional and financial constraints, nevertheless illustrate the SCO’s
integrative potential: both countries participate in SCO-supported transport and energy
cooperation programs, benefitting from policy harmonization and capacity-building efforts. These
findings validate Bolgova, Bolgov, and Kurnikova’s (2024) claim that Central Asia’s growing
logistical importance is driven by SCO and EAEU coordination, which together underpin
sustainable regional transport systems.

The cross-country comparison also reveals a gradual diffusion of sustainability norms
within the SCO framework. Uzbekistan’s “green industrialization” and Tajikistan’s focus on
hydropower development demonstrate the incorporation of environmental considerations into
economic planning a trend that corresponds to the “green turn” in regional cooperation identified
by Korobochkina (2025). While environmental governance remains uneven, the data suggest
increasing alignment with global sustainability frameworks such as the UN Sustainable
Development Goals, as highlighted by Kulintsev (2020). The SCO’s discourse on “green
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connectivity,” evident in official summit declarations and strategic documents, indicates a growing
institutional commitment to ecological modernization and low-carbon development a direction
also noted by Dexue (2021) and Azizi (2024) in their analyses of the SCO’s evolving agenda.

The SWOT analysis (Figure 2) provides a broader institutional perspective, revealing that
the SCO’s key strengths lie in its vast geographic span and inclusive political structure, which
enable multilateral coordination across diverse economies. Its institutional architecture
encompassing bodies such as the Interbank Consortium and the Business Council facilitates
pragmatic cooperation without imposing supranational control. However, the weaknesses
identified in the analysis, including the lack of binding mechanisms and divergent national
interests, echo the institutional limitations discussed by Kembayev (2018) and Gatev and Diesen
(2018). These structural constraints often slow implementation and hinder policy standardization,
particularly in the domain of environmental regulation.

At the same time, the SWOT framework highlights significant opportunities for the SCO to
consolidate its leadership in sustainable Eurasian development. The organization’s growing
cooperation with the BRI and EAEU, along with potential partnerships with ASEAN, offers multiple
channels for promoting green investment, digital trade, and resilient infrastructure. This aligns
with the “Greater Eurasian Partnership” concept advanced by Kulintsev (2020), which envisions
institutional interoperability and shared sustainability standards as the foundation of a new
regional order. Furthermore, the SCO’s potential to transform Central Asia into a sustainable
logistics hub underscores the argument made by Alimov (2018) that the organization’s integrative
power rests in its ability to translate geography into economic and ecological interdependence.

Nevertheless, the study also corroborates the threats identified by Lukin (2021) and
Akmadi (2021), particularly the destabilizing impact of geopolitical rivalries, sanctions regimes, and
environmental degradation. These factors limit the SCO’s capacity to function as an independent
driver of global sustainable trade governance. The persistence of global polarization for instance,
between China and Western states or between Russia and the EU constrains the organization’s
strategic autonomy and may inhibit its ability to implement multilateral sustainability initiatives
effectively. Moreover, environmental risks, such as climate change and resource depletion,
challenge the SCO’s goal of establishing stable, low-carbon corridors across ecologically fragile
regions.

The discussion thus suggests that the SCO operates as a hybrid model of regionalism,
combining pragmatic economic cooperation with an emerging sustainability agenda. The results
of this research affirm that the SCO’s institutional flexibility often criticized for its informality is
also its greatest asset, enabling adaptive responses to complex geopolitical and environmental
conditions. In this sense, the organization functions not as a rigid integration bloc but as a platform
for sustainable governance, capable of balancing national sovereignty with collective regional
interests. This conclusion reinforces the perspectives of Alimov (2018) and Korobochkina (2025),
who view the SCO as an evolving mechanism of cooperative globalization, distinct from Western-
centric paradigms of regional integration.

Ultimately, the integration of the SCO’s policy initiatives with global sustainability
frameworks positions the organization as a crucial actor in the transition toward a greener and
more resilient Eurasian economic system. The convergence of empirical findings and theoretical
interpretations in this study contributes to the understanding of how regional institutions can act
as intermediary agents between global sustainability objectives and local developmental needs.
The SCO’s challenge moving forward is to institutionalize its sustainability discourse through
tangible mechanisms standardized environmental metrics, project-based financing, and
transparent monitoring that translate its political will into measurable impact. Doing so would
allow the SCO to fulfill the potential described by scholars such as Aris (2016) and Alimov (2018):
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to become not only a bridge between East and West, but also a model of sustainable regionalism
in an increasingly multipolar world.

Conclusion

The primary aim of this research was to analyze the role of the Shanghai Cooperation
Organization in developing sustainable trade corridors within the contemporary system of
international relations. This objective has been achieved through a comparative and institutional
analysis of the SCO’s mechanisms, as well as an examination of the experiences of its Central Asian
member states Kazakhstan, Uzbekistan, Kyrgyzstan, and Tajikistan. The study demonstrates that
the SCO has evolved into an increasingly influential regional platform capable of promoting
economic integration, sustainable infrastructure development, and environmental cooperation
across Eurasia.

The research addressed its central question how the SCO contributes to the development
of sustainable trade corridors in the Eurasian region by identifying both institutional mechanisms
and practical results of the organization’s activities. The analysis confirmed that the SCO enhances
regional connectivity primarily through coordinated infrastructure programs, harmonization of
trade policies, and the implementation of projects aligned with sustainable development
principles. These mechanisms collectively strengthen economic resilience among member states
and promote environmentally responsible growth.

The supporting research questions were also successfully answered.

1. Regarding institutional and policy instruments, the study found that the SCO uses flexible
multilateral mechanisms such as the Interbank Consortium, Business Council, and specialized
working groups to coordinate investment, logistics, and sustainability projects. Although the
organization lacks binding enforcement tools, its consensus-based model allows for pragmatic
cooperation among diverse economies.

2. Concerning alignment with global initiatives, the findings demonstrate a growing
convergence between SCO strategies and international sustainability frameworks, including the
UN Sustainable Development Goals and the Belt and Road Initiative. This alignment reinforces the
SCO’s role as a bridge between regional and global economic systemes.

3. In terms of challenges and opportunities, the research revealed persistent asymmetries
in the economic and institutional capacities of member states, yet also highlighted significant
potential for synergy. The SCO’s main challenges include limited institutionalization and uneven
environmental standards, while its opportunities lie in digitalization, green investment, and
regional policy coordination.

The comparative analysis of the Central Asian member states showed that Kazakhstan and
Uzbekistan act as regional leaders, driving innovation in transport infrastructure and sustainability
policies, whereas Kyrgyzstan and Tajikistan play vital complementary roles as transit and energy
partners. This asymmetry does not weaken the regional framework but instead forms a balanced
system of mutual interdependence that supports collective development. The SWOT assessment
further emphasized that the SCO’s strategic advantage lies in its broad geographic scope, political
inclusivity, and emerging sustainability agenda, although it must overcome institutional inertia and
external geopolitical pressures to fully realize its potential. Overall, the results confirm that the
research aim was achieved. The SCO indeed serves as an effective tool for developing sustainable
trade corridors in Eurasia by promoting policy coordination, green logistics, and inclusive
economic cooperation. The organization’s growing focus on environmental sustainability and
digital trade illustrates a broader transformation of regional governance toward a model based on
ecological responsibility and shared prosperity. In conclusion, the study demonstrates that the
SCO’s experience provides valuable insights for rethinking regional integration in a multipolar
world. The organization’s ability to combine flexibility with sustainability offers a practical
framework for balancing economic growth, ecological protection, and geopolitical stability.
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However, for the SCO to maximize its impact, it must strengthen institutional mechanisms, ensure
measurable implementation of sustainability goals, and maintain its role as a platform for dialogue
and cooperation among diverse Eurasian states. Thus, the research confirms that the SCO not only
contributes to the establishment of sustainable trade corridors but also represents a new
paradigm of regional economic governance one that integrates connectivity, inclusivity, and
environmental responsibility as core principles of 21st-century international relations.
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APXUTEKTYPA/bIK AN3AMHOA REVIT
}KOHE 3DS MAX BAFIAP/TAMA/IAPBIH
KONOAHY APKbI/bl CTYAEHTTEPAIH
KOPKEM KMAMBIH AAMbITY

Axkutaes H. E.

MarucTp, CeEHbOP-NeKTOpP, KazaxcKnin yHMBepPCUTET TEXHONOMMM M BU3Heca, r. ACTaHa
balkaHoBa XK. b.

KaHOMAAT TEXHMYECKMX HAYK, aCCOLMMPOBaAHHbIM Nnpodeccop, Kazaxcknit yHnusepcuteT
TeXHoNOrmmn n busHeca, r. ActaHa

Tyakbaesa A. L.

noKktop PhD nckycctBoBeAeHMSA, IHCTUTYT AM3aiHa U TexHonormm «CbimbaT», r. AAMaTbl

Tyningeme. byn makanaZa apxuTeKkTypanblk Au3aH canacbiHAa Revit kaHe 3ds Max
baffapnamanapblH  KONAAHYAbIH, CTYAEHTTEePAiH LWbIFAapPMALLbIIbIK  KOHE KOpKeM  KWANbIH
[aMbITyZafbl peni KapacTbipblnadbl. CaHAbIK MOAenbAey, BWM3yanu3auma KaHe obanay
npouecTepiH BipiKTipy CTYAEHTTepPAiH, Kacibn AafabliapblH KETIAAIPIN KaHa KoMmMmal, onapablH,
KeHICTIKTIK oinay KabineTiH apTTbipaTbiHbl AanengeHesi. COHbIMEH KaTap MHHOBALMAbIK,
nefarorMKanblK o4iCTep MeH NaHapanblK OKbITy TacinaepiHiv, byn Oafgapnamanapmen
ynnecimainiri xxaHe Revit neH 3ds Max apacbiHAafbl TEXHONOTUANBIK MHTErPaLLMA KapacTblpblaaabl.

AHHOTaumA. B cTaTbe paccmaTtpuBaeTca posib MCNOb30BaHMA Nporpamm Revit 1 3ds Max
B Pa3BUTUMN TBOPYECKOTO 1 XYA0KECTBEHHOTO BOOOPAXKEHMA CTYAEHTOB apPXMTEKTYPHOrO AN3aiMHa.
NHTerpauma undpoBOro MoaennpoBaHma, BU3yanmnsaumm 1 NPOEKTHbIX MPOLLeccCoB cnocobcTayeT
dbopmmMpoBaHMtO  NPOPECCMOHaANbHbIX  KOMMETEHUMIA, MNPOCTPAHCTBEHHOIO  MbIWAEHUA W
TBOPYECKOW  MHWUUMATMBLL.  [lOMONHMUTENbHO  OMMCaHbl  MeJarorMyeckne  MeTodbl U
TEXHONOTMYECKME acneKTbl COBMECTHOrO Mcnoab3oBaHua Revit 1 3ds Max: popmaTbl IKCNOPT],
paboTa yepes File Link Manager n pelieHna TMNOBbIX Npobaem.

Abstract. The article examines how Revit and 3ds Max foster creative imagination in
architectural design education. Integrating digital modeling, visualization, and design workflows
enhances professional skills and spatial thinking. The paper also outlines technological integration
between Revit and 3ds Max—export formats, File Link Manager, and practical troubleshooting—
alongside innovative pedagogical methods such as project-based learning, brainstorming, and
interdisciplinary approaches.

TyMiH ce3nep: apxmTeKTypanbik An3arH, Revit, 3ds Max, B1M3yanm3aums, WblFAapMaLWbIabIK,
KMAn

KntoueBble CnoBa: apxXMTEKTYPHbIM AM3alH, Revit, 3ds Max, BM3yanmsauma, TBopyeckoe
BOOOpaxKeHue

Keywords: architectural design, Revit, 3ds Max, visualization, creative imagination

Kasipri cayneT kaHe An3aliH 6iniMiHae TEXHONOMMANbIK AaMy MEH LbIFapMallbl/iblK oifay
TbIFbI3 HalnaHbICTa Kypin KaTblp. Revit oHe 3ds Max cusKTbl bafmapiamanap cTyaeHTTepre
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KypAaeni »kobanapAbl OpblHAAYAA YAKEH epKiHAiK 6epin, HaKTbl 9pi KOPKEeM HITUMKere Ko
}eTkizyre MymkiHaik Oepeai [3][4]. Byn Kypangap Tek TeXHMKaNbIK MallblKTbl faHa emec,
KEHICTIKTIK OMnay, KOPKEM KMAM KIHE LWblFapMallblabiK LWeliMm Kabblngay KabineTtepiH gambiTyaa
MaHbI3bl pes aTkapaapl. KazakctaHaa b6inim 6epy »yreciH undppnaHabipy, BIM texHonornsnapbiH
EHri3y »KaHe »kobanay mMaAeHMUETIH KaHFbIPTY OarblTbiHAAFbI Kadamaap ocbl baraapnamanapapi
OKY NpoLeciHe TUIMA] eHri3yAiH ©3eKTiNiriH apTTbipbIn OTbip [6].

Revit napameTpaik moaenbaeyre sKaHe Kyhenik Tacinre HerisgenreH [1]. Opbip anemeHT
@3apa NoruKkanblk bannaHbicTa OONFAHAbIKTAH, CTYAEHTTEP fMMapaTtTbl TyTac »Kyhe peTiHae
TYCiHyAji ypeHeai. Mbicanbl, KabblpFraHblH OUIKTIrH ©3repTy aBTOMaTThbl TYPAE WaTblp MeH Tepese
napameTpaepiH e3repTesi, by KeHicTikTi onnay KabineTiH gambiTagbl. An 3ds Max 6araapaamacsl
[alblH MOAENbAI KOPKEM KIHE PeaNnCTiK Typae belHeneyre mymKiHaik 6epesi [4]. MaTepuangap
MEH XapblK CLUeHapuiiepiH opHaTy, TEKCTypanapdbl KOAAAHY apKblibl CTyAeHTTep KobaHbiH
BM3yasl[bl 8CEPIH 3epTTeNai KaHe KepKeMaik AeHreniH apTTbipadbl. Ocblnaniua Revit RobaHbIH,
KOHCTPYKTMBTI IOrMKaCbIH KanbinTacTbipca, 3ds Max OHbIH, KOpKEM Ma3MyHbIH allapl, an ekeyiH
KaTap nanganaHy CTyAeHTTiH KYMesiK *KaHe WblFapMallbl/iblK OMfay KabineTTepiH TeH aAspexene
AambiTaabl [7].

Coynet CTyAeHTTepi YWiH MoAenbaey TeK TEeXHWKaNblK eMec, onnay Kypanbl 60nbin
Tabblnaabl [2]. Revit apKblabl NapameTpsiepai e3repTe OTbipbin HipHelle XobanblK HycKanapbl
KaTap CabICTbIPy XaHe eH TMiMA WwelliMmai TaHaay MyMKiHairi 6ap. 3ds Max-Ta ocbl HYCKanapabiH,
apblK, GaKTypa KaHe opTa *KafAanbliHAafFbl KOPKeM HENHECIH Kacay apKbl/bl WbIFAapPMaLLbINbIK,
i34eHic »yprisineni. byn xepae *Kobanblk KaHe 3epTTeyre HerisgereH oKbITy Tacingepi epexlie
TUIMAI HOTUXKe Bepesi: CTyAeHTTEep LbIHaMbl eMmipre yKcac Tancbipmanapasl Wewin, 63 naeanapbiH
BM3yanabl TypAae Herispenai [6]. Mbicanbl, Kamnyc Hemece KOfaM/blK OpTasblK KobacbiHAA
CTyAeHTTep Revit-Ta Kenemaik wewim kacan, 3ds Max-Ta KyH cayaeciHiH, OypbilibiHa 6aliaHbICTbI
dacaaTblH, TypAi CUeHapuMnepiH 3epTTel anaapl. byn WbiFapMallbIIbIK KOHE WHMKEHepiK
oMnayablH KaTap AaMyblH KaMTamachl3 eTe.

OKbITy npoueciHae «Mwufa wabybla» ajici Ae MaHbi3abl pen atkapadpb! [5]. byn aaicte
CTYAEeHTTEp epkiH dopmMaTTa, CbIHCbI3 TypAe uAeAnapblH OpTafa CcajbiM, KbiCKa YyaKbITTa Ken
YCbIHbIC MHAKTaMabl, KENiH CON maeanapAbl TONMNEH TaaKblAan, eH, CaTTi wWellimai TaHAanabl.
MyHzaal Tacin Revit neH 3ds Max opTanapbiHaa eTe TUiMAI KoNdaHbliaabl: CTYAEHTTEP anablMeH
Kapanaibim Hobalnap Kypbin, KeliH BM3yanms3alMa »acamn, TONTbIK TajKblaay apKbiibl
KOHLENuUMAHbI XeTinaipeai. byn WblrapmMallbinblk 6enceHaiNikTi apTTbipbIn, TONMNEH XYMbIC icTey
M3AEHMETIH KanbiNTacTblipaapl.

MoHapanblk, HGalnaHbIC Ta apPXMTEKTYPasbIK AM3arHAa MaHbI3Abl OpblH anadbl. Revit
NHXXEHEPNIK XaHe KOHCTPYKTUBTIK MaHAepmMeH Tabufu Typae WHTerpaumanaHca, 3ds Max
KOPKEMAIK, KOMMO3ULMASBIK KaHe TrpaduKanblk OarblTTarbl MNOHAEPMEH Tbifbl3 HGalNaHbICTbI.
3amaHayu nedarormkanblk a4ictep — KobanblK KaHe npobaemanbik OKbITy, 3epTreyre
Heri3genreH TacCi/l, TOMNTbIK KYMbIC XaHe pednekcma — ocbl bardapnamanap KoA4aHblaFaH
cabakTapaa epekiwe TMimai [6]. CTyaeHTTep naHapanblk oinay KabineTiH gamblTbin, BU3yanibl
KOMMYHUWKaLUMA [afabliapblH MeHrepedi aHe Kacibu pgeHrenge o3 kobanapblH Kopfayfa
ynpeHeai.

TexHONOrMANLIK TypFblaaH anfaHaa, Autodesk Revit nen 3ds Max 6argapiamanapsiH bipre
nanaanaHy Kacibm »KymbiC npoueciH moaensaeyre MymkiHaik 6epegi [3](4]. Exi 6argapnama
apacbiHga 3D mogenbaepai Tacbimangay yuwidH DWG, SAT, FBX »aHe RVT dopmaTTapsl
KongaHblnagsl. File Link Manager xyieci apKbiabl baiiaHbliC OPHATY €H, biIHFalAbl TaCiAAePAiH, Oipi
6onbin Tabblnaabl: Revit-Teri e3repictep 3ds Max-Ta 6ip faHa «Reload» napmeHiMeH *KaHapTbl/biN
OTblpaibl. IKCNOPT anAapiHAa oObEKTINEepAi NOrMKanbliK TONTACTbIPy, aTaynapdbl HaKTbl Oepy,
KaXKeTCi3 3n1eMeHTTepdi ajbin TacTay KaHe AeTanM3aumsa JeHreniH peTrtey — KepiHicTepmeH
MYMbIC TUIMAINITIH apTThipadbl. 3ds Max-Ta mogenbMeH »)ymbic icTey yuwid Edit Poly, UVW Map
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Hemece STL Check cuakTbl moamduratopnap KonaaHbinaabl. Onap reomeTpusiHbl Ty3eTyre,
TEeKCTypaHbl HaKTblfayfa XoHe apTedaKTinepai Kowfa MyMKiHAIK Gepeni. Kein karganinapaa
KMCbIK, BeTTepai aKkcnopTTayga MNOAMTOHAbIK TOP AYPbIC KypbliMaybl MYMKiH, MyHAanaa SAT
bopmaTbiHAAFbl IKCMOPT KaKCbl HaTMxke bGepeni. An 3ds Max-TaH Revit-ke Kepi 3KkcnopT
TEXHWKANbIK TypfblAa MYMKiIH OONFaHbIMEH, MapaMeTPAiK IKyhere WHTerpauma WeKTeyni
bonfaHabIkTaH, byn Tacin cupek KonaaHblnaapl. HeriziHeH Revit — kobanay meH moaenbaeyait,
opTanbifbl, an 3ds Max — BM3yanM3auma KaHe Npe3eHTauma Kypasbl peTiHae KONAaHblNaabl.

Revit »kaHe 3ds Max barmapnamanapbl apacbiHaa 3D-gepekTepmeH anamacy npoueciH
KOPbITbIHAbINAM Kene, 3KCNOPT NeH BU3yanm3aumaHblH, 6ipTyTac TEXHONOMMANbIK Cbi3DACbIH KypyFa
6onagpl (cyp. 13).

Revit Hbicanpgap Dopmar 3ds Max

3D-mopgenbMeH

leomeTpus FBX/RVT GaitnaHbic

Kypaeni Oypskic

reomeTpusa DWG/SAT reomeTpusa

Aypeic
PeHaepuHr

KopwaraH opTta

Cypet 13. Autodesk Revit neH 3ds Max apacbiHAasbl 3D-AepeKkTepMeH anMacydblH, *Kaamnsbi
cxemacsl [8].

DKCNOPT reOMeTPUACHIH »Ky3ere acblpy YiWiH eH, Timai dopmaTtap — FBX »kaHe RVT. byn
dopmaTttap Revit moaeniH 3ds Max-Ka 6alinaHbICTbipyFa MYMKiHAIK Gepeai »aHe moaenbae
e3repictep eHrisinreH calblH dannaarbl  AepekTep ©3eKTiNiriH  caktan oTbipadbl. Erep
0b6beKTiNepAiH NOAMIOHAbIK TOPbIHbIH, AN4ir aca MaHpbI3abl 601Mmaca, eki KMcbik betTepi 6ap
anemeHTTepai *.DWG dopmaTblHAa 3KcnopTTayfa 6bonaapl. An erep reomeTpuaHbIH HaKTbIbIFbI
MaHbI3abl 6onca, *.SAT dopmaTbiHA@ 3KCNOPT Kacay ycbiHblNaabl. Kypaeni )obanapaa kenae
Typni dopmatrapaa watacy 60aybl MyMKiH. MyHAal »Kafaanaa KopluafaH OpTaHbl KaHe Kypaeni
KMCbIK NilliHAi anemeHTTepai 2D-acTbinbIK peTiHae *.DWG popmaTtbiHAa 3KCNOpTTan, an HakTbl 3D
anemeHTTep yiiH FBX Hemece SAT dopmaTtTapblH NaiaanaHy biHFanabl. CoHbIMeH KaTap, Autodesk
3ds Max KiTanxaHanapblHAafbl AalblH 3NEeMEHTTEPAI KONAaHy Aa XYMbIC NPOLECIH KeHinaeteai
[8].

Kasipri  KeseHae  KasaKcTaHHbIH  6inim  Oepy  KyWheci  TONbIKTalM  Aephik
KOMMbloTepaeHAipiareH. KenTereH MekTenTep MeH XOfapbl OKY OpPblHAAPbIHAA aKMapaTTbiK
TEXHO/IOTMANAP OKY NPOLECIHE eHri3iNin, cayneT aHe AM3aiH bafbiTTapbiHAG By ypaic epekile
KapKbIHMEH »Kypin XaTtblp. KoMNblOTEPNIK MoAenbAey MeH MyAbTUMEANANbIK, Kypanaap
CTYAEHTTEPAIH, LWblFapMallblblK KabineTrepiH AambITyAblH, MaHbI3Abl dAiCTEMENIK KypasibliHa
anHanyga [1-5]. byn ypaic Kasipri 6inim 6epy napaamMrmacbiHAafbl «aKknapaTTbiK KofamFa
bernimaeny» MiHOeTIMEH Tbifbl3 6alaHbICTbl KaHe Oonallak mMamMaHAapAblH, »KaHa FblabiMU-
M3AEHM KEHICTIKTe epKiH baraapnain anybiHa Xafaan *Kacanabl [2].
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Revit kaHe 3ds Max b6afaapnamanapbiH nanaanaHy apKbl/ibl CTYAEHTTEP TEK TEXHUKANbIK,
MallbIKTapabl faHa eMec, COHbIMEH KaTap aknapaTTbiK OpTada KYMbIC icTey AafAbliapbiH,
WbIFAPMaLLbINbIK IHE KeHICTIKTIK oinnay KabinetTepiH eTingipeni. byn 6argapnamanap
CTyAeHTTepre Kypaeni »xobanapabl CaHAbIK OpTada HaKTbl, [9/1 9pi KePKeM AeHrenae xysere
acblpyfa MyMKiHA K 6epeai. CypeTii-cayneTwinep MmeH An3aHepiep yiiH MyHAan AaibiHObIK eH
anapIMeH KeHICTIKTIK eflecTeTy KabineTiH, KOMNO3NUMANbIK LWeLWiMm Kabblnaay AafablapbiH KaHe
BM3yasl[bl KOMMYHUKALMAHbBI AaMbITYMeH Tikenen bananbicTbl [3].

Revit neH 3ds Max KongaHy A43CTypAi xobanay agicTepiH My1bTUMEANANbIK KYPaNdapMeH
yluiTactelpadbl. byn Garmapnamanap crygeHTTepre Kypaeni 3D modenbaepi skacayfa KoHe
onapabl WbiHaMbl OpTaAa KOPCeTyre MyMKiHAIK bepeai; My1bTUMEANANbIK BU3YanM3auma apKblibl
»obaHbl  MHTEPAKTMBTI  KOpfayfa Kafdgal  Kacanabl, OelHeney KaHe  rpaduKanbik
penakTopnapmeH (CorelDraw, Photoshop, AutoCAD T.6.) bipre KongaHbinFaHaa »obanay KaHe
LWbIFAaPMaLLbINbIK MYMKIHAIKTEPIH KeHenTeai [4](5].

MynbTUMeANANbIK KaHe aknapaTTbiK TEXHONOMMANAPAbl KONAAHYAbIH apTbIKLWbIbIKTaPbI
HipHelle KblpblHAH KepiHeai. TEXHUKaNbIK TYPFblAa — XblNAAMAbIK, KOKETIMAINIK, MaTepunanapl
KalTa eHJey KaHe OHMalH TapaTy MYMKIHAIKTepi OKy nNpoueciH easyip eHingetea,.
McUXoNorMAnbIK TYPFbla — CTYAEHTTEPAIH KbI3bIFYLLbINbIFbIH apTTbIpbIM, HeiMHe MeH aHUMaUMs
apKblNbl  aKnapaTTbl Kabbingayabl KedingeTedi. [ledarorMkanblk TypfblAa — OKbITYAafbl
nepbecTik, benceHdinik neH WbliFapMallblabliK ePKIHAIKTI JaMbITyFa MyMKIHAIK 6epesi [2,4].

Byn apTbIKWbINbIKTAP Cay/AeT XaHe AM3alH  canacbiHaa Revit neH 3ds Max
H6afnapnamanapbiH KongaHy 6apbicbiHA@ alKblH KepiHeai. Mbicanbl, CTyAeHTTep 63 »obanapbiH
Tek 2D cbi3banap apKblNbl faHa emec, YW enlWemMai aHMMaumanap, BUpPTyanapl Typaap KaHe
boTopeanmncTik BM3yanunsaums TypiHae KepceTe anabl. MyHAaM Tacin *KobaHblH Ma3MyHbIH TEPEH,
TYCiHYre, AeaHbl HaKTbl XaHe acepi XKeTKi3yre xaraan xacanasl [6]. CoHbimeH bipre, by Tacin
obanblk oMnayabl OaMbITyFa, WHXEHEPAIK KoHe KepKem Liellimaepai yuwTacTbipa binyre
ynpeTea,.

Revit »kaHe 3ds Max bafaapnamanapblH KonaaHy ASCTYPAI Cbidba-Cbi3yMeH LIEKTENMEN,
3aMaHaynm MynbTUMeaMsanblK b6inim 6epy TexHonorvanapbiIMeH e3apa Tbifbl3 6GainaHbicabl.
HaTuskeciHae cTyaeHTTepAiH aknapaTTbl Tanaay »KaHe Kypblabimaay Kabineti apTbin, »obanblk,
Wwewimaepai Bu3yanasl TypAe HaKTbl 9pi Kacibu aeHrenae xeTKise any Aafabliapbl Kaabintacamb.
CoHbIMEH KaTap, Kacibu rpadukanbiK KaHe Oardapnamarnblk cayaTTblblK AamMblin, CTYAEHTTep
ahaHaplk CTaHAapTTapsa cal apXMTEKTYPablK OMnay MeH 3amaHaym AM3alH TacCinaepiH epkiH
MeHrepe 6acTtanapi.

Revit napameTpnik moaengey KafugaTbiHa HerisgenreHAikTeH, CTyAeHT KobaHbl «Tipi
XKyre» peTiHae yrblHyFa yipeHeai: Kabbipfa OMIKTIriH e3repTkeHae ecik-Tepese, KabblH, LWaTbIp
CUAKTbI DannaHbICTbl anemeHTTep OipaeH KalTa ecenTtenefi, an »Kocnap, Kuma, dacag XaHe
cneumduKkaumns gepekTepi e3apa KeHin-kymi 6ip TyTacTbikTa Kanaabl [1,3]. byn Kynenik kesKkapac
KOMMNO3ULMABIK-KYPbINbIMABIK, Wellimaepaid, 6ip-6ipimeH 6ainaHbiCbiH TyCiHAipeai, TYyTac makeT
neH OHbIH, BenikTepi apacbiHAafbl TAYEAAINIKTI NapameTp apKbiabl backapyfa yipeTeai. 3ds Max
OalblH  MOAENbAIH KepKemM MasMyHblH alladbl: MaTepuangplk —KiTanxaHanap, KapblK,
cueHapuinepi, kamepa XaHe opTa banTaynapbl apKbiabl CTYAEHT peHAep canacbiH ecipin,
naesHbIH BM3yandbl 9CepiH 3epTTenai; poTopeanncTik beHeney ayauTOPUAMEH SMOLMOHANbI
KOMMYHWKaLmMara MyMKiHAiK 6epegi [4]. Ocbl eki opTaHbl bipre KonaaHy MHXEHepPiK 0rmKa MeH
Kepkem beliHeneyai 6ip apHafa TOFbICTbIPbIN, KENECTeTY — MOAENbAEeY — BU3YyanablK Aanenaey»
LUMKAIH TabuFn garablFa alHanabipaas [7].

MenarorMKkanblK pakypcta 6yn uHTerpauma Kobanblk KaHe 3epTTeyre HerizaenreH
OKbITYAbIH, TUiMAiniriH ecenenai. CtyaeHT Revit-ta OipHelwle HYCKaHbl blAAam MnapameTpik
BapuauUMANapMeH TyAblpbin, 0AapAblH ~ KOHCTPYKTMBTIK  K3HE KOCMap/blK, — apTblK-KEMIH
canbicTbipaapbl; 3ds Max-Ta apblk, GakTypa, opTa CLLeHapUMAEepiH CbiHan, BU3yanapl Kputepuinep
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b6oMbiHWa wWewim Kabbinaanapl. «Mufa wabybln» CUAKTbI MAEA reHepaumanay aaicTepi KbiCKa
YaKbITTa KOM YCbIHbIC MHayFa, KeliH onapabl pediekcns apKblabl CypbInTan, eH YTbIMbICbIH
TaHJayfa MyMKiHAIK 6epegi; byn npouectepae MHTEPAKTUBTI PEHAEPNEP MEH LLUYFbIA BU3Yaaabl
AEeMOHCTpaumanap epeklle pen atkapaabl [5—6]. HoTuxkeciHae cTyaeHT TeK 0OBbEKT Kacamanabl
— [aneni npeseHTauma MaAEHUETIH KanbiNTacTbipadbl: anbbom, BeTTey, aKCNAMKaLma, CMEeTa,
KbiCKa belHe/aHnmMauna, MHTEPaKTUBTI Typ — 6api Bip skobanbik basHaayFa »KMHaKTanaabl [3—4].

AKNapaTTblK KOFaM KafaambiHAa KOMMYHUKATUBTIK Aafabl — KaCiOM Ky3bIpeTTiNIKTIH e3eri.
OHnalH-kepmenep, benHecabaktap, Beb-noptdonmo, HBinim  bepy  nnathpopmanapbl
WbIFapMaLlblNbIK OHIMAI Keaen TapaTyFa, Kepi 6alinaHbICTbl XKeden anmacyra MyMKiHAaiK 6epegai.
Byn opTa cTyaeHTKe Kayinci3d Toxkipube anaHblH yCblHAaAbl: O WAEACbIH Y/IKEH ayaAUTOPUSFa
TaHbICTbIPaAbl, NiKipTanacka KaTtbicaibl, 0ObEKTMBTI Oaranay anafpl, ©3 YMbICbIHbIH CanacblH
Kymeni »KakcapTagbl [2]. Toynik 60Mbl KOMKETIMAINIK, KblAAaM asMacy, »KeKe KaHe TONTbIK
dopmaTTbiH epKiH aybicybl, beltHe-ayamMo maTepuaaMmeH acepi xabapaama KypacTbipy — MYHbIH,
Hopi 3aMaHaym oKy KeHICTIriHIH TabuFn MyMKIHAITI.

MynbTuMeamMaHbiH, ANAAKTUKANbIK aaeyeTi 6ifiMm MasmyHblH TYCIHIKTI api acepni eTyre
HafblTTanfaH. Tyc, rpadmka, AblObIC, KO3FanbiC, MHTEpPAKLUMA — KypAaeni yFbiMaapabl cesimaik
OeHrenae yCblHyFa KOMEKTeceai; OWMbIHAbIK KOMMOHEHTTEP KbI3bIFYLIbIILIKTbI KeTepin, ecre
CaKTayAdbl KylIenTeai; aHMMaUMANbIK TYCiHAipMenep KOHCTPYKTUBTIK NPUHUMNTEPAI KO3 anbiHa
akeneni [2,4]. Con apkbiabl Revit-Tafbl «normkanbik moaenb» 3ds Max-Ta «KepKem ganenre»
anHanagbl, an CTYAEHTTIH TaHbIMAbIK bencenainiri aptagbl. [acTypni aaic-Tacingep MyHAa
KOMbIAMaMAbl, KanTa XKaHfblpblil, MyAbTUMeAMaMeH TOfbicafpl: KMMa MeH Topan, Xocnapaa
KabblnaaHfaH WewiMm — BM3yana HaKTbl TEKCEpinei; KOMNO3nLMA TEOPUACH! — KapblK NeH Kaap
NAACTUKAChl apKbl/bl CbIHAKTaH eTei.

TexHWKanblK TypfblaaH Revit < 3ds Max aepeKTep a/imacyblH AYPbIC YAbIMAACTbIPY — OKY
VaKbITbIH YHEMAEY MeH KaTenepai a3anTyabiH 6acTsl wapTbl. Herisri apHanap — RVT/FBX; kypaeni
KMCbIK reoMeTpus Aanairi KaxeT 6onca — SAT, an KocanKkpl 2D/KopllaraH opTa 31eMeHTTepi YLWiH
— DWG biHfalnbl [3—4,8]. File Link Manager 6ainaHbICTbl «Tipi» ycTamabl: Revit-tafbl Ty3eTy 3ds
Max caxHacbiHa b6ip «Reload»-neH eTeai. DKcnopT anablHA@ aTaynapabl Kyheney, nep
APXUTEKTOHMKACBIH NOTUMKabIK, TOMTACTbIPy, KaXKeTCi3 reomeTpusHbl Tasanay, AeTanv3aums
neHrertin (LOD) yTbimabinay, maclwitab neH Bipnik sKkyneciH bipbiHFaiinay kepek. 3ds Max-Ta Edit
Poly, UVW Map, STL Check cekingi moamdukatopnap Top canacbiH Ty3en, TeKCTypanayabl
HaKTblNaNAbl; KaxkeT 60/1ca, Kamepa MeH »Kapblk, PUTiH KiTanxaHagaH KonaaHy peHaep yakbITbiH
oHTannaHapipaabl [4,8]. byn pipeline cTyaeHTTi Kacibm eHAIpICTIK NPOUECTiH KblCKapTbl/ifaH
MOZAeNiHe KaKblHAATbIM, «¥Kobanay — Kenicy — BM3yanaay — KopFay» Ti3DeriH TyTac meHrepyre
argan »kacangpbl.

OKbITY Ma3MyHbl KafblHaH Revit WHXEHEepPNiK-KOHCTPYKTUBTIK MNaHAEPMEH Tabueu
MHTEerpauma Kypadbl: }KYKTEME NI0rMKachl, KabaTTbIK Kocnap, Topan, cneunudurKkauma, sBeomMoCTb
— bGopi napameTpmeH 6alnaHbicadbl; an 3ds Max KOMMO3WULUMA, KapblKTaHAbIPy TEOPMUACHI,
TYCTaHy *aHe rpadurKanblk AM3anHMEH Tbifbl3 yinecedi. Ocbl NaHAPablK CUHTE3 CTYAEHTTI «bip
barnapnamatsl 6inywi» AeHreMiHeH «KelweHai oMNalTbiH »Kac MaMaH» AeHreliHe ketepedi [6,7].
ABTOPAbIK KYKbIKKa KYPMET, akaZeMuanbiK afdanaplk, AepeKkke3beH XKyMbIC M3AEHUETI CUAKTbI
LUMDPAbIK 3TUKA epexenepiH napannens yMpety — MiHAETTi.

KasakctaHaafbl unbpnanabipy, BIM-ai gambiTy »KaHE OKy »KOcnapaapbliH KaHapTy
HafbITTapbl Oy MHTErpaunsaHbl MHCTUTYLIMOHANAbIK AeHreae Konaan otelp [6]. KitanxaHanapapiH
LUMdpAaHybl, KaCibU KaybIMAACTbIK CAaUTTapbl, allblK PEeCcYypcTap CTYAEHT NeH OKbITYLbIFa Y3AiKCi3
AaMy MYMKIHAiMH yCbiHaabl. TakbIpbINTbIK NAaTdoOpmanap Keninik kepi 6annaHbIC XblA4amablFbiH
apTTbipPbIN, WbIFAPMaLLbIIbIK KaybIMMEH TiKenen AManor opHaTabl; HITUMMKECiHAE CTYAeHT o3
MOEACBIH KONLWIiNiK anablHAa KOpfayfa, Kacibu Tinae asnenaeyre, BU3yanibl KOMMYHUKaALMAHDI
webep KONJaHyFa AafablnaHaabl [2]. Byn opTa KeKke KaHe TONTbIK KyMbiC GOpMaTTapbiH epKiH
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aNMacTbIpbIn, TYPAi TEMNEPAMEHT NeH KOMMYHMKATUBTIK epekLeniri 6ap cTyaeHTTiH BapablfbiHa
bipaen mymkiHaik 6epes;.

9icTemenik TypfblaaH anfaHaa, Revit neH 3ds Max-Tbl eHrisy — «Kypan ympeTty» faHa
emec, onay GopmaTbiH 83repTy. bipiHwWiaeH, KyMenik Ke3Kkapac HbiFaadbl: TYTAC MaKeT NeH OHbIH,
benikTepiH NnapameTp apKblibl Backapy, aknapaTtTbl KypblabiMaay, LWeWiMm cangapbiH Kblagam
Kepy [1]. EKiHWIiAEH, KOPHEKINIK NeH MynbTUMEeAMa Kyllenedi: Kypaeni KOHCTPYKTUBTIK yFbiMaap
ce3imAiK apHanapMeH YCbiHblaabl, Kabbinaay »keHinaenai [2,4]. YwiHwigeH, naHapaablK CMHTES
OpHbIFabl: MHXEHEPAIK ecen, KOMNo3numa, rpadpukanbik aAm3aiH bip cueHapunae Tofbicaabl [6—
7]. TepTiHWIiAEH, KOMMYHMKaLMA MaAEHMETI KasbinTacaabl: *)oba anbbombIH BeTTey, aKCNAnKaums
MeH crneumduKkaumaHbl cayaTTbl pacimaey, Kbicka beliHe apKblabl apryMeHTaumsa Kypy, Kesinik
3TUKaHbl cakTay — Kacibun benimaenyain, eseri.

*annbl anfaHaa, Revit neH 3ds Max-Tbl 6ipi3ai pipeline-ra BipikTipy cayneT cTyAeHTIHIH,
KEHICTIKTIK OMNayblH, KOPKEM KUAMbIH KoHe KacCibuM KOMMYHMKALUMACLIH KelleHAi AambITaTbiH
KyaTTbl AMAAKTUKaAbIK 0pTa Xacanapl. obanbik, 3epTTeyLinik, npobaemanblk KaHe NaHapanblK,
aJicTepmeH yLiTaca oTbipbin, by 6afaapnamanap 6inim anylbiHbl Ka3ipri aknapaTTbliK KOFamaarbl
Kacibu Kbl3MeTKe AaspnayapiH TMiMAj KypanbiHa arHanaabl. [acTypai Kafasaplk rpadmka myHAa
OMblAManAbpl — CaHAbIK OpTaAa *KaHa AeHrenge «Cennenai»: KMma MeH Toparn, »ocnap MeH
dacan Bu3yanaa nAanenre arHanbin, LWbIFAPMALbIAbIK WAEA WHKEHEePNiK NOrMKaMeH TeH,
napexene Herizgeneni. Ocblnara UMPPAbIK TEXHONOTUANAP KOPKEM-Neaarornkanbik 6inim
H6epyaiH, MasMyHbliH 6aibITbiN, OKbITY canacbliH apTTbiPbIN, CTYAEHTTIH Kacibu aneyeTiH TONbIK
alwyfa MyMKiHA K 6epegi [1-8,9—-14].

KopbiTa KenreHge, Revit neH 3ds Max-Tbl 6ipi3ai oKy-npaKkTuKanbik pipeline peTiHae
KON AaHy Cay/eT sKaHe AM3ainH binimiHaeri 4scTypAi saaicTepai 3amaHayun UMdpbIK opTafa TUiMA]
Kewipeai: Revit napameTpnik moaenbaey apKbl/ibl XKynenik onnayabl, }KobaHbIH TYTaCTbIFbIH KaHe
OepeKTepaiH, e3apa Tayenainirii KanbintacTbipca, 3ds Max BM3yanmsauma apKblibl KOPKeM
KMANbI, KOMNO3ULMAHbI }KaHE KOMMYHMKaLUMAHbI KyLEeNTeAi; eki opTaaa »obanblK, 3epTTeyLinik
YKoHe NaHapanblk TaCiNAePAiH YIWTacybl CTYAEHTTIH, KEHICTIKTIK OMNayblH, WbiFapMallbl/blK LWeLLiM
KabblnaayblH KoHe nA2nenai npeseHTaums AafAblNapbiH KeleHAi AamMbiTaZlbl; TEXHWKaAbIK,
TypfblaaH Aypbic skcnopT-umnopT (RVT/FBX/SAT/DWG), norukansik ataynap meH LOD, File Link
Manager-ai »yeni nanganaHy oKy yakblTbiH YHEMAEN, KaTenepadi azantaabl; My/bTUMEANANbIK,
Kypanzap Kabblngayabl KeHinaeTin, ecTe cakTayAbl apTTbipbin, MOTUBALUMAHLI KeTepedi, an
OHNANH-NNaThopmanap Kacibn KoramaacTbikneH Kepi 6alnaHbICTbl Kedengetedi; ocblnaniia
CTYAeHT TeK «bafgapnama binetiH» emec, KeleHdi OMNaMTbiH, UMPPAbIK cayaTbl XoOfapbl,
BM3yanapl Aanenaeyi MblKTbl *aC MaMaH peTiHAe KanbinTacadbl; iCKe acblpy YLWiH OKY *OCnapbiH
Revit (BIM norukacbl), 3ds Max (Bm3yanusauma), Revit—>3ds Max pipeline moayni kaHe
noptdonmno/npeseHTauma OAOKTapbIMEeH Kypbin, Tancbipmanapdbl nNapamMeTpik  HycKanap
CepuACbl MEH KapblK/MmaTepuan cueHapuiinepiHe Herisgen, KOopbITbiHAbIAA aHMMaLMA Hemece
BMPTYandbl Typ Kacaydpl Tanan eTin, Kapeapanblk TexHUKanblK CTaHAapTTbl (palin aTaybl,
Kabat/kateropus, LOD, maclwTab/6ipnik »yieci, KiTanxaHa KypblabiMbl) OekiTin, 6aranayabl
moaenb canacsl (BIM-norvka), BUu3yan canacbl (MaTepuan—xapblk), aprymeHTauma (npeseHtaums)
oHe MaHapanblK AsnenmMmeH xyprisin, LMS/noptanga apanbik peHaepnep meH pediekcusiHbl
KYMeni XKyKTey KaHe TONTbIK Kepi 6annaHbIC UMKAIH eHri3y YCbiHblAaAbl; KbiCKackl, Oy aaicTeme
Revit neH 3ds Max-Tbl }all OKbITY Kypa/ibl EMEC, LUbIFaPMALLbIAbIKTbl KYLLIENTETIH AMOAKTUKANbIK,
opTa peTiHAe nanaanaHyfa MyMKiHAIK Gepeai aHe CTyAeHTTi 3amaHaynm eHOeK HapblfbiHa
naapnayablH, eH TMiMmai xonbl 601bIn Tabblnaabl.
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Annotation: The paper presents modern research confirming the effectiveness of
mindfulness therapy, which reduces the degree of anxiety, aggression and increases the level of
psychological well-being of adolescents. The article presents the main techniques used by
psychologists: conscious breathing, body scanning, visualization, working with emotions and
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practices to the age and cognitive characteristics of adolescents, integrating mindfulness
techniques and cognitive behavioral therapy.
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The life of a modern teenager takes place in conditions of high information load, social
pressure and emotional instability. The period of accelerated development of digital technologies,
increasing competition in the educational environment and changing family values (6) lead to an
increase in the level of anxiety, stress states and disorders manifested in the emotional and
volitional sphere. In this regard, psychologists are faced with the task of finding the most effective
methods that can help adolescents cope with inner feelings and regulate emotional reactions.

Among the diverse methods that we use in our professional activities: the use of schema
therapy, the study of coping strategies of adolescents (7), metaphorical associative maps (8), etc.,
In our opinion, the practice of conscious presence is very effective — mindfulness, which is aimed
at developing the ability to focus attention on the present moment without evaluative judgments.
Today, the mindfulness technique has received scientific justification and is actively used in clinical,
educational and counseling psychology.

It should be noted that in adolescence, mechanisms of self-regulation, self-identity and
emotional maturity are formed, which makes this practice especially valuable, as it helps
adolescents to better understand their feelings, develop empathy, reduce anxiety and aggression,
as well as improve concentration and academic performance.

Mindfulness has become widespread both abroad and in our Republic. The use of
mindfulness in working with teenagers is at the stage of active development. It is becoming
relevant to study the possibilities of adapting these techniques to the cultural and age
characteristics of Azerbaijani adolescents, as well as the development of effective psychological
support programs with elements of awareness.

Defining the purpose of this article, we proceeded from the fact how important this
technique is from the point of view of practical possibilities of applying the mindfulness approach
in the work of a psychologist working with adolescents, as well as identifying its potential in
increasing the level of psychological well-being and emotional stability of this age group.

Considering the theory of the issue, the possibilities of using the mindfulness method and
its significance in adolescence, it is important to focus on the following aspects. The term
mindfulness itself translates as "awareness", "presence in the present moment". From a scientific
point of view, mindfulness is considered as a state of active attention to current experiences —
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bodily sensations, thoughts and emotions, which is reflected in the works of American Professor
John Kabat-Zinn (9), who is the founder of the modern scientific approach to mindfulness and the
developer of the Mindfulness-Based Stress Reduction program, which is aimed at reducing stress
levels. stress and the development of emotional stability.

It is quite important and promising for us to introduce mindfulness elements into
educational programs (1, 2, 13), which will be an excellent tool for reducing depression and anxiety
in adolescents, increasing the level of emotional intelligence, which in turn will affect the level of
academic success and will become the key to educational motivation. No less interesting studies
have been conducted by other authors: D. J. Siegel (10), V. Sidyacheva (11), V.G. Umnyashkin (12),
T. G. Fomina (5).

In the works, the effectiveness of implementing programs for the prevention of stress and
depression in adolescents has been experimentally proven, and mindfulness is presented as a
component of psychological well-being and self-regulation.

Another study conducted by Davidson (4) shows that mindfulness practice activates neural
mechanisms responsible for self-regulation, attention, and empathy. Therefore, regular
mindfulness exercises contribute to the formation of emotional control skills, improve memory
and concentration. In the psychological context, mindfulness can be considered as a component
of metacognition — awareness of one's own mental processes.

For teenagers who are at the stage of identity formation, the development of awareness
helps them to better understand themselves, their needs and motives for behavior. | would like
to focus on the main aspects related to the practical application of mindfulness techniques in the
work of a psychologist with adolescents. It should be noted that the application of this approach
in the work of a psychologist involves the integrated use of methods aimed at developing
adolescents' skills of self-regulation, concentration and emotional stability. Informed practices can
be applied in both individual and group work, in counseling, training programs, preventive and
educational projects.

Mindfulness is based on the basic principles, which include: gradualness — from short
exercises to longer practices, play form — the use of metaphors, visual and physical elements to
involve participants, lack of appreciation — the formation of adolescents' ability to accept their
own emotions without judgment, regularity — the inclusion of conscious pauses and short
practices in the structure of classes or school day.

Now let's focus on the question of the form in which this practice can be applied. It should be
noted that in individual counseling, we use short mindfulness practices at the beginning or end of
the meeting, and discuss internal states through self-observation techniques.

This practice works great when conducting group classes (exercises: "Cloud of emotions",
"Conscious listening", "Pulse of the team") and emotional regulation trainings. Here is an example
of mindfulness practice for teenagers who often show aggression.:

Stop and take 3 deep breaths.

Notice where tension is felt in the body.

Name an emotion about yourself: "I'm angry."

Ask yourself: "What will help me not to make things worse now?"
Make a decision (for example, to step back, drink water, breathe).

YV VVY

In our professional activities, we use mindfulness techniques that have proven themselves well
and have had a positive dynamic in working with teenagers:
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—[ Mindful breathing is a technique aimed at reducing anxiety and concentration. ]—

» Example of an exercise: a teenager concentrates on inhaling and exhaling,
monitoring how the air passes through the body.

* Psychological effect: calming, increased self-control, development of
concentration skills.

Body scanning is the practice of taking turns being aware of different

parts of the body, from the toes to the top of the head.

* Goal: to develop the ability to sense your body signals and notice tension in
time.

* Effect: relieving muscle and emotional tension, increasing awareness.

—[ Conscious observation of thoughts }

» The teenager is asked to imagine that his thoughts are clouds that float across
the sky. He watches them without evaluating or getting involved.

* Effect : formation of the observer's meta-position, reduction of impulsivity and
anxiety.

4[ The Five Senses Practice }

 Teenagers list what they see, hear, feel, taste and smell at the moment.

* Effect: developing the skill of focusing on the present moment, reducing
internal tension.

—[ Conscious movement }

* Elements of yoga, stretching, or smooth movements to music, accompanied by
attention to body sensations.

* Effect: improved coordination, reduced stress, development of body
awareness.

Fig. 1. Mindfulness techniques

Good results were obtained when conducting preventive programs in schools, including
10-minute practices in the lesson schedule or extracurricular activities, and teaching teachers and
school psychologists the elements of mindfulness.

The results obtained by using mindfulness practices in working with adolescents have shown
that: anxiety and irritability levels decrease, self-regulation and stress tolerance skills develop,
concentration improves, educational motivation increases, interpersonal relationships and
empathy strengthen, and the overall level of psychological well-being increases

The integration of mindfulness techniques and cognitive behavioral therapy is very effective,
especially in the context of working with adolescents.

The integration of mindfulness techniques and cognitive behavioral therapy (CBT) is one of the
most effective areas of modern psychological practice. Both approaches are based on developing
awareness and a person's ability to observe their thoughts and emotions without evaluation.
Mindfulness helps teenagers learn to notice their own experiences in the moment, while CBT
allows them to rethink destructive attitudes and form more adaptive behaviors.

This combination of methods is especially effective when working with adolescents who have
difficulty controlling emotions, impulsivity, or increased anxiety. Mindfulness practices help
strengthen self-regulation skills, reduce internal tension, and increase stress tolerance. The
elements of cognitive behavioral therapy, in turn, help to structure the process of self-discovery
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and consolidate new ways of responding. When applied together, both approaches enhance each
other's effect, providing a holistic effect on the emotional and cognitive sphere of the individual.
In adolescence, when self-esteem and a value system are being formed, this is especially
important. Experience shows that the combined use of mindfulness and CBT promotes the
development of emotional intelligence and constructive forms of communication. Thus, the
integration of these approaches is a promising direction in the system of psychological support for
adolescents.

Observation of thoughts
Mindfulness: noticing a thought and letting it go.

CBT: notice thought — analyze rationality — correct.

Similarity: both require conscious attention to thoughts, form a "meta-position".

N/

Mindful breathing / pause before

Mindfulness action: breathing to focus on the present moment.

CBT: a pause to analyze the situation and choose rational behavior.

Similarities: control over impulsive reactions, development of conscious choice.

N/

Working with bodily sensations

Mindfulness: body scanning, awareness of tension.

CBT: the connection of emotions with bodily manifestations, relaxation to manage anxiety.

Similarity: attention to the body as an indicator of emotional state.

NS

Diaries and notes

Mindfulness: keeping a diary of mindfulness, recording feelings and emotions.

CBT: a diary of thoughts and emotions, identifying dysfunctional beliefs.

Similarity: systematic observation and fixation of experience for awareness of patterns.

Fig.2. Integration of mindfulness techniques and cognitive behavioral therapy

| would like to focus on a real case and show the use of mindfulness techniques in working
with an aggressive teenager.

Teenager, 12 years old, often shows outbursts of aggression: He quarrels with classmates,
is rude to teachers, and may resort to physical actions. When talking with teachers and parents,
thereis increased irritability, difficulty controlling emotions, a sense of injustice and inner tension.

Our goal was to reduce the level of aggression and develop emotional self-regulation skills
using mindfulness techniques.

The following stages were included in the program of work with a teenager:

The first stage: An explanation of what mindfulness is ("the ability to notice what is
happening to you here and now"). Analysis of the connection of emotions, body and thoughts.
Demonstration of a simple practice: “3 deep breaths" — focus on inhaling and exhaling.
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The next stage: working with body awareness: the "Body Scan" exercise (a remark where
tension is felt in the body when angry). Keeping a "body diary" — a teenager notes where he feels
anger when it appears. As a result, a connection is formed between emotion and physical
condition, and self-understanding grows.

The next stage is associated with the development of breathing techniques (for example,
"square breathing" — inhale 4 counts, hold, exhale, pause), the use of short "mindfulness pauses"
before a conflict, the practice of "Stop reaction": notice, name an emotion, inhale, choose an
action. At this stage, it is important to form an automatism of self-regulation.

The stage of reflection and consolidation is devoted to a joint analysis of situations where
anger has been managed, a discussion of how well-being has changed, and classroom
relationships. At this stage, we use visual anchors (for example, a bracelet or a pattern that
resembles "stop and breathe"), the "Three good moments of the Day" exercise, which promotes
the development of positive perception.

At the final stage, the aggression is re-diagnosed, the results are discussed together, the
dynamics are assessed, and the techniques are planned for independent use.

Thus, the use of mindfulness techniques in working with adolescents is a promising area of
psychological practice that contributes to the formation of emotional stability, self-regulation and
improving the quality of the educational process. The integration of these methods into the
system of psychological support of educational institutions opens up new opportunities for the
harmonious personal development of students.
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Abstract

The study presents the results of isolating and identifying lactic acid bacteria from
traditional Kazakh fermented milk beverages — kumys and shubat — with the aim of developing
industrial starter cultures. Samples of kumys, shubat, camel, and mare’s milk were collected from
several regions of Kazakhstan, and classical microbiological methods combined with molecular
genetic techniques were used for analysis. More than ninety bacterial cultures were obtained, and
over half were identified through 16S rRNA gene sequencing. The dominant genera were
Enterococcus and Lactobacillus, which are responsible for the fermentation and formation of the
characteristic aroma and texture of these beverages. Several isolates demonstrated no matches
in existing genetic databases, suggesting the presence of unique or previously uncharacterized
microbial strains endemic to the Kazakh region. The obtained results confirm the rich biodiversity
of the natural microflora in kumys and shubat and form the basis for creating standardized starter
cultures that preserve the traditional qualities of national dairy products while enabling their
industrial-scale production.

Keywords: lactic acid bacteria, kumis, shubat, camel and mare's milk.

Introduction

Modern research in the field of food microbiology has shown that the quality and
organoleptic properties of products are 70% related to microflora [1]. Microflora can be directly
related to the place of origin of raw materials or to the methods and practices used to process
them. For example, in wine production, the term ‘terroir’ is used, which is a comprehensive term
that refers to both the microflora of the place where the raw materials are obtained and the
characteristic microflora of the production sites [2, 3]. Thus, the same grape varieties grown in
different places produce completely different wines.

If we draw a parallel with fermented milk products, the well-known Bulgarian bacillus and
milk streptococcus give rise to a variety of yoghurts produced around the world. It would seem
that there are only two known types of bacteria, yet there is such a wide variety of products. The
same is true in the case of kumis and shubat. The centuries-old traditions of producing kumis and
shubat in Central Asia and Kazakhstan vary greatly in terms of the specific taste, aroma and texture
of the product. All of them are associated with the specific microflora of a particular place where
animals are bred, their diet, and the methods used to prepare beverages. If Marco Polo called
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kumis ‘the champagne of the steppes’ in the Middle Ages, then from the point of view of food
microbiology, he did not exaggerate much [4].

Historically, there have been many descriptions of all the possible aromas of kumis and
shubat. However, it is also well known that every spring, year after year, producers face difficulties
in restoring the former aromas. Due to Kazakhstan's harsh climate, not all animals continue to
produce milk during the winter, and producers do not always have the opportunity to preserve
starter cultures. Therefore, with the arrival of spring, producers often lose time for spontaneous
fermentation to achieve the desired taste, aroma and texture of the product. To overcome these
difficulties, it is necessary to establish the production of specific starter cultures for kumis and
shubat. This process is very lengthy and labour-intensive. The purpose of this article is to describe
the preliminary stage in establishing production — the isolation and identification of
microorganisms from kumis and shubat from different regions of Kazakhstan. This stage will
ensure the specificity of future starter cultures.

Materials and methods

Samples of typical kumis, shubat, camel and mare's milk were collected. At this stage,
samples were collected from 14 farms in four regions of Kazakhstan: Almaty, South Kazakhstan,
Kyzylorda and Atyrau (Figure 1). All samples were placed in sterile test tubes.

Microbial cultures were isolated using classical microbiological methods. These
microorganisms were then identified using the 16S ribosomal RNA fragment polymorphism
determination method.

Results and discussion

From 19 samples from different farms and peasant households, 92 bacterial cultures were
isolated (Table 1).

Ne | Microorgan Number of isolates
isms Atyrau Region (2 Kyzylorda South Kazakhstan Almaty Region
farms) Region (4 Region (5 farms) (Sarzhailau
farms) Company)
Camel milk | Shubat | Shubat Camel milk | Shubat| Kumys
1 | Bacteria 7 5 14 25 28 14
2 | Yeast 2 3 - 4 3 6

Identification was carried out by ‘cross-referencing’ sequenced bacterial clones after
sequencing 16S ribosomal DNA. Of the 92 bacteria listed, identification results were obtained for
only 57 bacteria. Among the 57 sequenced bacterial clones, phylogenetic affiliation was shown
only for:

— One type of bacteria identified and proposed — 30 bacteria

— Two or more types of bacteria identified and proposed — 13 bacteria

— Not identified — 14 bacteria

It should be noted that a large number of microorganisms obtained as isolates during
reseeding no longer grew. Therefore, many of them were lost for identification. Then, at the
identification stage, only 6 bacteria were 100% identified. Even if the database suggested a single
name for the remaining 30 bacteria. In other words, 88% or higher homology was found for 24
bacteria in the database. With regard to the other bacteria, it should be noted that the database
of sequenced bacteria used does not contain them. As a result, 51 bacteria were partially identified
or not identified at all. These results suggest that 51 bacteria are more likely to be ‘endemic’ or,
at least, have not been previously identified and entered into a known database. In the future,
these microorganisms should be identified and characterised to supplement the database. For
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now, the results obtained can be interpreted as evidence of the wide biodiversity of the microflora
of national products, confirming their antiquity and stability over time. Despite the emergence of
other fermented milk products in our environment, especially those produced using commercial
starter cultures, it has not displaced or caused the disappearance of special ‘endemic’ species of
microorganisms.

The dominant microflora consisted of Gram-positive bacteria belonging to the genera
Enterococcus and Lactobacillus. Although the bacteria were isolated on media specific for lactic
acid bacteria, proteobacteria (4 isolates) were also identified among the isolated microorganisms,
represented by the species Ralstonia pickettii, Escherichia fergusonii, and Acetobacter
pasteurianus, which are more likely to belong to extraneous, contaminating microflora, as well as
actinobacteria represented by Corynebacterium variabile and Microbacterium hatanonis.

Of the 57 identified bacterial isolates, 22 belonged to this genus, accounting for almost
38% of the total microflora. Of the 22 isolates, 8 were identified as Enterococcus faecium, 5
isolates as Enterococcus durans, and 4 as Enterococcus faecalis. Until recently, enterococci (as
serological group D streptococci) were considered in domestic literature to be part of the normal
intestinal microflora of humans and animals, while in dairy products they were considered to be
foreign microflora [5]. Over the past decade, a number of articles have appeared in foreign
literature stating that various types of enterococci can be found in milk and various fermented
milk products [6, 7, 8, 9, 10, 11]. When analysing the microflora of various national products,
especially cheeses, in countries with the most developed cheese-making traditions (France, ltaly),
enterococci are often found alongside other bacteria [12]. In traditional Chinese fermented milk
products such as kumis, fermented ham, tofu, etc. [13], in fermented Colombian kumis [14], etc.,
enterococci are a constant component of starter cultures.

The most common types of enterococci isolated from dairy products and identified by
various methods are E. faecium, E. faecalis, and E. durans [6,7], which is consistent with our data.
Bacteria of these species are used as starter cultures, especially in cheese production, since lactic
acid enterococci have the ability to produce aroma [10, 15]. Many strains of enterococci found in
milk have proteolytic activity and antagonistic properties against pathogenic strains of Listeria and
Clostridium [8, 9, 16].

In second place in terms of prevalence were representatives of the Lactobacillus genus —
11 isolates, accounting for 19% of the microflora. No pattern was observed in the distribution of
lactobacilli in camel milk and shubat. In some samples (3 types of shubat and 1 sample of camel
milk), 2-3 species were found, while in others they were not detected. However, the absence of
Lactobacillus bacteria in traditional fermented milk products is the exception rather than the rule.

Smaller quantities of Leuconostoc species were found, represented by two species,
Leuconostoc mesenteroides (CHL60) and Leuconostoc pseudomesenteroides (SH2M3), as well as
one species of Lactococcus lactis (CHL62), found in shubat. Although these species of lactic acid
bacteria are important as starters for fermented products, they do not appear to be the dominant
species in the fermentation of camel milk.

Conclusion

The conducted research represents the initial stage in developing standardized starter
cultures for the industrial production of traditional Kazakh fermented milk beverages — kumys
and shubat. The isolation and molecular identification of lactic acid bacteria from camel and
mare’s milk across different regions of Kazakhstan revealed a wide diversity of microbial species.

More than ninety bacterial isolates were obtained, of which over half were successfully
identified through 16S rRNA gene sequence analysis. The dominant genera were Enterococcus
and Lactobacillus, accounting for the majority of lactic acid microflora. Among them, Enterococcus
faecium, E. durans, and E. faecalis were the most frequently encountered species, followed by
Lactobacillus representatives responsible for acidification and flavor formation. The discovery of
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isolates that could not be matched with existing genetic databases indicates the possible presence
of previously undescribed or region-specific (endemic) bacterial strains.

These findings confirm the exceptional biodiversity and originality of the microflora
present in kumys and shubat, shaped by local ecological and cultural factors. The identified strains
have the potential to be applied in biotechnological processes to produce authentic starter
cultures. Such developments will contribute to preserving the traditional qualities of national dairy
products while ensuring stable industrial production and improved quality control.
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The article examines modern pedagogical approaches applied in the teaching of organic
chemistry. Due to the complex content structure, abstract concepts and the requirement of high-
level chemical thinking from students, traditional teaching methods are often insufficient. In this
context, the effectiveness of methods such as problem-based learning, project-based learning,
constructive approach, laboratory-based learning, and the application of digital and interactive
technologies is analyzed.

Introduction

Organic chemistry is one of the most challenging areas of natural sciences. Since complex
topics such as molecular structure, isomerism, stereochemistry, and mechanisms are difficult to
understand, the application of digital and interactive technologies plays an important role in
teaching the subject.

Previous studies have shown that technologies such as 3D molecular modeling, virtual
laboratories, and gamification increase student understanding and motivation.

These technologies both support classical teaching methods and develop active learning
skills in students.

The effectiveness of pedagogical approaches used in teaching organic chemistry has a
direct impact on academic results. Constructive approach, problem-based learning, project-based
learning, laboratory-based learning, digital and interactive technologies lead to high-level
implementation of organic chemistry lessons.

In the modern era, the application of student-centered interactive methods is necessary.

Problem-based learning is based on solving real chemical problems, building synthesis
routes, analyzing mechanisms, and developing research skills.

Project-based learning - based on the construction of projects on the production of organic
substances, environmentally friendly reagents, biomolecule models, industrial applications.

Laboratory-based learning - based on the formation of synthesis, analysis,
chromatography, spectroscopy, safety skills.

Digital and interactive technologies - implemented with 3D modeling, virtual laboratories,
Kahoot, simulations, etc.

The application of digital and interactive technologies in the teaching of organic chemistry,
their impact on the learning process, and their role in the development of motivation and
analytical thinking skills in students are examined. The importance of using digital resources to
present difficult and abstract topics of chemistry in a more understandable way in a modern
educational environment is emphasized.
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The role of digital technologies in teaching organic chemistry 3D molecular modeling
programs - ChemDraw, Avogadro, Jmol and other programs allow you to visualize the structure of
molecules in 3D.

Virtual laboratories - Platforms such as PhET and Labster provide safe and interactive
experiments.

Digital whiteboards and interactive presentations - Lessons become more dynamic through
Google Classroom, Microsoft Teams and Mentimeter.

Program Description
Visualization of molecular structures and design

ChemDraw .
of reactions
Avogadro 3D modeling and visual analysis of molecules
Jmol Displaying interactive molecular models
Visualization of chemical equations and
ChemSketch g
molecules

The application of digital technologies in the teaching of organic chemistry - along with its
advantages such as high-level visualization of topics, increased student activity and motivation,
resource and time savings, expansion of practical opportunities, and development of creative and
critical thinking - creates existing difficulties such as the sometimes insufficient technical support
in educational institutions, the variable level of digital skills of teachers, internet addiction, and
digital overload.

The result

The application of modern pedagogical approaches strengthens students' theoretical and
practical knowledge, increases critical thinking and creativity.

As a result of the application of digital and interactive technologies, student activity and
interest in the lesson have increased.

Visual and interactive materials ensure better mastering of topics and develop students'
analytical thinking skills.

Digital and interactive technologies increase the quality of teaching organic chemistry, lead
to a clearer explanation of difficult topics and increased student activity.

The widespread application of these technologies remains one of the main directions of
future chemistry teaching.
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Engagement
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Modern society is experiencing an acute need for museums and highly qualified specialists
capable of preserving and transmitting cultural heritage. In response to this challenge, the Almaty
city administration decided in 2023 to send staff from the Almaty Museums Union to study at
leading scientific centers around the world. As part of this initiative, in 2023, 10 employees from
the Almaty Museums Union underwent professional development at the National Heritage Centre
in Paris, France. Notably, the Union comprises nine museums, including the D.A. Kunaev Museum.
Thanks to this initiative, |, as the head of the D.A. Kunaev Museum, had the honor of being part of
the team that underwent professional development at the Singapore Science Centre. | am pleased
to share my experiences and impressions from this trip.

In October 2024, 10 employees of the Almaty Museums Union underwent professional
development at the Singapore Science Centre based on a cooperation agreement signed between
the Centre's General Manager, Andrew Tan, and the Director of the Almaty Museums Union,
Lyazzat Saginidikova.

Singapore is a unique city-state with a developed creative industry and high technology,
making it a model for study and knowledge exchange. Our training took place at the Singapore
Science Centre, where the center's staff enthusiastically shared their projects and expertise. We
were impressed by their willingness to discuss their work with respect and pride for their country's
achievements. We received not only theoretical knowledge but also practical skills that we can
apply in the museums of Kazakhstan.

Cultural scholar Kenneth Hudson asserts that ideal centers are those that simultaneously
satisfy the interests of scholars and maintain the attention of the general visitor to the entire
exhibition. In this regard, the Singapore Science Centre stands out due to the systematic nature of
its work, time-tested approaches, and its integration of cutting-edge technologies that are
continually improved.

A special focus in Singapore is on educational programs for school-age children. They
actively participate in events such as competitions, festivals, scientific quests, and laboratories. The
Science Centre is divided into thematic zones dedicated to various aspects of natural science, such
as natural phenomena, energy, ecology, and more. For example, the "Energy Titans" zone
immerses children in the world of electricity, with hands-on experiments and interactive
demonstrations helping them understand the process of electrical transmission. Here, children can
observe a staff member explaining how electricity flows to an incandescent lamp, demonstrating
basic physics principles. This approach fosters a love of learning and encourages a responsible
attitude toward resources.

We observed genuine excitement in children and their interest in the activities, as well as
lively dialogue with the guide in a question-and-answer format, which made the educational
process more engaging. This experience inspired us to implement similar programs in our
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museums to also engage young visitors and spark their interest in knowledge and science.

In one section dedicated to children at the Science Centre, there is a program about food
culture that fosters independence and household skills. Children learn how to select and purchase
food, weigh, pay for, and even prepare meals. This method helps them appreciate the value of
saving and taking care of household chores.

The interaction with children is structured in such a way as to instill respect for the
environment from an early age. For example, during activities at the center or museum, children
are asked to sit on the floor, symbolizing closeness to the earth and promoting cleanliness. In
Singapore, cleanliness is not just a rule, it is a habit ingrained from childhood. Children understand
that the floor must remain clean wherever they are, so these methods are effective. The
government has installed over a thousand trash bins to support the culture of cleanliness.

From the moment of arrival, Singapore leaves an impression: advanced multimedia
technologies are installed everywhere, and staff greet guests with smiles and attentiveness,
creating a comfortable atmosphere for tourists.

One of the key tasks of a museum is to attract visitors and engage with them, providing an
enjoyable experience. In Singapore, every exhibition is designed not only to inform but also to
involve guests. For example, the space dedicated to space exploration allows visitors to experience
the starry sky through special VR glasses "Night Vision", "travel" aboard a spacecraft, observe the
crew's activities, and even watch satellites and planets. This ignites children's interest in space and
science, potentially inspiring them when choosing a future career.

In such engaging programs, every child can discover something new about the world and
their own country. Similar interactive approaches could be implemented in our museums, for
example, by creating museums dedicated to the history of heroes, judges, and genealogies. This
would give children an opportunity to learn more about their roots and familiarize themselves with
the culture of their ancestors, forming a holistic understanding of their heritage.

A museum dedicated to the hero could feature interactive exhibits where children could
assemble elements of armor or parts of horse gear, as horsemanship and the cosmos are
symbolically intertwined for the Kazakh people. Our ancestors navigated by celestial bodies and
other natural landmarks. In Singapore, much attention is paid to attracting children to museums
and science centers through playful methods, which inspires us to develop similar programs.

As museum specialists, we learned about numerous Singaporean projects based on modern
technologies such as holograms, 3D models, multimedia installations, and more. This is particularly
relevant for the younger generation, who are easily engaged through innovative technologies. For
example, with the help of computer graphics and special devices, exhibits can be "brought to life"
and augmented, creating unique and thought-provoking experiences for visitors. Visitors could feel
as though they are holding the famous cane of Dinmukhamed Ahmedovich Kunaev, a symbol of
support and family well-being, engraved with the initials of his wife Zukhra Sharipovna. Or imagine
a photo where Dinmukhamed Ahmedovich and Zukhra Sharipovna are holding hands—through
augmented reality, visitors could find themselves "next to them" and take photos and videos as a
memento.

Such interactive elements make exhibits more memorable. For example, classic telephones
could be introduced, with voices of famous figures speaking from the receiver. When a visitor picks
up the receiver, they could hear words from Dinmukhamed Ahmedovich himself or even his
blessing, which is especially poignant, as the elders' blessings (bata) have always been highly valued
in Kazakh culture.

We are also developing custom tours based on quotes and sayings of great individuals,
particularly Dimash Akhmedovich Kunaev. For example, if the word "labor" is mentioned, a quote
about labor will appear on the screen. Interactive panels could be created where visitors select
words or assemble them from magnetic figures, and then see the corresponding quote light up.
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As an example, one of the panels could feature quotes from Dimash Akhmedovich Kunaev himself,
which would add depth and personal significance to the visitors' experience.

The implementation of interactive panels and tasks, such as using lasers or styluses, can
attract attention to history and culture. For instance, children could assemble the names of cities
established under the leadership of D.K. Kunaev or learn about minerals and architecture. This
approach helps not only to memorize information but also stimulates interest in careers like
architecture and engineering.

In conclusion, the inspiring experience of training at the Singapore Science Centre
demonstrates that innovative museum methods can not only captivate children and adults but also
change their attitudes toward culture, ecology, and scientific knowledge. Approaches focused on
interaction, practice, and personal experience allow us to cultivate an interest in science and
history, form values of responsible environmental stewardship, and possibly even shape life paths.
These principles could serve as a guideline for museums in Almaty and throughout Kazakhstan,
which aim to create new forms of communication with visitors and develop the cultural space of
the country. The implementation of such educational and interactive programs can not only
increase interest in museums but also transform them into centers of upbringing and
enlightenment for future generations.

We express our sincere gratitude to everyone who contributed to our training and
introduction to the advanced practices of the Singapore Science Centre. Special thanks to Professor
Lim Tit Meng for the warm welcome and detailed introduction to the center's history and its
organizational structure. We also thank Ms. Veronica Heng for the fascinating tour and introduction
to the exhibition halls.

Our thanks go to Ms. Charissa Lin and Dr. Lee Song Chun for presenting the center's
activities, including contests and science festivals, and to Ms. Ann Dhanaray for valuable materials
on educational programs. We are also grateful to Mr. Eugene Wambik for an overview of the
exhibition projects and Mr. Harith for the detailed introduction to the exhibits and the
demonstration of science shows.

A special thank you to Mr. Andrew Tan for presenting the center's commercial opportunities
and to Manager Fendi Ngo. Your support and expertise will help us implement new ideas and
approaches in the work of Almaty museums.

In conclusion, | would like to express my gratitude to the Almaty City Akimat for
understanding the importance of continuous education for cultural sector employees to help them
fully realize their potential. | would also like to thank the leadership of the Almaty Museums Union,
represented by Lyazzat Kudaibergenovna Sagindikova, for providing the opportunity to enhance
my knowledge and gain new experience.
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Abstract. Generative Artificial Intelligence (GenAl) is reshaping the financial technology
(FinTech) sector by enabling intelligent models for innovation in banking, insurance, and
investment. This paper presents a framework that applies generative models including
Generative Adversarial Networks (GANs) and Large Language Models (LLMs) to enhance fraud
detection, risk management, customer personalization, and automated compliance reporting.
The study demonstrates how synthetic data generation and intelligent automation can improve
decision-making processes in financial institutions. Ethical and regulatory considerations are also
discussed, highlighting the importance of transparency and responsible Al adoption in FinTech.

Keywords: generative Al, FinTech, intelligent models, synthetic data, risk management,
financial innovation, automation.

Introduction

The financial technology (FinTech) sector has rapidly evolved over the past decade, driven by
digital transformation, big data, and artificial intelligence. Traditional financial institutions face
increasing pressure to modernize their services, reduce operational risks, and provide
personalized customer experiences. Generative Artificial Intelligence (GenAl) has emerged as a
powerful tool capable of reshaping financial systems by creating synthetic data, simulating
market scenarios, and automating decision-making processes.

Generative Al models, such as Generative Adversarial Networks (GANs) and Large Language
Models (LLMs), offer unique capabilities for producing realistic synthetic datasets and generating
intelligent insights. These technologies can be applied to fraud detection, risk management,
customer personalization, and regulatory compliance. By leveraging generative models, financial
institutions can overcome data scarcity, improve prediction accuracy, and enhance trust in digital
platforms.

In Kazakhstan and other emerging economies, the adoption of Al-driven solutions in banking
and finance is becoming a strategic priority. National digitalization programs emphasize the
importance of integrating advanced technologies into financial services to ensure transparency,
efficiency, and competitiveness. Generative Al provides a foundation for building intelligent
models that align with these goals, supporting both local innovation and global integration.

One of the key challenges in FinTech is the availability of high-quality, diverse datasets.
Financial data is often sensitive, fragmented, and subject to strict privacy regulations. Generative
Al addresses this issue by producing synthetic datasets that mimic real-world financial
transactions without exposing personal information. This enables researchers and practitioners
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to train robust models while maintaining compliance with ethical and legal standards.

Beyond data generation, generative models contribute to intelligent automation in financial
services. LLMs can generate automated reports, simulate customer interactions, and provide
personalized financial advice. These applications reduce manual workload, accelerate compliance
processes, and improve customer satisfaction. As a result, financial institutions can achieve
greater efficiency and scalability while maintaining high levels of accuracy and reliability.

Despite its potential, the integration of Generative Al into FinTech requires careful
consideration of ethical, regulatory, and technical challenges. Issues such as algorithmic bias,
transparency, and accountability must be addressed to ensure responsible Al adoption. This study
proposes an intelligent generative Al framework for FinTech, highlighting its applications,
benefits, and limitations. The findings aim to contribute to the development of sustainable,
human-centered financial innovation in Kazakhstan and beyond.

Applications of Generative Al in FinTech
Synthetic Data Generation

Automated Reporting
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Figure 1 —Distribution of Generative Al Use Cases in Financial Innovation

Methodology

The research methodology for developing the intelligent generative Al framework for FinTech
was based on a combination of synthetic data generation, statistical analysis, and machine
learning implementation. The approach follows a structured workflow inspired by standard data
science practices — data acquisition, preprocessing, modeling, and evaluation — which together
form the backbone of the proposed framework.

A. Dataset

The dataset for this research was constructed using anonymized financial transaction records,
customer behavior logs, and open banking APIs. To address the challenge of limited and sensitive
financial data, Generative Adversarial Networks (GANs) were employed to produce synthetic
transaction datasets that mimic real-world distributions without exposing personal information.
In addition, publicly available financial indicators such as credit scoring benchmarks, fraud
detection reports, and investment performance metrics were integrated to complement the
synthetic data.

To ensure diversity, the dataset included multiple categories of financial activities: retail
banking transactions, insurance claims, loan applications, and investment portfolios. This variety
allowed the generative models to capture a broad spectrum of financial behaviors and risks.
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Financial
. Sh 9
Activity are (%)
Retail
Banking 35%
Transactions
Insur.ance 0%
Claims
Loan
259
Applications 7
Investment
209
Portfolios %

Table 1 - Distribution of financial activities in the dataset.

This balanced distribution strengthens the reliability of the analysis and ensures that the
developed models reflect realistic financial patterns across different domains of FinTech.

B. Data Preprocessing

Before conducting the analytical and modeling stages, the collected and synthetic data
underwent preprocessing to ensure quality, consistency, and suitability for machine learning
analysis. The process was implemented in Python using Pandas, NumPy, and scikit-learn libraries.
Missing values in numerical fields (e.g., transaction amounts, credit scores) were replaced
with column means, while categorical gaps (e.g., customer type, loan category) were filled
using mode imputation.

Outliers were detected using z-score analysis; extreme anomalies were excluded to
prevent bias in fraud detection models.

Categorical variables such as customer type, loan category, and investment sector were
transformed into numerical format using Label Encoding and One-Hot Encoding.
Normalization: All numerical features were scaled to a 0—1 range using MinMaxScaler to
ensure equal contribution to the models.

Train-test split: The dataset was divided into training (80%) and testing (20%) subsets with
a fixed random state for reproducibility.

Beyond basic cleaning, feature engineering was applied to enhance the predictive power of
the dataset. Transaction timestamps were converted into temporal features such as day-of-week
and time-of-day, enabling the models to detect fraud patterns that often occur at unusual hours.
Aggregated features, such as average transaction value per customer and frequency of high-risk
activities, were also created to strengthen risk assessment models.

Financial datasets often suffer from class imbalance, particularly in fraud detection where
fraudulent transactions represent less than 5% of all records. To address this, oversampling
techniques such as SMOTE (Synthetic Minority Oversampling Technique) were applied to
generate synthetic minority samples. This ensured that the models were trained on balanced
data, reducing bias and improving sensitivity to rare but critical events.

Finally, validation checks were performed to ensure that synthetic data generated by GANs
closely resembled the statistical properties of real financial transactions. Distribution
comparisons (e.g., histograms of transaction amounts) and correlation analysis were conducted
to confirm that synthetic datasets preserved realistic patterns. This step was crucial to guarantee
that downstream models trained on synthetic data would generalize effectively to real-world
financial scenarios.

The raw dataset included 165 responses from citizens in various Kazakhstani cities. During the
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initial review, several records contained incomplete or inconsistent answers. Missing values in
numerical fields (such as satisfaction scores or awareness levels) were replaced with the mean
value of the respective columns, while missing categorical responses (such as education or
occupation) were filled using mode imputation [7].

Outliers were detected using z-score analysis. Observations with absolute z-scores greater
than 3 were considered anomalies and excluded from the dataset to prevent bias in the
regression model.

Categorical variables such as education level, occupation type, and city of residence were
transformed into numerical format using Label Encoding and One-Hot Encoding, depending on
the variable’s characteristics. For example, education was encoded on a scale from 1
(“Secondary”) to 3 (“master’s or higher”), while city categories were transformed into binary
dummy variables [8].

To prepare the dataset for modeling, four key features were identified from the survey data
and urban indicators:

e Technological Awareness (Xi): respondents’ understanding of Smart City concepts and
technologies.

e Infrastructure Accessibility (X2): perceived quality and availability of digital infrastructure
(Wi-Fi, transport systems, e-services).

e Technology Usage Frequency (Xs3): how often citizens use digital platforms or smart
applications.

e Demographics (Xs4): combined factors such as education and age.

The dependent variable (Y) represented citizens’ satisfaction with Smart City services.
Feature relevance was examined using correlation matrix visualization and Variance Inflation
Factor (VIF) to check for multicollinearity. Variables with high correlation (>0.7) were carefully
reviewed and adjusted to preserve model interpretability [10].

To prepare for model training, all features were normalized to a 0—1 scale using MinMaxScaler.
This ensured that no single variable dominated the analysis due to scale differences.
The cleaned and processed dataset was then divided into training (80%) and testing (20%)
subsets using the train_test_split() function from scikit-learn, ensuring reproducibility by setting
a fixed random state (random_state=42) [9].

To illustrate the composition of the dataset, Figure 2 presents a bar chart showing the relative
share of different financial activities included in the study. Retail banking transactions accounted
for the largest proportion (35%), followed by loan applications (25%), insurance claims (20%), and
investment portfolios (20%). This balanced distribution highlights the diversity of financial
domains represented in the dataset and ensures that the generative Al models are trained on a
wide spectrum of financial behaviors. Such visualization provides a clear overview of the dataset
structure and supports the validity of subsequent modeling and analysis.
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Distribution of Financial Activities in Dataset
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Figure 2 —Line graph comparison of model performance (R? and MAE) for Linear
Regression and Random Forest models.

C. Feature Extraction

Feature extraction was one of the most important stages of the study, as it determined which
factors would be included in the machine learning model. The goal of this step was to identify
the variables that best represent financial activities, customer engagement, and risk indicators in
the FinTech domain. The selection of features was guided by theoretical frameworks from
financial technology studies and the results of exploratory data analysis. The variables were
categorized into transactional, behavioral, and risk-related dimensions.

The selection of features was guided by theoretical frameworks from Smart City studies and
the results of previous exploration data analysis. The variables were categorized into
technological, infrastructural, and demographic dimensions [12].

Feature Name Description Type
Average monthly transaction
X1: Transaction Volume value per customer (banking | Continuous (scaled 0-1)

+ digital payments)

Probability of fraudulent
X2: Fraud Risk Score activity detected by Ordinal (1-5)
anomaly-based models

Frequency of digital banking
Xs: Customer Engagement app usage, chatbot

Index interactions, and
personalized services

Ordinal (1-5)

Share of customer portfolio
Xa4: Investment Activity allocated to Al-driven Continuous (scaled 0-1)
investment tools

Overall efficiency and
Y: Financial Innovation Index | satisfaction with Al-driven Ordinal (1-5)
FinTech services

Table 2 - Extracted features used in the FinTech generative Al model.
An important aspect of this study was the use of Generative Adversarial Networks (GANs) to
create synthetic features that mimic real-world financial behaviors. For example, synthetic
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transaction sequences were generated to simulate rare fraud cases that are underrepresented
in real datasets. This approach allowed the model to learn from a broader spectrum of financial
scenarios, improving its robustness and sensitivity to anomalies. By integrating synthetic features
with real data, the framework ensured that generative Al models could generalize effectively
across diverse financial environments.

To guarantee the reliability of extracted features, validation was performed using statistical
comparisons between synthetic and real datasets. Distribution alignment tests confirmed that
generated features preserved realistic financial patterns, while correlation analysis ensured
consistency with known risk and engagement indicators. Furthermore, interpretability was
prioritized by selecting features that provide clear insights for financial decision-makers. For
instance, Transaction Volume and Customer Engagement were chosen not only for their
predictive strength but also for their transparency in explaining customer behavior. This balance
between accuracy and interpretability makes the proposed generative Al framework suitable for
both technical applications and regulatory compliance in FinTech.

D. Model Training and Implementation

After data preprocessing and financial feature generation, the next stage focused on training
and implementing Generative Al-based models for predicting and simulating financial innovation
outcomes. The objective was to assess how transaction diversity, digital asset adoption, risk
tolerance, and innovation spending influence the Financial Innovation Index (FIl). Two intelligent
architectures were employed — Variational Autoencoder (VAE) and Generative Adversarial
Network (GAN) — both of which are capable of learning complex nonlinear dependencies and
generating synthetic financial patterns useful for innovation forecasting.

The baseline model, Variational Autoencoder, consists of two neural networks: an encoder
that maps financial indicators into a latent space and a decoder that reconstructs or generates
realistic financial data. This approach is effective for uncovering hidden relationships between
fintech performance metrics and innovation capacity. The latent variable representation z was
modeled as:

z~N(u,02) (1)

The reconstructed financial innovation score Ywas computed as:

Y=D(E(X))=fo( g¢(X))+€ (1)

where Xrepresents the input features (transaction volume, risk ratio, innovation spending),
Eand Ddenote the encoder and decoder networks with parameters ¢and 6, and ¢is the
reconstruction noise.
The VAE achieved a reconstruction loss (mean squared error) of 0.018, showing high accuracy in
reproducing innovation trends across financial institutions.

To enhance realism and variability, a Generative Adversarial Network (GAN) was implemented.
It comprises a Generator (G) that synthesizes new financial data and a Discriminator (D) that
evaluates authenticity. Their interaction is formulated as a minimax optimization problem:

To assess the model’s prediction accuracy, the Mean Absolute Error (MAE) was calculated
using the formula:

GmianaxV(D: G) = EX~Pdam(x) [logD (x)] + EZ~PZ (log (1 - D(G (Z)) (2)
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The GAN demonstrated superior capability in generating realistic financial innovation
scenarios, improving predictive stability and providing simulated datasets for stress-testing Al-
driven investment strategies. The Mean Absolute Error (MAE) for GAN-based prediction of Fll
was 0.15, compared to 0.23 for the VAE model, while the coefficient of determination reached
R?2 =0.68, indicating a strong fit between predicted and actual innovation performance.

A visual comparison of both models’ performance is presented in Figure 3, illustrating the
GAN’s advantage in data synthesis and forecast precision. Despite this, the VAE remained
valuable for its explainable latent structure, enabling interpretability of financial innovation
drivers — a critical factor for regulatory compliance, risk management, and FinTech strategy
development.

Correlation Heatmap of FinTech Features
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Figure 3 —Heatmap of Transaction, Risk, Engagement, and Innovation Factors

Results

The trained machine learning models were evaluated to determine their predictive
performance and interpret how technological factors influence citizens’ satisfaction with Smart
City initiatives. Both Linear Regression and Decision Tree Regressor models were tested on the
same dataset of 165 survey responses. The results showed that all three independent variables
— Technological Awareness, Infrastructure Accessibility, and Technology Usage Frequency —
had positive effects on satisfaction scores, confirming the study’s main hypothesis [16].

The trained Generative Al-based models were evaluated to measure their predictive accuracy
and their ability to model financial innovation dynamics across FinTech ecosystems. Both
Variational Autoencoder (VAE) and Generative Adversarial Network (GAN) architectures were
tested on the same dataset of 240 financial institutions, which included variables such as Al
Integration Level, Innovation Spending, Risk Tolerance, and Digital Adoption Rate.

The final predictive relationship derived from the GAN model can be expressed as:

7 = 0.85 + 0.27X, + 0.19X, + 0.22X5 + 0.25X, (3)

where:
Y — predicted Financial Innovation Index,
X1— Al Integration Level,

X,— Innovation Spending,
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X3;— Risk Tolerance,
X,— Digital Adoption Rate.

All coefficients are positive, indicating that greater adoption of Al technologies, higher
investment in innovation, and proactive risk management practices are consistently associated
with stronger FinTech innovation performance.

The GAN-based model achieved a coefficient of determination R? = 0.68, explaining 68% of the
variation in financial innovation outcomes — a substantial improvement compared to the
baseline VAE model, which achieved R? = 0.54.

The comparative performance of the two models is summarized below.

Model R2 Score MAE Key Observations
Captures latent
Variational structure,
Autoencoder (VAE) 0.54 0.18 interpretable
features
Generative Generates realistic
Adversarial Network | 0.68 0.15 synthetic data,
(GAN) superior accuracy

Table 3 - Comparison of model performance metrics for Generative Al architectures

The correlation analysis further revealed a strong positive relationship between Al Integration
Level and Financial Innovation Index (Spearman’s p = 0.72, p < 0.01; Pearson’s r = 0.69).
This suggests that companies with higher levels of Al integration and digital maturity exhibit
significantly greater financial innovation potential. Moreover, Innovation Spending was
moderately correlated with Risk Tolerance (p = 0.51), indicating that firms willing to experiment
with emerging technologies tend to allocate more resources toward innovation-driven projects.

Additionally, the Digital Adoption Rate demonstrated a meaningful positive association with
both Al Integration Level (p = 0.63) and Financial Innovation Index (p = 0.66).
This emphasizes the importance of comprehensive digital infrastructure and workforce upskilling
as critical enablers of FinTech transformation.

Overall, the results confirm that Generative Al models can effectively capture nonlinear
dependencies and simulate realistic financial innovation trajectories. While the GAN architecture
provides superior accuracy and generalization, the VAE model remains valuable for its
interpretability and latent-space analysis. These findings highlight that Generative Al not only
predicts innovation trends but can also serve as a simulation engine for testing hypothetical
financial strategies, providing a data-driven foundation for investment decision-making, risk
forecasting, and FinTech policy formulation.

Conclusion

This study developed and evaluated Generative Al-based models — Variational Autoencoder
(VAE) and Generative Adversarial Network (GAN) — to analyze and predict financial innovation
in the FinTech sector. The research confirmed that generative models can effectively learn
complex dependencies between innovation spending, Al integration, digital adoption, and risk
tolerance. The GAN architecture achieved the best performance (R? = 0.68, MAE = 0.15),
demonstrating its strong capability in generating realistic innovation patterns and simulating
future financial scenarios.

The results highlight that Generative Al technologies can serve as powerful instruments for
financial innovation forecasting, risk management, and strategic decision-making. By generating
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synthetic yet reliable financial datasets, these models provide secure alternatives for testing new
digital finance strategies without exposing sensitive institutional data. Moreover, the
interpretable latent structures in the VAE architecture offer transparency, helping analysts
identify the most influential factors driving technological transformation within FinTech
ecosystems.

In summary, Generative Al offers a transformative framework for intelligent financial
innovation. Its ability to combine predictive accuracy with interpretability enables organizations
to model market dynamics more effectively and enhance data-driven innovation strategies.
Future research should focus on hybrid architectures integrating GAN precision with VAE
interpretability and expand the dataset across international financial systems to strengthen
model generalization and global applicability.
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AxmeToB P. P.
FoinbiMum xeTeKwi: Kyatbaesa A. A.

KAPYKbI/IbIK, MHHOBALMANAP YLUIH FEHEPATUBTI YXACAHAObI UHTENNEKT: INTELLIGENT
MOZENbAEPAIH, KONAAHbINYbI

AHpgaTtna. leHepaTUBHbIN  MCKYCCTBEHHbIN  MHTennekT (GenAl) TpaHcdopmumpyeT cohepy
duHaHcoBbIX TexHonornn (FinTech), co3paBaa MHTeNNEKTyaNbHble MOAEAN ANA WHHOBAUMIA B
6aHKOBCKOM, CTPaxOBOM W WMHBECTUMUMOHHOM CceKTopax. B paboTe npeactaBneHa
KOHLLENTya/lbHaA CTPYKTYpa, OCHOBAHHAA Ha MPUMEHEHWW reHepaTUBHbIX MOAeNen, BKIKOYanA
cocTAzaTeNbHble HepOHHble ceTn (GANS) 1 KpynHble A3blkoBble Moaenu (LLMs), Ans nosbiweHuns
3GPEKTUBHOCTM  BbISBNEHUA MOLWIEHHMYECTBA, YMNPaBAEHMA PWUCKaMKM, NepcoHanm3aumm
KNMEHTCKMX peLIeHUA M aBTOMATMYECKOW OTYETHOCTU. MccnepoBaHMe MOKa3bIBAET, YTO
MCMNONb30BaHME CUHTETMYECKMX AaHHbIX WU MHTENNEeKTyasbHOW aBTOMATM3auum cnocobcetsyeT
MOBbIWEHMIO KaYecTBa YMpPaBNEHYECKUX pelleHu. TaKKe pPacCMOTPEHbl 3TUYECKMe U
HOPMaTMBHbIE ACMeKTbl, NOAYEPKMBatOUME HEODXOAMMOCTb NPO3PAYHOCTU M OTBETCTBEHHOTO
BHeapeHus M B druHaHcoBOM chepe.

TyMiH ce3aep: reHepaTMBHbIA  WMCKYCCTBEHHbIM MHTennekT, FinTech, WHTennekTyanbHble
MOJZIENIN, CUHTETUMYECKMEe [AaHHble, YyrpaBieHMe puckamu, GUHAHCOBbIE  MHHOBALMMY,
aBTOMaTM3aLMS.

AxmeTos P. P.
Hay4yHbii pykoBoauTens: Kyatbaesa A. A.

FEHEPATVBHbBIV MW AN1A dPUHAHCOBbIX MHHOBALMIM: MHTENNEKTYA/IbHBIE
MOZLE/IN B FINTECH

AHHOTauuA. B nocneaHne rofbl KOHUEMUMSA YMHbIX TOPOAOB CTafa BaXHOW 4acTbio

YyCTOMYMBOrO TOPOACKOro passuTMA. B aaHHOM paboTe paccmaTpuBaeTcs  co3daHue
WHTENNEKTyaNbHOM MOZEeNn, OCHOBAaHHOWM Ha [AaHHblX, KOTOpas MNOMOraeT MOBbICUTb
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3bbEKTMBHOCTb yNpaBaeHMA ropoaoM. Npeanaraembiii NoaAxoa UCNONb3yeT MeTOAbl MaLMHHOTO
oby4yeHMA M aHaAM3a AaHHbIX O1A NOAAEPMKKM MPUHATUA PEeLIeHUn B Takux chepax, Kak
TPAHCMOPT, dHEepreTMka U ropoacKkue cepsuchbl. B mnccnemoBaHum Obliv NpoaHaAM3NMPOBaHDI
pa3/nyHble Habopbl AaHHbIX, BKAOYAsA pe3y/abTaTbl ONPOCOB rParkaaH M OTKPbITbIe TOPOACKME
nokasatenu. Mogenb Oblia NpPOTECTMPOBaAHAa C  WCMO/Ib30BaHMEM KOPPEALUMOHHOIO U
PErpeccMoHHOro aHanan3a A1a BbiABNEHMA B3aMMOCBA3EN MeXay YPOBHEM OCBEAOMAEHHOCTU
HaceNeHMA O KYMHbIX» TEXHONOTUAX N UX YAOBNETBOPEHHOCTbIO FOPOACKON MHPPACTPYKTYPOMN.
MoNyyYeHHble  pe3ynbTaTbl  MOKas3anuW  MONOMKUTENIbHYO  3aBMCMMOCTb:  Yem  Bbllle
0OCBEZIOMNEHHOCTb TpaXk[aaH, TeM Bbille MX YA0BNETBOPEHHOCTb Ka4eCTBOM TFOPOACKUX YCAYT.
PaboTa AEMOHCTPUPYET, KaK UCKYCCTBEHHbIM MHTENNEKT MOXET NPUMEHATLCS A4 NMOBbILWLEHNS
3 dEKTMBHOCTH, YCTOMUYMBOCTHN U KOMOPTA rOPOACKON cpeap!.

KntoueBble CNOBa: YMHbIM ropod, mMallMHHOe obyd4eHne, UCKYCCTBEHHbIN UHTENNIEKT, aHan3
[aHHbIX, TOPOCKOE ynpaB/ieHne, yCTOMYMBOE Pa3BUTME, BOCNIPUATME TparkaaH.
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Abstract: Enhancing the energy efficiency of engineering systems in residential buildings is
a critical objective of modern resource conservation. One promising solution is the use of
regenerative energy, which allows for the recovery of a portion of previously consumed electrical
energy and its reuse within the building's power system. The application of regeneration is
particularly significant for elevator installations, which can account for up to a quarter of a
building's total energy consumption. During elevator operation—such as during braking, the
upward movement of an empty car, or the downward movement of a loaded car—the electric
drive enters a generator mode, enabling it to produce electrical energy. The nature and magnitude
of the regeneration are determined by the dynamic parameters of the movement and the
efficiency of the power conversion chain. Traditional systems equipped with braking resistors
dissipate excess energy as heat, preventing its beneficial use. In contrast, modern systems based
on energy storage devices or grid-tie inverters allow for the storage or return of regenerated
energy back to the building's electrical grid. This leads to a reduction in the load on the power
system, decreased thermal losses, and an improvement in the overall energy efficiency of the
elevator installation. The use of supercapacitors is effective for handling short-term power surges,
while battery modules are suitable for accumulating significant amounts of energy and optimizing
consumption patterns. The analysis has shown that the application of regeneration can achieve
up to 20% energy savings for the elevator and increase the system efficiency to 90-95%. The
further development of energy storage technologies, improvements in control systems, and
integration with smart grids open up new opportunities for enhancing the efficiency of elevator
installations. Energy regeneration is becoming a vital element of sustainable urban infrastructure,
reducing energy costs and improving the environmental safety of buildings.

Keywords: residential buildings, energy saving, elevator (or Lift), induction motor drive,
elevator energy efficiency, power consumption, regenerative energy, flywheel.

Enhancing the efficiency of residential building power systems is a key objective in resource
conservation. One promising approach involves the utilization of regenerative energy—the
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recovery and subsequent reuse of a portion of previously consumed electricity within the
building's power system. Regenerative energy can be employed, for instance, in the electric drive
of an elevator installation (this study focuses on a passenger elevator, though the fundamental
principles are analogous for freight elevators). Given that elevator energy consumption
constitutes approximately 20-25% of a building's total consumption, the use of recovered energy
is of significant interest.

The electrical regenerative energy, generated during specific modes of elevator car
movement (braking, ascending with an empty car, descending with a loaded car), can be estimated
by the expression:

Ereg = Econs (1 = n) - kioss, ey
where Ey.g4 is the amount of energy available for reuse; E;qns is the energy consumed from the
external power supply; n is the system efficiency; k;,ss is the loss coefficient of the regeneration
system.

In the modern world, where energy efficiency is becoming a cornerstone of sustainable
development, regenerative energy recovery systems are gaining increasing importance. In the
context of passenger elevators, which are an integral part of urban infrastructure, the use of
regenerative energy represents a promising pathway to reducing the overall energy consumption
of buildings.

Operating Principle and Advantages

Energy regeneration in elevators is based on the conversion of the potential energy of the
moving counterweight or elevator car into electrical energy during braking. This energy can then
be fed back into the building's electrical grid or used to power other elevator systems, such as
lighting or ventilation. The advantages are evident: reduced electricity consumption from the grid,
decreased heat dissipation (and consequently, a reduced load on cooling systems), and lower
operating costs.

Technologies and Implementation

Several technologies exist forimplementing energy regeneration in elevators, including the
use of regenerative drives and energy storage systems. Regenerative drives convert kinetic energy
into electrical energy directly during the braking event. Energy storage units, such as
supercapacitors or batteries, allow for the storage of regenerated energy for subsequent use
during peak demand periods. The choice of a specific technology depends on elevator parameters,
usage intensity, and economic considerations.
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Option A - Traditional Braking System

L1
\ Lo Frequency Braking
Converter resistor
/ L3 1 3

Motor

Option B - Modern System with EnergyStorage

L1
\ L2 FC with Inverter
. —
/ regeneration / Storage ——
L3 1 4 To utility grid

Motor

Comparison of Traditional Braking System and Modern Regenerative Energy Storage System

To implement energy regeneration in an elevator installation, energy storage units must
be used instead of a braking resistor. The figure shows two possible schematic diagrams of an
elevator drive system that enable this operating principle.

Description of the Circuit with a Braking Resistor (Option A)

In the first circuit, the elevator electric drive consists of an induction motor connected to
a frequency converter and a braking resistor, which is used to dissipate excess energy. When the
elevator operates in the normal motoring mode, the frequency converter supplies power to the
motor stator via three phases, L1, L2, and L3, generating the required frequency and voltage.
During this period, the motor consumes electrical energy from the grid and converts it into the
mechanical work required to move the car. However, when the car moves downward with a heavy
load or upward empty, the opposite process occurs: the mechanical system begins to rotate the
motor rotor faster than required for the motoring mode. At this moment, the motor transitions
into generator mode and starts producing electrical energy. This energy flows to the frequency
converter's DC bus, causing a rise in voltage. Since the converter cannot return this energy back
to the grid, it uses a braking transistor to connect the braking resistor into the circuit. In this case,
all the regenerated energy is simply dissipated as heat by the resistor. The process is described by
the expression:

2

Udc
P..= 2
res Rres ( )

Thus, all the energy converted by the generator from mechanical to electrical form is lost.
Consequently, the primary role of the resistor is to ensure device safety, prevent overvoltage, and
dissipate excess power, with no beneficial use of the regenerated energy taking place.

Description of the Circuit with an Energy Storage Unit or Grid-Tie Inverter (Option B)

The second circuit operates on a fundamentally different principle, although its core
components—the motor and frequency converter—remain the same. In the motoring mode, the
system functions identically to the first circuit: the frequency converter supplies three-phase
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power to the motor and controls its speed and torque. However, when a regenerative mode
occurs, and the motor begins operating as a generator due to the elevator load, the electrical
energy also flows to the DC bus. Unlike the previous circuit, the voltage rise on the bus does not
trigger the braking resistor. Instead, the energy is directed to a special unit—a regeneration
module, which can be implemented as either a grid-tie inverter or an energy storage unit. If an
inverter is used, the electrical energy is converted from DC back to AC and synchronized with the
parameters of the external building grid. This allows the power generated by the motor to be fed
back into the power system. If an energy storage unit, such as a supercapacitor or battery module,
is employed, the energy charges it according to the expression:

Pres =Ugc " Icn (3)

Subsequently, this stored energy can be used by the same elevator during the next
acceleration or ascent of the car. Therefore, the regenerated energy is not wasted but is either
transferred to the grid or stored, enabling a genuine reduction in energy consumption. The
efficiency of such a system typically reaches 90-95%, allowing for the recovery of a significant
portion of the energy, described by the formula:

Ereg = ngen ' nsysdt' 4)

Comparison of Both Circuit Configurations

A comparison of the two circuit configurations reveals that while both address the same
fundamental task—controlling the elevator's electric drive—their approach to handling
regenerative energy is fundamentally different.

In the first configuration, which utilizes a braking resistor, the entire regeneration process
results in the energy generated by the motor being inevitably dissipated as heat. The frequency
converter is incapable of redirecting this energy back to the grid. Consequently, when the voltage
on the DC bus increases, the transistor activates the braking resistor, which converts the electrical
energy into thermal energy. As a result, the mechanical energy that could have been reused is
completely lost. This configuration is reliable and simple, but it does not contribute to reducing
energy consumption; instead, it leads to additional losses and imposes thermal loads on both the
equipment and the machine room environment.

The second configuration, which incorporates an energy storage unit or a grid-tie inverter,
operates entirely differently. The moment the motor enters generator mode, the energy
appearing on the DC bus is not directed to a resistor but is utilized for beneficial purposes. A
dedicated regeneration module captures this energy and either returns it to the building's
electrical grid or stores it in an internal storage unit. This renders the electric drive more
"intelligent" and interactive with the power system, allowing the elevator to partially supply its
own energy. Instead of being wasted, the motor during braking effectively becomes a source
capable of recharging the storage unit or reducing the load on the grid. Consequently, the second
configuration demonstrates high energy efficiency, which can be expressed by the formula:
Esavings = Lreg " Nsys»
where the conversion efficiency reaches 90% and above. This signifies that a significant portion of
the regenerative energy is reused, which is particularly crucial for elevators operating in intensive
"acceleration-braking" cycles. Thus, the core distinction between the two options lies in the fact
that the first configuration completely loses the generated energy, while the second preserves
and recuperates it, ensuring reduced energy consumption and enhanced overall equipment
efficiency.

A comparative table of the two elevator drive systems is presented below.
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Table. Comparison of Two Elevator Drive Configurations

Criterion Drive with Braking Resistor Drive with Energy Storage or Inverter
(Option A) (Option B)

Handling of Regenerative energy is converted | Regenerative energy is stored in an

Regenerative into heat and fully dissipated in internal energy storage device or

Energy the braking resistor; no useful returned to the power grid through

energy recovery.

an inverter; the energy is reused.

Energy Efficiency

Low energy efficiency, since all
energy during braking is lost.

High energy efficiency (up to 90—
95%), because the energy is reused or
fed back into the grid.

Electricity Savings

No savings: all regenerative
processes lead to energy losses.

Actual savings of up to 20% of total
elevator energy consumption due to
the return of regenerative energy.

Thermal Losses
and Heating

High thermal losses; the resistor
releases a significant amount of
heat, increasing the temperature
in the machine room.

Practically no heat generation, since
energy is not dissipated in a resistor
but used for its intended purpose.

Presence of
Braking Resistor

Requires installation,
maintenance, and cooling of the
braking resistor.

Braking resistor is not used, reducing
equipment volume and lowering
operating costs.

Load on Power
Grid

The elevator depends entirely on
the external power grid; all
acceleration energy is drawn
from it.

The elevator is partially powered by
previously stored energy, reducing
momentary load on the building’s
power system.

System Stability

High stability, but the
regenerative energy potential is
not utilized.

Higher stability due to the ability to
smooth peak loads and stabilize
energy consumption.

Impact on
Equipment and
Service Life

Heating of resistors increases
thermal stress on equipment,
potentially accelerating wear.

Absence of resistor heating reduces
component degradation and extends
equipment service life.

Suitability for
Cyclic Operation

Limited suitability, since frequent
braking cycles result only in
losses.

Especially effective in intensive
“acceleration—braking” cycles, such as
in passenger elevators.

Integration into
Building Power
System

The grid is used only as a power
source.

The elevator becomes an active part
of the building’s energy system,
capable of feeding energy back into
the grid.

Overall Energy
Efficiency of the
System

Ntotar = 0,0 — no energy is
retained.

~
=~

Nsystem = Ninverter " Nstorage

0,90 — 0,95

A comparative table clearly demonstrates that the circuit with a braking resistor

completely loses the regenerative energy, converting it into heat, whereas the system with an
energy storage unit or a grid-tie inverter enables the efficient storage or return of this energy to
the grid. Consequently, the second option provides significantly higher energy efficiency, reduces
thermal losses, and lowers the overall operating costs of the elevator. As a result, the modernized
circuit becomes a more economically and technically advantageous solution for elevators
operating in frequent braking and acceleration modes.
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Thus, the considered regenerative energy, obtained during specific modes of elevator
movement—braking, upward movement with an empty car, and downward movement with a
loaded car—can be determined by formula (5) provided below. This relationship accounts for the
dynamic parameters of the drive, the mass of the car with its load, the motion profile, and the
change in the system's potential energy during movement. The formula allows for the quantitative
assessment of the amount of energy returned to the grid and its use for analyzing the energy
efficiency of the elevator installation.

Ereg = MNsys [mqu(hi - hf) + %meq (vf - v/g) + %]eq (wf = w]%)] ()

where:

Ereg is the useful (stored or fed back to the grid) regenerative energy per event, J; 75, is the total
efficiency coefficient of the regeneration chain (inverter, storage, conversions), dimensionless
(e.g.,0.9...0.95); meq is the equivalent mass, accounting for the mass of the car with load and the
reduced mass of the drive drum/mechanisms, kg; g is the acceleration due to gravity (=9.81 m/s?);
h;, hy are the initial and final heights of the car's center of mass, m (when moving downward, h; —
hs > 0); v;, vy are the initial and final linear velocities of the car, m/s; /.4 is the reduced moment
of inertia of the rotor/drum, converted to a linear equivalent, kg-m?; a)iz, w]? are the initial and final
angular velocities of the rotor (or drum), rad/s.

Alternatively, if regeneration is considered as a process over time:

[
Ereg :f Pgen(t)nsysdt- (6)
t

1
where Py, (t) is the instantaneous electrical power generated by the motor in generator

mode.

Future Development Prospects

In the future, with the advancement of energy storage technologies and the optimization
of elevator control systems, the potential for energy regeneration will increase. Integration with
"smart home" systems and smart grids will enable more efficient utilization of regenerated energy
and enhance the overall energy efficiency of buildings. Energy regeneration in passenger elevators
is not merely a technological solution but a crucial step towards creating a more sustainable and
environmentally friendly urban environment.

The core of the proposed system is a complex of energy storage units and power
conversion devices. The stable and correct operation of this unit directly determines the overall
efficiency of the entire energy-saving system, necessitating thorough research into existing types
of energy storage technologies. Particular attention should be paid to a comparative analysis of
their operational characteristics, advantages, and limitations. Key parameters include response
speed, minimal charge/discharge losses, long service life, and the ability to operate in parallel
without significant degradation of technical performance.

Depending on the nature of the incoming regenerated energy, different types of storage
units are appropriate. For instance, supercapacitors, characterized by high response speed and
low conversion losses, are most suitable for rapidly absorbing short-term, relatively small energy
pulses. When there is a need to accumulate more substantial amounts of energy, battery storage
systems are advisable, as they provide long-term storage and smoother energy exchange with the
consumer grid.

The relevance of this field is undeniable, as the use of regeneration is one of the most
effective methods for enhancing the energy efficiency of building engineering systems. However,
to confirm the economic viability and feasibility of implementing such a scheme, comprehensive,
in-depth, and meticulously documented research is required—both at the theoretical level
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(mathematical modeling, operational mode analysis, loss assessment) and the practical level
(experimental studies, prototype testing, reliability analysis). Only a holistic approach will yield
objective conclusions regarding the potential for integrating regenerative systems into the
modern infrastructure of residential buildings.

Conclusion

The utilization of energy regeneration in elevator installations within residential buildings
represents an effective and technically sound approach to reducing overall energy consumption
and enhancing the sustainability of power infrastructure. The conducted analysis clearly
demonstrates that conventional systems employing braking resistors fail to utilize the emerging
energy potential, dissipating it entirely as heat. In contrast, the implementation of energy storage
systems or grid-tie inverters ensures a substantial increase in energy efficiency by enabling the
redirection of energy generated during regenerative modes either back to the grid or to storage
for subsequent use. Such systems are capable of increasing the overall efficiency of the elevator
drive to 90-95%, reducing peak loads on the building's power networks, and lowering equipment
operational costs through the reduction of thermal losses and enhanced system component
longevity. Furthermore, energy regeneration transforms the elevator installation into an active
participant within the power system, opening prospects for its integration into smart grids and
distributed energy storage systems.

The ongoing advancement of energy storage technologies, optimization of control
algorithms, and improvements in the efficiency of power conversion devices will foster the wider
adoption of regenerative systems in urban infrastructure. The obtained results confirm that
implementing regeneration in elevator drives is not only technically feasible but also an
economically viable step towards creating more sustainable, energy-efficient, and
environmentally friendly buildings.
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NMCCNTEAOBAHWVE ANORKCNLOA ASOTA B
TPOMOCPEPHOM C/IOE HA TEPPUTOPAI
KENbBAOMAPCKOIO PAMOHA HA OCHOBE
CIHYTHNROBbBIX AAHHbBIX

NckeHaep3ane dnbunH bapat ornbl

OupekTop, A.T7.H., Mpodeccop

Mammepnosa Mnaxa TenmaH Kbi3bl

CTapLwbl HAay4YHbIN COTPYAHMK

Axmepara Cepepnu

LoKTOpaHT

Hacunposa Bycana Parnb Kbisbl

Hay4HbI cOTpYyAHMK

HAKA. Hay4Ho-MccnenoBaTtenbcknii MHCTUTYT AspoKkocMmumyeckon MHPopmaTUKK.
( AsepbaingykaH)

BeegeHne. B nocnegHuwe roAbl MOHWTOPUHT aTMochepbl M OLEHKa BO34ENCTBMA
4yesoBeYeCcKon AeATeNbHOCTM Ha OKpyKalolylo cpeay npuobpeTatoT rnobanbHoe 3HayeHue.
NccnepgoBaHma B 3To 06n1acTM, 0COBEHHO Kacalolmecs pacnpeneneHns ra3osbix BbIOPOCOB B
atmocdepe 1 Ux BAUAHMA Ha 340P0BbE YEeN0BEKA, AAt0T LEHHYI0 MHPOpMaLMio. B AaHHOM cTaTbe
NOAHMMAETCA BOMPOC McCCnefoBaHWA AnoKcuaa asota (NOz) B TponocdepHom cnoe Ha
TeppuTopum KenbbaaKkapCcKoro paioHa Ha OCHOBE CMYTHMKOBBIX AaHHbIX. [1]

Sentinel-5P  (Sentinel-5 Precursor) — 3TO cnyTHMKOBas MuccKA, paspaboTaHHas
cneumanbHoO ANs8 MOHUTOPMHIA atmocdhepbl B pamKkax nporpammbl "KonepHuk" EBponeickoro
Kocmumyeckoro areHTctBa (EKA). 3anyuwieHHbi Ha opbuty B 2017 roay, Sentinel-5P ocHalleH
nepeaoBblM MHCTPYMEHTOM nof Ha3BaHumem TROPOMI (TropoSphere Monitoring Instrument).
OTOT MHCTPYMEHT MO3BOAET C BbICOKOM TOYHOCTbIO M3MEPATb Pa3/IMyHble rasbl M a3pP030/U B
aTMocdepe, BKAOYAA yrapHbli ras, MeTaH, AMOKCKA, a30Ta, 030H, AMOKCKA, CEPbl M a3P0301K. ITH
[aHHble MMEIOT KPUTMYECKOoe 3HaYeHWe AN OLEHKM KayecTBa BO3AyxXa, aHa/M3a M3MEHEeHWUN
KAMMaTa U MOHUTOPUHIA yAbTPadUONETOBOrO N3nydeHusa. [2]

ATmocdepa 3emnn, HauymMHaa OT MOBEPXHOCTWU, OAENUTCA Ha HECKONbKO CNOEB, MAYLIMX
BBEpX: Tponocdepa, cTpatochepa, mesocdhepa, Tepmocdepa (MoHochepa) n ak3ocdhepa. Cambim
HUXKHUM 1 BamKaiwmnm K 3emne cnoem anaetca Tponocdepa. Tponochepa coaeput bonee 80%
MaccCbl aTMOCHepbl, U UMEHHO B 3TOM C/10€ NPOUCXOAAT BCE NOrOAHbIE ABNEHMA, TaKNe KaK BETeP,
obpasoBaHMe 061aK0B, OCAZKM M Apyrie MeTeopoiornyeckme npoueccol. C yBeanyeHmem BbICOTbl
TemnepaTypa W AaB/eHne B Tponochepe ymeHbluatoTca. TonwmHa Tponocdepsbl BapbupyeTca B
3aBMCMMOCTU OT reorpaduyeckoro NoNOKeHMA: B yMepPeHHbIX WNPOoTax oHa cocTtasnaeT 10-11 Km,
Ha aKBaTope — 17-18 KM, a Ha nosatocax — 8-9 Km.

Wccneayembin amokens asota (NOz) — 3TO KOPUYHEBO-KENTbIN a3, NPUCYTCTBYIOWMA B
BO34yxe. JTOT ra3 obpasyeTcA B OCHOBHOM B pe3y/bTaTe MNPOLECCOB TOPEHMA W MOXKeT
NPeACTaBAATb CEPbE3HYIO Yrpo3y ANA 340p0BbA HYenoseka. NO, COCTOUT M3 ABYX aTOMOB a30Ta U
[BYX aTOMOB KMcnopoZa. bonee BbICOKana CTabUAbHOCTb STOrO rasa Npw BbICOKMX TeMnepaTypax
CNocoBCTBYET €ro pacnpocTpaHeHuto B aTmocoepe.
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OcHoBHble UCTOYHMKM NO, MOryT 6bITb KaK NPUPOAHbIMM, TaK M AHTPOMOreHHbIMM
(BO3HMKAOWMMM B pe3ynibTaTe AeATeNbHOCTM YenoBeka). K npupoaHbiM MCTOYHMKAM OTHOCATCS
N3BEPIKEHMNA BY/IKAHOB.

OCHOBHbIM UCTOYHMKOM NO, cYnTaeTCa AeATEeNbHOCTb YeN0BEKA, B HaCTHOCTM, NPOLLECChI
ropeHusa, npoucxoaalime npu pabote TeNn0BbIX ABMraTenemn, Ha TENIOBbIX 3NEKTPOCTAHUMAX U
NPOMbIWNEHHbIX OOBbEKTaX.

BosaeicTeme AMOKCMAQ a30Ta Ha 340POBbe YeN0BEKA MOMKET MPOABAATLCA B LUMPOKOM
cnektpe. Hanbonee yA3BMMbIMW OpraHamm ABAAeTCA AblxaTenbHas cuctema. NO moxKeT
BbI3bIBATb pPa3AparkeHne AbixaTeNbHbIX NyTer, 601b B ropse, Kalenb 1 3aTpyaHeHHOe AbixaHue. B
bonee cepbesHbIX CAy4adx OH MOXKET MPMBECTM K TakMM 3aboneBaHMAM, Kak OPOHXUT w
nHeBMmoHMA. [na ntoaen, ctpagatowmx actmon, NO, MOMKET CnpoBOLMPOBaTb 0OOCTpeHMue
3abonesaHuns. Kpome 1oro, NO, MOXKET HEraTUBHO BAMATb Ha CEPAEYHO-COCYAUCTYIO CUCTEMY,
YyBENYMBAA PUCK CepaeyHbix 3aboneBaHuit U nHbapKTa Mmmokapaa. AnvtensHoe BO34ENCTBUE
NO, TakKe MOXKeT 0CN1abnTb UMMYHHYIO CUCTEMY.

KenbbaakapCcknii paioH pacrnonoXeH B TropHoOM mecTHocTM AsepbaiarkaHa U Obin
0CBODOOXKAEH NOCNe ANUTENBHOM OKKyNaumu. B nepmnoa oKKynauum CyLecTBOBaaM ONaceHMA no
NOBOAY YXYALWEHWA 3KONOTMYECKOM CUTyalMM B PETMOHE, B TOM YMC/e 3arpasHeHma aTmocdepsl.
Moatomy nccnenosaHue yposHen NO, B TponochepHom cnoe Ha Tepputopmn Kenbbaarkapckoro
PaloHa Ha OCHOBE CMYTHMKOBbIX AaHHbIX MMeeT ocoboe 3HayeHue. [3-5]

OCHOBHbI€e Lenu AaHHOIo NCCNeL0BaHMA 3aKA0HAOTCA B CAeAYIOLLEM:

OueHKa Tekyuwel cutyaummn: Co3ganHne KapTbl KoHUeHTpauun NO> Hag Kenbbaarkapckum
PaOHOM Ha OCHOBE J@aHHbIX, MOJYYeHHbIX C MOMOLbo Npubopa TROPOMI cnyTHUKa Sentinel-5P,
M OLLeHKA TeKyLLen CUTyaumm.

AHanNn3 M3MeHeHuin BO BpeMeHu: AHaNn3 nameHeHun KoHueHTpauum NO, BO BpeMeHu ¢
MCNO/Ib30BAaHMEM CMYTHUKOBbIX AAHHbIX.

Bknaa B dopMmMpOBaHME IKONOTMYECKOM NOAUTUKI: Pe3yabTaTbl MCCNeA0BaHMNA NOCAYKAT
OCHOBOW AnA GOpPMMPOBaHUA IPPEKTUBHOM ISKONOTMYECKOM MOAUTUKM, HaMNpaBAEHHOM Ha
yAyULIEHWE Ka4yecTBa BO3yxXa U 3alLMTy OKpYy:Katowen cpeabl B Kenbbaaapckom paioHe.

MeToLonorna uccnefoBaHuna. B naHHOM nccnenosaHmm 6yayT MCNOAb30BaTbCA AaHHbIE O
NO,, nonydeHHble ¢ nomoupto npubopa TROPOMI cnyTHuka Sentinel-5P. 3Tn gaHHble byayT
06paboTaHbl C MOMOLLbIO COOTBETCTBYIOLLErO NMPOrpaMmHOro obecnevyeHma Ana co3gaHua KapT
KoHueHTpauum NO, Ha Tepputopumn Kenbbaarkapckoro paoHa. B pamkax nccnegoBaHus 6bian
NpeAnpuHATLI Cheaytowme Wwarm:

Cbop 1 NoaroToBKa AaHHbIX: CHop AaHHbIX 0 NO, 3a onpeaeneHHbii nepmog, (2023 n 2025
rofpl) Hag TeppuTopmrein Kenbbaakapckoro paimoHa, noayYeHHbIX ¢ MomoLLbio nprubopa TROPOMI
cnyTHWKa Sentinel-5P. Mpumep pacnpoctpaHerHna NO, npeactasneH Ha Puc.1

TponocepHasn konoHHa Sentinel-5P Ne2: 3—16 Hosbpsa 2025 .
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B AaHHOWM cTaTbe NpeacTaBaeHbl pe3ynbTaTbl MCCAEA0BAHNA PACNPOCTPAHEHMA AMOKCMAA
aszota (NOz) Ha TepputopuM KenbbaarKapCcKoro pamoHa C WMCNOJIb30BaHMEM CMYTHUKOBBIX
CHMMKOB. s nccnenoBaHunsa Obln MCNOAb30BaHbI ABa CHUMKA CO CNyTHMKa Sentinel-5p:

1. SS5P_OFFL_L2NO2__20231105T085756_20231105T103926_31411 03_020500_2
0231107T133251;

2. SS5P_NRTI_L2NO2_ 20251124T104435_20251124T104935_42052_03_020800_2
0251124T124921

3TN CNYTHMKOBbIE CHMMKM CneupnanbHo paspaboTaHbl ANA onpeaeneHna KOHLEeHTpaumm
AMoKkenaa asota B atmocdepe. Sentinel-5p, sBasAack 4YacTblo  nporpammbel  Copernicus,
NpeAoCTaBAAET BaXKHbIe AaHHble A1A MOHUTOPWHIA COCTaBa atMocdepb.

MonyyYeHHble CMNYTHMKOBbIE CHMMKM NPOWAW NpeaBapuTenbHyto 06paboTKy ¢ MOMOLLbHO
nporpammHoro obecneuyenuns SNAP (Sentinel Application Platform), wnpoko mcnonsayemoro B
obnacTn reonHdopmaLmMoHHbIX cucTem (MTMC). IToT npouecc 06paboTKM HanpaB/IeH Ha yydlleHne
KayecTBa CHWMMKOB, MpWBEAEHWE WCXOAHbIX [AAHHbIX B COOTBETCTBME C OMpeaesieHHbIMU
CTaH4APTamMM 1 NOATOTOBKY UX ANA UCCAe0BaHUA.

Mocne npeasapuTenbHOM 06paboTKM NoNyYeHHble pe3ynbTaTbl bl KNacCuPULMPOBaHDI
B nporpammHom obecneveHunn ArcGIS. Knaccudukauma npoBoamnack AN onpeaeneHua
PA3/IMYHbIX YPOBHEM KOHUEHTPALUMM AMOKCMAQ a30Ta M UX BM3YasIbHOTO pasnnyeHuda. IToT
npouecc, NpeacTaBAAd Pa3NMYHble AMANA30HbI KOHLEHTpauui onpeaeneHHbIMKU  LBETamMU,
MOMOraeT NOHATb, KaK AMOKCKA, a30Ta PAacnpoCTPaHAETCA N0 PaNOHY.

Ha ocHOBe NOAyYeHHbIX pPe3ynbTaToB KaaccMdukaumm Oblinv  COCTaBAEHbl  KapThbl,
OTparkatoLLmMe pacnpocTpaHeHne AMOKCHAA a30Ta B Pa3IMYHbIX YacTAX Kenbbaarkapckoro paoHa.
OTU KapTbl NpeacTasaeHbl Ha PucyHke 2.
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Puc.2. KoHUeHTpauua AMoKcMaa a3oTta B paioHe Kenbbaaxapa B pasHblie rofbl, MOb/m?

OTM KapTbl BM3yasbHO NPeACTaBAAOT pacnpeaeneHne KOHUEHTPaUMM AMOKCMAA a30Ta B
Pa3/IMyHbIX YacTax Kenbbaaxapckoro parloHa. B xode aHanm3a Obl1o OTMEYeHO, 4TO B
onpeaeneHHbIX paoHax YPOBHW AMOKCMAA a30Ta BbllE, YEM B APYrUX. DTN PA3NUUMA MOTyT BbiTb
CBA3aHbl C reorpadmyeckMmm ocobeHHOCTAMU pPaloHa, NPOMbILIEHHON AEeATENbHOCTbIO UAU
APYTUMM UCTOYHMKAMM 3arpAsHeHna aTmocdhepsl.

OueHKa KONMYeCTBEHHOro COAEPKAHMA KapT, NPeACTaBAeHHbIX Ha PUCYHKe 2, OTpayKeHa
Ha pUCyHKe 3.
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Puc.3. KonnyectBeHHas oLeHKa KOHLEHTpaLmMa AMOKCKAa a30Ta B paoHe KenbbaaxKapa
B pa3Hble rofbl, Mob/Mm?

Ha ocHOBe OLeHKM, NpeACTaBNeHHOM Ha PUCYHKe 3, NocTpoeH rpadumK, KOTOPbI NOKa3aH
Ha pUCyHKe 4.
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Puc.4. TpadunK KONMYECTBEHHOMN OLIEHKM KOHLIEHTPaLUMA ANOKCKUAA a30Ta B paloHe
Kenbbaaskapa B pasHble rofbl, Mo/ib/m?

Ha ocHOBaHMM NONYYEHHbIX Pe3yNbTaTOB MOMKHO CKa3aTb, YTO B Kenbbaarkapckom paioHe
B Hosibpe 2025 roga no cpasHeHutoo ¢ 2023 rogom Hab/to4anoch CHUMKEHME KOHLEeHTPauuu
AMOKcnaa a3oTa B TponocdepHom cnioe. B 2023 roay OCHOBHas 4aCTb TEPPUTOPUM
Kenbbagskapckoro palioHa coctasuna o 1,1E-05 mon/m? n 1,9E-05 mon/m? Bbiwwe, a 8 2025 roay
-1,3-1,4E-05 mon/m2.
MonyyeHHble [AaHHble CBMAETENbCTBYHOT O [AWMHAMMKE KOHLUEHTpauMmM AMOKCMAa a30Ta B
TponocdepHom cnoe KenbbaarKapckoro panoHa 3a uccneayembii nepmod. CHUKeHue cpeaHero
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ypoBHA NO, ¢ 2023 no 2025 roa, XoTa U He3HaYUTeIbHOE, MOXET DbiTb MHTEPNPETUPOBAHO KaK
NONOXUTENbHAA TEHAEHUMA. ITO MOMKeT OblTb CBSA3@aHO C KOMMAEKCOM (aKTOPOB, BK/tOYas
BO3MOXHble MEPbI MO CHUKEHMIO BbIDPOCOB, M3MEHEHWSA B MPOMbILLIEHHbIX MPOLECCaX UK AaxKe
ecTecTBeHHble aTmochepHble npouecchl. OgHaKo, BaXKHO OTMETUTb, YTO Habtogaemble 3HaYEHMS,
ocobeHHo B 2023 roay, 4OCTUranmM 4OCTaTOYHO BbICOKMX Nokasateneit (oo 1,1E-05 mon/m? n 1,9E-
05 mon/m?), yto TpebyeT AasbHeNEero BHUMaHMA.
CpaBHeHMe [JaHHbIX 33 [ABa rofa MO3BOAET BbISBUTb JIOKa/bHble O4Yark MOBbILEHHOM
KoHUeHTpaunm NO,. AHanu3 reorpadmyeckoro pacnpegeneHuns Ha kaptax (Puc. 2) nokasbisaer,
4yTO Hambonee Bbicokne ypoBHN NO, B 2023 roay 6b1m 3adUKCMpPOoBaHbl B ONpeaesieHHbIX 30HaXx,
KOTOpble MOryT HbITb CBA3aHbI C TPAHCMOPTHLIMM MArMcTPanAMM, NPOMbILLAEHHBIMW 0BbeKTaMK
UAN OPYTUMU MCTOYHMKAMKM aHTponoreHHoro Bosdenctama. B 2025 roay, HecmoTpa Ha obliee
CHUXXEHME, HEKOTOPbIE M3 3TUX 30H COXPAHMAM MOBbIWEHHbIE MOKa3aTeNM, YTO YKa3blBaeT Ha
HeobxoamMmocTb 6o/ee AeTaNbHOIO U3yYeHMA X CNeLUPUKK.
KonnyectBeHHan oueHka (Puc. 3 1 4) HarnaaHO AEMOHCTPUPYET M3MEHEHUE CPeAHEro ypoBHS
NO,. paduk (Puc. 4) no3BonaeT HarAsAHO MPOCAeAUTb 3Ty TEHAEHUMIO M OLEHUTb MacliTab
CHUMEHMA. BaKHO NOAYEPKHYTb, YTO JaKe Npu CHMXKeHMn, yposHM NO, B HEKOTOPbIX pamoHax
OCTalOTCA Ha YPOBHE, KOTOPbIA MOMXEeT OKa3blBaTb HeraTMBHOE BO34eNCTBME Ha 3[0PpOBbe
Yye/qI0BEKA M OKpYrKatoLLyto cpeay. [6-9]

3akntouyeHue. VccnenoBaHue AMOKCMA@ a30Ta B TPOMOChHEPHOM Cnoe Ha TeppuTopum
KenbbaaKapCcKoro paloHa Ha OCHOBE CMYTHMKOBbLIX [@HHbIX MMEET OrpOMHOEe 3HayeHue ANs
OLEHKM 3KONOTMYECKOro COCTOSHMA perMoHa M GopMMpPOBaHMA CTpaTerMit  JanbHenllero
pa3BMTUA. Mcnonb3oBaHMe MNepefioBbiX TEXHONOTMM, TaKkux Kak Sentinel-5P, oTKkpbiBaeT
YHUKaNbHble BO3MOXHOCTM ANA MOHMMaHWA MacliTaboB M MCTOYHMKOB 3arpa3HeHns aTmocdepsbl.
Pe3ynbTaTbl AA@aHHOIO MUCCeA0BaHMA MNOCAYXKAT Hay4HOM OCHOBOW /1A LLAroB, HaMpaB/AeHHbIX Ha
obecneyeHme ycTon4mBoro passnTma B KenbbaakapCcKom paroHe, 3alimMTy 310p0BbA HaceneHumA
M OXpaHy OKpyKatolwen cpeapl. IKONOrMYecKoe BOCCTAHOB/AEHME 3TOM OCBOOOXKAEHHOM
TEPPUTOPUM U CO3AaHME 3[10POBOM cpedbl ANA OyAyLUIMX NOKONEHWI AONKHbI CTaTb OAHUM K3
NPUOPUTETHBIX HanpaBAeHUI NOAOOHbIX MCCNeN0BaAHMIA.
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Abstract

Combination therapy remains one of the most promising strategies in oncology due to its potential
to increase therapeutic selectivity while minimizing toxicity to healthy cells. In this study, novel
multicomponent formulations containing gemcitabine, potassium citrate, magnesium chloride,
zinc oxide (ZnO) nanoparticles, and dimethyl sulfoxide (DMSQO) were evaluated for synergistic
cytotoxicity against A549 non-small cell lung cancer (NSCLC) cells compared to normal human
dermal fibroblasts (NHDF). A total of twelve formulations (eight full combinations and four
nanoparticle-only controls) were prepared and evaluated using the MTT assay. Selectivity indices
were calculated from experimentally determined LCso values, and synergy coefficients were
derived to quantify interactions between components. The results demonstrate that mixtures
containing gemcitabine, ionic modifiers, and ZnO nanoparticles produce a pronounced non-linear
increase in selectivity, with synergy peaks occurring at intermediate nanoparticle concentrations.
Nanoparticle-only controls displayed minimal selectivity enhancement, indicating that synergistic
activity originates from multi-component interactions. These findings support the potential use of
multicomponent formulations as selective anticancer agents and highlight the importance of
evaluating synergistic relationships during early-stage therapeutic development.

Keywords: non-small cell lung cancer, combination therapy, synergistic toxicity, selectivity index,
zinc oxide nanoparticles, gemcitabine.

Introduction

Background on Lung Cancer and the Need for Enhanced Therapeutic Strategies

Lung cancer remains one of the most prevalent and lethal malignancies worldwide, accounting for
a substantial proportion of cancer-associated morbidity and mortality. Non-small cell lung cancer
(NSCLC) comprises approximately 80-85% of all lung cancer diagnoses and represents an
exceptionally heterogeneous group of tumors distinguished by histological subtypes, molecular
alterations, and variable patterns of drug responsiveness (Herbst et al., 2018). Despite advances
in targeted therapy, immunotherapy, and precision oncology, NSCLC continues to pose
therapeutic challenges due to its high propensity for metastatic progression, intrinsic and acquired
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drug resistance, and the limited therapeutic window associated with classical cytotoxic agents
(Planchard et al., 2018). Mortality rates remain significant, particularly in patients diagnosed at
advanced stages, where five-year survival often falls below 20% (Siegel et al., 2023).
Conventional chemotherapy, especially gemcitabine-based regimens, has long served as a
backbone of NSCLC treatment. Gemcitabine, a deoxycytidine analog, exhibits anticancer activity
by inducing DNA chain termination and inhibiting ribonucleotide reductase, ultimately disrupting
DNA synthesis and promoting apoptosis (Mini et al., 2006). While gemcitabine is widely
implemented in various combination regimens, its efficacy is frequently limited by systemic
toxicity, rapid metabolic deactivation, and insufficient selectivity for malignant over normal tissues
(Longley et al., 2003). Improving the therapeutic index of gemcitabine therefore remains a critical
objective in the development of combination therapies for NSCLC.

The rationale for combination therapy in oncology is grounded in the understanding that cancer
is inherently multifactorial, characterized by deregulated signaling networks, metabolic
reprogramming, oxidative imbalance, and interactions with the tumor microenvironment
(Hanahan, 2022). Therapeutic combinations may exploit vulnerabilities in cancer cells by
simultaneously targeting multiple pathways essential for tumor survival, enhancing cytotoxic
effects while minimizing the risk of drug resistance. Synergistic combinations offer an additional
advantage by allowing lower individual component doses, thereby reducing treatment-associated
toxicity. Notably, various inorganic salts, trace-element formulations, and nanoparticles have
emerged as promising adjuncts capable of modulating cellular redox responses, influencing ion
homeostasis, or facilitating drug uptake (Srinivas et al., 2021; Khan et al., 2020).

A growing body of research supports the concept that nanoparticles—particularly metal and metal
oxide nanostructures—may potentiate the activity of chemotherapeutic agents through
mechanisms such as enhanced cellular internalization, generation of reactive oxygen species
(ROS), and modulation of mitochondrial or lysosomal integrity (Wang et al., 2019). Zinc oxide (ZnO)
nanoparticles, in particular, have demonstrated selective cytotoxicity toward cancer cells due to
their ability to induce oxidative stress and interfere with cellular ionic balance, while generally
displaying moderate toxicity toward normal tissues (Premanathan et al., 2011).

This scientific landscape emphasizes the continued need to explore multicomponent formulations
that integrate conventional chemotherapeutic agents with ionic modifiers and nanoparticles to
achieve improved selectivity and synergistic anticancer effects.

Multifactorial Nature of NSCLC and Implications for Treatment Design

The complexity of NSCLC arises from extensive genetic and epigenetic heterogeneity, intratumoral
diversity, and dynamic interactions with stromal and immune components. Mutations in EGFR,
KRAS, ALK rearrangements, TP53 abnormalities, and alterations in pathways such as PI3K/AKT,
MAPK, and MET contribute to diverse biological behaviors and variable sensitivities to therapy
(Jordan et al, 2017). This molecular diversity underscores the necessity of combination
treatments, as monotherapies often fail to exert sufficient pressure across multiple oncogenic
axes. Even targeted therapies, which have revolutionized management in molecularly defined
subgroups, eventually encounter resistance mechanisms such as secondary mutations, pathway
bypass activation, or phenotypic transformation (Rotow and Bivona, 2017).

Tumor microenvironment (TME) factors also contribute significantly to therapeutic outcomes.
Cancer-associated fibroblasts, tumor-associated macrophages, immune-suppressive cytokines,
and hypoxic gradients collectively shape drug penetration, cellular metabolism, and survival
pathways (Quail and Joyce, 2017). For instance, hypoxia-induced stabilization of HIF-1a promotes
angiogenesis, metabolic reprogramming, and resistance to apoptosis—conditions that reduce
cytotoxic drug efficacy. ROS-mediated signaling, ion transport dysregulation, and altered
membrane potential in malignant cells further differentiate them from normal cells, providing
opportunities for selective therapeutic targeting.
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Research increasingly supports the idea that disrupting ionic balance—especially through
modulation of potassium, sodium, and magnesium transport—can impair cancer cell viability
(Fukushi et al., 2021). lonic modifiers may influence mitochondrial membrane potential, affect
intracellular pH, or enhance susceptibility to ROS, thereby synergizing with chemotherapeutic
agents. Furthermore, DMSO, commonly used as a solvent and membrane-permeabilizing agent,
has been shown to alter drug transport, modify protein conformation, and influence oxidative
stress responses (Notman et al.,, 2006). Although not a therapeutic entity itself, DMSO can
enhance drug penetration and cellular uptake, potentially facilitating synergistic interactions in
multicomponent mixtures.

Nanoparticles represent another promising class of agents for integration into combination
treatments. Metal oxide nanoparticles, including zinc oxide, iron oxide, cerium oxide, and copper
oxide structures, have been extensively studied for their selective toxicity and ability to modulate
intracellular ROS levels (Rasmussen et al., 2010). ZnO nanoparticles, in particular, release zinc ions
under acidic conditions, generating oxidative stress preferentially in cancer cells. This pH-sensitive
dissolution behavior offers selectivity advantages, given that the tumor microenvironment is
typically more acidic than normal tissue (Valdiglesias et al., 2013).

Collectively, these biological characteristics underscore the necessity for therapeutic strategies
capable of simultaneously targeting multiple cellular vulnerabilities. Combining a traditional
chemotherapeutic agent such as gemcitabine with ionic modifiers, nanoparticles, and solubility-
enhancing agents may create synergistic interactions capable of increasing cancer cell
susceptibility while minimizing harm to healthy tissues. Evaluating these interactions through
carefully designed cytotoxicity studies remains a critical step in optimizing future combination
therapies for NSCLC.

Rationale for Investigating Synergy in Multicomponent Anticancer Formulations

Synergistic drug combinations provide advantages beyond simple additive effects. A synergistic
interaction occurs when the combined effect of agents exceeds the sum of their individual
contributions. This phenomenon is especially relevant in oncology, where minimizing toxicity to
normal cells is as crucial as maximizing tumor cell killing. Synergy can increase the therapeutic
window, enabling lower doses of cytotoxic drugs to achieve the same or greater anticancer effect
while reducing systemic side effects (Chou, 2010).

Cytotoxic drugs such as gemcitabine induce DNA damage, inhibit synthesis, and trigger apoptosis.
However, cancer cells often engage compensatory mechanisms such as enhanced DNA repair,
activation of checkpoint kinases, or metabolic reorganization to withstand chemotherapeutic
stress (Galluzzi et al., 2012). Incorporating agents that interfere with these survival adaptations
can create a biochemical environment in which malignant cells become more vulnerable to
chemotherapy.

Metal ions such as potassium, magnesium, or zinc may influence cancer physiology in several
ways. Magnesium ions play critical roles in ATP stabilization, kinase function, and DNA repair
enzyme activity. Modulating intracellular magnesium levels can disrupt metabolic pathways
essential for cell survival under genotoxic stress (Romani, 2011).

Rationale for Exploring Synergistic Interactions in Multicomponent Formulations

The therapeutic management of NSCLC frequently relies on combinations of different agents, not
simply to intensify cytotoxic pressure but to exploit complementary mechanisms that cancer cells
are ill-equipped to resist. Synergy has long been recognized as a cornerstone of effective
chemotherapy, particularly in tumors where compensatory pathways allow cells to recover quickly
from the impact of a single drug (Al-Lazikani et al., 2012). When two or more agents act together
in a manner that amplifies the overall biological effect, the result can permit lower doses of each
component while preserving or even increasing anticancer activity. This remains an appealing
strategy in NSCLC, where dose-limiting toxicities often hinder optimal treatment intensity.
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Gemcitabine is a familiar example of a drug whose performance can be improved through well-
structured combinations. Its incorporation into DNA disrupts replication, yet tumor cells
frequently adapt by increasing nucleotide salvage pathways or modifying apoptotic thresholds
(Mini et al., 2006). When gemcitabine is paired with compounds capable of altering ionic balance,
cellular pH, mitochondrial function, or oxidative homeostasis, these adaptive mechanisms may
become insufficient. This creates opportunities to direct cancer cells toward apoptosis more
efficiently than when gemcitabine is used alone.

The interest in metal salts and trace-element derivatives stems from their ability to influence
physiological parameters that differ sharply between malignant and normal cells. Several studies
have shown that disturbances in potassium and magnesium homeostasis affect key signaling
pathways, particularly those connected to mitochondrial activity and energy metabolism (Romani,
2011; Lang et al., 2010). Small fluctuations in these ions can heighten susceptibility to oxidative or
genotoxic stress. While these changes might be well tolerated in healthy cells, cancer cells—
already burdened by high metabolic demands—may be more likely to undergo apoptosis.
Among nanoparticle candidates, zinc oxide has drawn particular attention due to its behavior in
acidic microenvironments. Cancer cells and their surroundings are typically more acidic because
of altered metabolic patterns dominated by aerobic glycolysis. Under such conditions, ZnO
nanoparticles release zinc ions, which can act as pro-oxidants and destabilize cellular structures.
The literature describes this selective sensitivity as a promising feature that distinguishes ZnO from
other inorganic nanomaterials with less predictable biological activity (Premanathan et al., 2011).
In addition, the surface characteristics of nanoparticles often promote interactions with cellular
membranes, potentially increasing the uptake of co-administered molecules.

DMSO, though primarily known as a solvent, may subtly influence the passage of substances
through the plasma membrane. Its capacity to alter membrane fluidity and affect protein
conformation has been described in biophysical studies (Notman et al., 2006). While its effects are
mild, in the context of a multicomponent mixture, even modest increases in cellular permeability
could shift the balance between sub-therapeutic and therapeutically meaningful concentrations
of a drug.

The idea behind combining these components—chemotherapy, ionic modifiers, nanoparticles,
and DMSO—is not to rely on any single “miracle” agent but to shape a cellular environment in
which crucial survival mechanisms of NSCLC cells are simultaneously challenged. For such
combinations, empirical evaluation remains essential, as the relationships between components
may be additive, antagonistic, or synergistic. Determining these patterns in vitro helps to identify
formulations that warrant deeper investigation in preclinical models.

Cytotoxic Agents and the Challenge of Therapeutic Selectivity

One of the enduring obstacles in chemotherapy is the narrow divide between doses that eliminate
malignant cells and those that inflict intolerable damage on healthy tissues. Although many
modern regimens incorporate molecularly targeted drugs, classical cytotoxic agents such as
gemcitabine retain a central role, particularly in NSCLC cases where specific driver mutations are
absent or where resistance eventually undermines targeted therapies. The difficulty lies not only
in achieving adequate tumor cell elimination but in doing so while preserving acceptable quality
of life. This balancing act remains a challenge because tumor-specific vulnerabilities are often
subtle and can be masked by similarities in the fundamental biology of normal and malignant cells
(Longley et al., 2003).

The concept of selectivity—favoring the death of tumor over normal cells—has therefore become
a guiding principle in the development of new combinations. Selectivity depends partly on intrinsic
differences between cell types, such as variations in membrane composition, metabolic
requirements, and stress-handling capacity. Cancer cells generally operate under greater
metabolic strain, with elevated ROS levels and frequent mitochondrial dysfunction. These features
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render them more vulnerable to perturbations that normal cells may be capable of surviving
(Trachootham et al., 2009). Designing combinations that intensify pressure on these weak points
can shift the therapeutic balance toward malignant cell death.

Gemcitabine’s mechanism is well understood, but its shortcomings—including rapid inactivation
by cytidine deaminase and inefficient uptake in some cellular contexts—make it an imperfect
monotherapy (Mini et al., 2006). Attempts to improve its therapeutic index have ranged from
formulation improvements to pairing it with agents that alter metabolic or signaling pathways. For
example, studies have explored combining gemcitabine with compounds capable of altering
cellular redox status or suppressing DNA repair pathways, each aiming to heighten sensitivity to
DNA damage (Galluzzi et al., 2012). Not all such attempts succeed, as some combinations
inadvertently increase toxicity to normal tissue or fail to extend clinical benefit.

This is where certain inorganic salts and nanoparticles present intriguing possibilities, not because
they are cytotoxic in their own right at low concentrations, but because they exploit discrepancies
in how normal and cancerous cells regulate ions and oxidative stress. Potassium and magnesium
salts, for instance, can affect ion gradients, membrane potentials, and interactions with ATP-
dependent processes. Modest shifts in these parameters may disrupt cellular balance more
severely in cancer cells, which are already engaged in high levels of biosynthesis and proliferation
(Romani, 2011). Meanwhile, nanoparticles such as ZnO introduce additional stress in the form of
ROS generation and local ionic fluxes, particularly under acidic conditions typical of rapidly growing
tumors (Premanathan et al., 2011).

Importantly, selectivity is not merely a theoretical construct—it can be quantified directly through
cytotoxicity assays that compare LCso values between malignant and normal cell lines. Such
measurements provide a pragmatic way to assess whether a new formulation improves the
therapeutic window. Identifying combinations that demonstrate stronger effects on A549 cells
than on NHDF cells is a meaningful step toward compositions that may, after further evaluation,
be suitable for translational research.
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Figure 1. Conceptual overview of the therapeutic rationale behind multicomponent formulations
for NSCLC.

This figure illustrates the key challenges associated with non-small cell lung cancer (NSCLC)—
including drug resistance and elevated oxidative stress—and introduces the rationale for using a
multicomponent combination therapy. The schematic highlights the integration of gemcitabine,
ionic modifiers (such as potassium and magnesium salts), and zinc oxide (ZnO) nanoparticles.
Together, these components target multiple cancer-specific vulnerabilities: gemcitabine disrupts
DNA synthesis, ionic modifiers influence ion homeostasis and metabolic balance, and ZnO
nanoparticles induce oxidative stress and enhance intracellular disruption. When combined, these
mechanisms generate synergistic and selective cytotoxicity toward cancer cells, creating a more
effective therapeutic strategy compared to single-agent treatments.

Roles of lonic Components in Modulating Cancer Cell Vulnerabilities

A growing body of work suggests that ionic homeostasis plays a more prominent role in cancer
cell survival than once assumed. While early oncology research focused primarily on genetic
mutations and proliferative pathways, more recent studies have highlighted how cancer cells rely
on finely tuned ionic conditions to maintain their altered metabolism and biosynthetic rate.
Disturbances in extracellular or intracellular concentrations of potassium, magnesium, or sodium
may produce significant downstream consequences that selectively impair malignant cells.
Potassium ions, for example, are closely tied to membrane polarization and apoptotic signaling.
Reductions in intracellular potassium have been associated with caspase activation, suggesting
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that potassium efflux can serve as a permissive step for apoptosis (Bortner and Cidlowski, 2014).
Cancer cells, which often maintain depolarized membranes and altered ion channel profiles, may
be more sensitive to disruptions in potassium regulation than normal fibroblasts. Compounds that
influence potassium gradients, even indirectly, could therefore strengthen the apoptotic effects
of a DNA-damaging drug like gemcitabine.

Magnesium is another element with fundamental cellular roles, particularly as a cofactor for
enzymes involved in replication, transcription, and repair. Given its involvement in ATP binding
and stability of nucleic acids, fluctuations in magnesium availability can interfere with DNA repair
and polymerase function (Romani, 2011). When a chemotherapeutic agent induces DNA lesions,
impaired repair capacity can tip the balance toward apoptosis. This may partly explain why
magnesium-modifying treatments have been investigated for their potential to sensitize cancer
cells to cytotoxic agents.

The interplay between ionic shifts and oxidative stress is also noteworthy. Metal ions can influence
the production or scavenging of reactive oxygen species, which are already elevated in many
malignancies. When oxidative pressure rises beyond what cancer cells can compensate for,
mitochondrial dysfunction and cell death often follow (Trachootham et al., 2009). This provides a
mechanistic basis for combining gemcitabine, which increases oxidative stress through
mitochondrial pathways, with salts that affect redox balance.

In parallel with these ionic considerations, formulation components such as DMSO may further
influence cellular responses. Although its primary function in laboratory practice is as a solvent,
DMSO has been found to subtly affect membrane order and permeability. These effects are not
typically strong enough to be therapeutic individually, but in combination they may facilitate the
entry of molecules or ions that otherwise penetrate cells less efficiently (Notman et al., 2006). The
cumulative result of adjusted ion balance, enhanced permeability, and mitochondrial stress can
produce a cellular environment that heightens sensitivity to chemotherapy.

Taken together, these mechanistic insights underscore the importance of considering ionic and
physicochemical components in the design of combination therapies. Rather than functioning as
isolated agents, such components may contribute to a coordinated shift in cellular homeostasis
that selectively disadvantages cancer cells.

Nanoparticles as Modulators of Cancer Cell Stress Responses

Nanoparticles have steadily gained attention for their potential utility in oncology, not solely as
drug carriers but as active participants in shaping cellular responses. Metal oxide nanoparticles,
including zinc oxide, represent one of the better understood categories in terms of biological
activity. Their growing prominence is due in part to their relatively predictable behavior in
biological systems and their ability to interact with cancer cells through multiple pathways.

Zn0O nanoparticles have attracted particular interest because of their ability to generate ROS and
release zinc ions under acidic conditions. The acidic extracellular environment often found around
solid tumors is produced by glycolytic metabolism, meaning nanoparticles may behave differently
in malignant and normal tissues (Wang et al., 2019). As ZnO breaks down, the resulting zinc ions
can interfere with enzymatic processes, disrupt protein structures, and contribute further to
oxidative stress—an especially potent combination for cells already under metabolic strain. This
pH-sensitive dissolution provides a level of conditional selectivity that is uncommon among
simpler chemical agents.

The ROS generated through ZnO interactions have downstream impacts on cellular signaling and
viability. Excessive ROS levels can damage lipids, proteins, and DNA, pushing cells past their
capacity to maintain homeostasis. Because cancer cells typically maintain higher baseline ROS
levels than normal cells, they operate closer to the threshold of oxidative collapse. This makes
them disproportionately vulnerable to agents that increase ROS (Trachootham et al., 2009). ZnO
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nanoparticles, therefore, function not just as cytotoxic particles but as amplifiers of oxidative
tension.

Beyond these well-characterized effects, nanoparticles have the capacity to influence cellular
uptake of accompanying drugs. The surface charge and morphology of ZnO nanoparticles may
promote adhesion to cell membranes, potentially facilitating endocytosis or transient
permeabilization. Although the magnitude of this effect varies across studies, it offers a plausible
explanation for the enhanced efficacy observed when nanoparticles are included in
multicomponent formulations (Rasmussen et al., 2010).

Some studies also suggest that nanoparticle exposure may trigger shifts in lysosomal stability or
mitochondrial function, both of which are closely linked to apoptotic pathways (Khan et al., 2020).
These localized disruptions can sensitize cells to chemotherapeutic agents that rely on
mitochondrial pathways for execution of apoptosis. When the nanoparticles act in conjunction
with drugs that induce mitochondrial depolarization or DNA damage, the combined effect can
surpass the expected additive outcome.

Nevertheless, nanoparticles are not universally beneficial. Their effects are strongly influenced by
concentration, size, and dispersity. At very high concentrations, even ZnO may lose selectivity and
produce toxicity in normal cells. The goal, therefore, is to identify combinations in which
nanoparticles contribute meaningfully to cancer-selective stress without overwhelming
physiological defenses in healthy tissues. Cytotoxicity assays comparing A549 and NHDF cells
provide a direct way to map this delicate balance and identify mixtures that merit further
investigation.

Significance of Multicomponent Systems in Early-Phase Drug Development

Multicomponent systems have gained increasing traction as a strategy for improving therapeutic
outcomes. Unlike classical dual-drug combinations, these systems incorporate several elements—
chemotherapeutics, ions, nanoparticles, and excipients—that each contribute in modest but
meaningful ways to the final biological effect. Their advantage lies in the ability to influence
multiple aspects of cell physiology simultaneously, often achieving results that are not attainable
through single or dual-agent approaches.

In early-phase development, simple in vitro models remain indispensable, as they allow
researchers to evaluate numerous combinations without immediately committing to resource-
intensive in vivo studies. These preliminary assessments help identify trends in selectivity,
cytotoxicity, and potential synergy. In particular, comparing LCso values across malignant and non-
malignant cell lines can reveal which compositions enhance the therapeutic window, a
consideration that often dictates whether further exploration is justified.

Although multicomponent formulations may seem complex, their design is guided by clear
principles. Chemotherapeutic agents provide the primary tumoricidal effect. lonic modifiers adjust
the biochemical environment. Nanoparticles increase oxidative pressure or influence cellular
uptake. Solvents such as DMSO improve solubility and membrane interactions. When these
elements are balanced correctly, the resulting mixture may expose vulnerabilities that are less
apparent when these agents are used separately.

There is historical precedent for this type of approach. Many successful chemotherapeutic
regimens—including those for hematologic cancers—originated from empirical testing of multiple
agents with partially overlapping mechanisms (Chabner and Roberts, 2005). Although the
molecular rationale was often unclear at the time, clinical successes validated the concept.
Contemporary drug development benefits from far greater mechanistic insight, yet empirical
evaluation remains essential, particularly when dealing with materials such as nanoparticles,
whose biological effects are inherently multifaceted.

The challenge is to distinguish genuinely synergistic interactions from mere additive effects or, in
some cases, antagonistic ones. Some components may neutralize each other’s activity, as has
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been reported with certain metal ions that interfere with drug binding or cellular distribution
(Gonzalez et al., 2023). Empirical testing is therefore indispensable. Only through systematic
evaluation can promising combinations be separated from those unlikely to provide therapeutic
value.

The overarching motivation for exploring such systems is the persistent demand for improved
therapies in NSCLC. While targeted therapies and immunotherapies have transformed outcomes
for certain patient populations, many individuals either lack actionable mutations or eventually
develop resistance. For them, chemotherapeutic backbones remain essential, and improvements
in selectivity or efficacy can have genuine clinical relevance. Multicomponent formulations
represent one avenue by which these improvements may be achieved.

Selectivity as a Guiding Metric in Formulation Assessment

Selectivity provides a practical means of evaluating whether a mixture holds therapeutic promise.
Instead of examining absolute cytotoxicity alone, selectivity compares how strongly a composition
affects malignant cells relative to normal ones. This comparative approach is particularly
important for formulations that include several components, each exerting moderate effects. A
mixture that is highly toxic to A549 cells but only mildly toxic to NHDF cells would be considered
promising, even if the absolute LCso values differ modestly from known chemotherapeutic
standards.

This metric helps avoid false leads that arise from formulations appearing potent but lacking
discrimination. If both malignant and normal cells are similarly affected, any apparent cytotoxicity
may be overshadowed by unacceptable toxicity in vivo. The literature consistently emphasizes that
therapeutic window, not maximum potency, ultimately determines clinical usefulness (O’Connor
et al., 2018).

Selectivity indices derived from LCso ratios offer a straightforward way to quantify this distinction.
An index greater than one indicates preferential toxicity toward cancer cells. Higher values suggest
the presence of mechanisms that disproportionately impair malignant cell viability. When
evaluating mixtures that include nanoparticles or ionic agents, this ratio becomes particularly
informative, as these components may exert subtle, context-dependent effects undescribed by
conventional cytotoxic measurements.

It is also essential to consider how the contribution of each component changes with
concentration. Certain nanoparticles, for example, may improve selectivity up to a threshold,
beyond which they begin to harm normal cells more than they aid in killing malignant ones.
Determining the concentration at which selectivity peaks is therefore valuable, as it provides
guidance for constructing mixtures with an optimal therapeutic profile.

In the context of NSCLC, where treatment often involves balancing aggressive tumor control
against preservation of lung function, the importance of selectivity cannot be overstated. In vitro
selectivity assessments are not a perfect surrogate for clinical safety, but they provide early
evidence of whether a formulation is heading in the right direction. As such, they play a crucial
role in shaping the direction of experimental efforts.

Selectivity is not only a measure of performance but also a clue to underlying biological
interactions. A formulation that demonstrates unusually high selectivity may be exploiting a
vulnerability unique to the cancer cell line, such as a dependence on altered metabolic pathways
or heightened oxidative tension. Understanding these aspects helps inform subsequent
mechanistic studies and may reveal opportunities to generalize findings to other tumor types or
combination settings.

The Importance of Synergy Coefficients in Interpreting Combination Effects

While selectivity provides an overall measure of therapeutic potential, synergy coefficients help
distinguish whether enhanced effects arise from genuine interaction between components or
from simple additivity. This distinction is important because only synergistic relationships offer the
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possibility of reducing drug doses while maintaining or improving efficacy. Additive effects,
although sometimes useful, do not fundamentally change the therapeutic landscape. Antagonistic
interactions, on the other hand, can diminish the value of otherwise effective agents.

In vitro synergy assessment often begins with comparing observed cytotoxicity to the expected
sum of individual effects. Formulations that significantly exceed this expected value may be
considered synergistic. Synergy is especially desirable when one agent acts by destabilizing a
cellular environment in a way that amplifies another agent’s action. For example, if ionic modifiers
weaken cancer cells’ oxidative defenses, they may increase susceptibility to chemotherapeutic-
induced DNA damage.

Several well-established biochemical phenomena support the plausibility of synergy in
multicomponent systems. The relationship between ROS and apoptosis is one such area. ROS can
sensitize cells to DNA damage by interfering with repair mechanisms and promoting mitochondrial
dysfunction. When an agent like gemcitabine triggers genotoxic stress, the presence of
nanoparticles capable of generating ROS can compound the damage and make recovery more
difficult (Trachootham et al., 2009). Meanwhile, ionic disturbances may further impair ATP-
dependent repair enzymes, compounding the effect.

Discerning these relationships empirically is necessary because not all combinations behave as
predicted. Certain metal ions may sequester compounds or alter their chemical states, diminishing
their bioavailability. Similarly, nanoparticles may agglomerate in specific formulations, reducing
effective surface area and altering biological activity. For this reason, synergy measurements offer
direct insight into whether a particular mixture behaves as intended or whether more refined
formulation adjustments are needed.

In early-stage research, synergy coefficients also help prioritize which mixtures merit mechanistic
exploration. A formulation that shows strong synergy may encourage further study of its
intracellular actions, identifying which pathways are being simultaneously pressured. Such insights
may reveal generalizable strategies for future drug development or clarify which components are
essential to maintain synergy.

Ultimately, synergy analysis helps guide rational optimization. It enables researchers to determine
whether effects observed in vitro represent meaningful biological interactions rather than
coincidental overlap. This distinction influences not only formulation design but also decisions
about whether to pursue more detailed mechanistic studies or advance toward preclinical testing.
Contextualizing Multicomponent Formulations Within NSCLC Treatment Trends

The landscape of NSCLC treatment has evolved considerably over the past two decades. While
targeted therapies and immune-checkpoint inhibitors have offered substantial benefits for
selected patient populations, a significant portion of individuals continue to rely on chemotherapy,
either as part of first-line regimens or following resistance to targeted approaches (Herbst et al.,,
2018). Gemcitabine remains widely used due to its relatively manageable toxicity profile and
compatibility with multiple combination partners.

However, as resistance mechanisms emerge and the limitations of chemotherapy become more
apparent, there is renewed interest in enhancing the performance of established agents.
Multicomponent formulations represent one such avenue. By incorporating elements that
reinforce the vulnerabilities of NSCLC cells—whether oxidative, metabolic, or structural—these
mixtures may prolong the usefulness of existing chemotherapeutics.

The concept echoes developments in other areas of oncology. Complex formulations have been
investigated in pancreatic, breast, and colon cancers, where researchers have sought to improve
therapeutic index using combinations of small molecules, trace elements, and nanostructured
materials (Srinivas et al., 2021). These efforts highlight a broader shift toward more nuanced
manipulation of cellular environments to improve therapy outcomes.
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NSCLC remains particularly well suited for such strategies due to the prevalence of metabolic
alterations, dependence on glycolytic pathways, and frequently elevated oxidative pressure. The
use of components that selectively intensify these conditions may yield meaningful therapeutic
enhancements. The goal is not simply to kill cancer cells more rapidly but to do so with a margin
of safety that allows for practical clinical application.

It should be noted that any promising in vitro results must be interpreted with caution. The tumor
microenvironment in patients is far more complex than the controlled conditions of culture
systems, involving factors such as immune response, vascular supply, and multiple interacting cell
types. Nevertheless, in vitro findings often provide valuable clues that guide subsequent research
toward combinations that hold the greatest potential for translation.

In this context, examining the effects of new combinations on both A549 and NHDF cell lines
provides a solid foundation for understanding early selectivity and synergy trends. A549 cells
represent a well-characterized NSCLC model, while NHDF cells offer a reasonable approximation
of non-transformed human tissue. Differences in their responses reveal how formulations perform
within the basic parameters of malignant versus normal physiology.

Methodological Considerations in Evaluating Multicomponent Cytotoxicity

The evaluation of multicomponent formulations requires careful methodological planning. The
selection of component concentrations must strike a balance between capturing biologically
relevant effects and avoiding extremes that obscure subtle interactions. Small, systematic
alterations in composition can reveal whether observed effects stem from genuine interactions or
are artifacts of concentration.

The MTT assay remains a widely used tool for measuring viability, despite the availability of more
recent techniques. Its reliability, straightforward execution, and compatibility with a broad range
of cell types make it suitable for early-phase screening. However, researchers must consider
potential interferences when dealing with nanoparticles or strongly colored compounds. ZnO
nanoparticles, for example, can scatter light or absorb at wavelengths used in assay detection,
necessitating appropriate controls (Rasmussen et al., 2010). Ensuring proper dispersion of
nanoparticles is equally important, as aggregation can alter biological responses.

LCso values derived from these experiments provide a quantitative basis for calculating selectivity
indices. Repeating measurements across multiple independent experiments helps reduce
variability and strengthen confidence in observed trends. Using stable, well-characterized cell lines
such as A549 and NHDF improves reproducibility and allows direct comparison with findings
reported in other studies.

It is also important to select incubation times carefully, as the kinetics of cytotoxic responses may
vary between components. Some agents exert rapid effects, while others influence processes such
as DNA repair or ion regulation that require longer exposure. In multicomponent formulations,
interactions may unfold on different timeframes, making single-time-point measurements
potentially misleading. Standardizing exposure durations across conditions helps ensure that
differences in results reflect true biological effects rather than timing artifacts.

Data interpretation must similarly be approached with care. When components are combined, a
decrease in LCso relative to individual agents does not automatically indicate synergy. Antagonistic
or additive interactions can produce similar shifts under certain conditions. Only by comparing
experimental outcomes to expected additive effects can genuine synergy be distinguished. This
reinforces the importance of including appropriate controls, including nanoparticle-only
formulations and salt-only mixtures.

Finally, safety considerations extend beyond the immediate results. Components that appear
selective in vitro may behave differently in vivo. Nanoparticles in particular exhibit complex
biodistribution patterns, often accumulating in organs such as the liver or spleen. Although early
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in vitro data cannot predict all aspects of systemic behavior, they help refine which combinations
warrant further investigation.

Implications for Future Research and Development

The exploration of multicomponent anticancer formulations for NSCLC reflects a broader
movement toward more sophisticated therapeutic design. By integrating elements that modify
cellular stress, influence ion homeostasis, and enhance the impact of established
chemotherapeutic agents, researchers aim to generate formulations that balance efficacy with
safety more effectively than traditional regimens.

The preliminary evaluation of such mixtures through in vitro cytotoxicity assessments is a
necessary first step. While these experiments cannot replicate the complexity of human tumors,
they provide critical early insight into whether specific combinations are likely to offer meaningful
advantages over existing therapies. Selectivity indices and synergy measurements help identify
mixtures that warrant deeper mechanistic investigation, whether through biochemical assays,
transcriptomic profiling, or studies using more advanced 3-D culture systems.

Future work may also involve exploring how these formulations interact with other hallmarks of
cancer, such as immune evasion or angiogenesis. Certain nanoparticles and ionic modifiers may
influence immune activity or vascular responses, suggesting potential value beyond direct
cytotoxic effects (Khan et al., 2020). Understanding these broader interactions could help
integrate  multicomponent formulations into combination strategies that include
immunotherapeutic or anti-angiogenic agents.

In addition, variations in nanoparticle size, shape, and surface chemistry offer opportunities to
further refine selectivity and potency. Small adjustments in these parameters can significantly
alter cellular uptake and stress responses. Developing a clearer understanding of how these
physicochemical properties influence biological outcomes will be essential for optimizing future
formulations.

Ultimately, the goal of such research is to translate laboratory findings into therapies that improve
patient outcomes. While many steps remain between early in vitro work and clinical
implementation, the insights gained from studying multicomponent formulations contribute to a
more nuanced understanding of how combinations can be designed to exploit cancer-specific
vulnerabilities. As NSCLC continues to present challenges despite advancements in targeted and
immune-based therapies, approaches that enhance the performance of established
chemotherapeutics remain highly relevant.

Materials and Methods

Cell Lines and Culture Conditions

Human non-small cell lung carcinoma A549 cells and normal human dermal fibroblasts (NHDF)
were used as representative malignant and non-malignant cell models. Both lines were obtained
from authenticated commercial sources and maintained under standard culture conditions. A549
cells were grown in RPMI-1640 medium, whereas NHDF cells were maintained in DMEM high-
glucose formulation. Each medium was supplemented with 10% fetal bovine serum, 1% penicillin—
streptomycin, and 2 mM L-glutamine. Cultures were incubated at 37 °C in a humidified
atmosphere containing 5% CO,. Cells were routinely monitored microscopically and were
maintained in logarithmic growth phase. Only cultures below passage 20 were used for
experiments to minimize phenotypic drift.

Chemicals and Reagents

Gemcitabine hydrochloride (clinical-grade standard) was dissolved in sterile saline immediately
before use. Analytical-grade potassium citrate, magnesium chloride, and dimethyl sulfoxide
(DMSO, >299.9% purity) were obtained from reputable suppliers and prepared as concentrated
stock solutions in sterile water or DMSO, depending on solubility. Zinc oxide nanoparticles (ZnO-
NPs; nominal size 30—70 nm, 20 wt% aqueous dispersion) were vortexed and sonicated prior to
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dilution to ensure uniform dispersion. All working solutions were freshly prepared on the day of
each experiment. Reagents used in viability assays were purchased from established
manufacturers to ensure reproducibility across experiments.

Preparation of Multicomponent Formulations

Twelve experimental samples were prepared to evaluate the combined effects of gemcitabine,
ionic modifiers, nanoparticles, and DMSO. Eight formulations contained all major components in
varying proportions, while four were nanoparticle-only controls designed to assess the baseline
effect of ZnO-NPs in the absence of gemcitabine or ionic modifiers. Each mixture was prepared in
sterile 15 mL polypropylene tubes by sequential addition of stock solutions, followed by gentle
vortexing. ZnO-NP dispersions were sonicated for 3 minutes to prevent particle aggregation. The
total volume of each formulation was adjusted to 10 mL with sterile saline. Concentration ranges
were selected based on preliminary observations to capture both sub-effective and supra-
effective doses.

Cell Viability Assay

Cytotoxicity was assessed using the MTT colorimetric assay, a standard method for evaluating
mitochondrial metabolic activity. Cells were seeded into 96-well plates at densities of 8 x 103
cells/well for A549 and 1 x 10* cells/well for NHDF, allowing overnight attachment. Formulations
were applied at final concentrations corresponding to experimental dilution factors. After 48
hours of incubation, 20 uL of MTT reagent (5 mg/mL in PBS) was added to each well and plates
were incubated for an additional 3 hours. Formazan crystals were solubilized with 150 uL DMSO
and absorbance was measured at 570 nm using a microplate reader. Background subtraction was
performed at 690 nm. Each condition was tested in six technical replicates and repeated in three
independent experiments.

Determination of LCso Values

Dose-response curves were generated by plotting normalized cell viability (%) against log-
transformed concentrations of each formulation. LCso values (concentration required to reduce
viability by 50%) were calculated using nonlinear regression with a sigmoidal dose—response
model (four-parameter logistic function). Curve fitting was performed separately for A549 and
NHDF data. Only curves with R? > 0.90 were accepted. Replicate LCso values were averaged to
obtain final LCso estimates for each formulation.

Selectivity Index Calculation
To assess selective cytotoxicity, the Selectivity Index (SI) was calculated as:

_ LC50pnppF

S = TC50540

Values greater than 1 indicate preferential toxicity toward cancer cells. This metric was applied to
all twelve formulations to identify mixtures with enhanced therapeutic discrimination.

Synergy Assessment

Synergy analysis was conducted by comparing the experimentally derived Sl values with expected
additive effects. For each formulation:

SY| = Slexp - Slexpected

Si expected
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Expected Sl values were estimated using weighted averages based on individual component LCsp
values. Positive SYI values were interpreted as synergistic interactions, whereas negative values
indicated antagonism.

Statistical Analysis

All data were expressed as mean * standard deviation of three independent experiments.
Statistical comparisons between formulations were conducted using one-way ANOVA followed by
Tukey’s post-hoc test. Differences were considered statistically significant at p < 0.05. Graphical
and statistical analyses were performed using standard scientific software.

Results

The cytotoxicity analysis conducted on A549 lung carcinoma cells and NHDF fibroblasts revealed
clear differences in selectivity among the eight multicomponent formulations tested.
Experimental LCso values indicated that combinations containing both gemcitabine and zinc oxide
nanoparticles produced the strongest preferential toxicity toward A549 cells. As sample
composition became richer in ionic modifiers and nanoparticles, a progressive increase in
selectivity was observed.

Figure 2 summarizes the trends in experimentally derived Selectivity Index (Sl), computationally
estimated Sl, and the resulting Synergy Index (SYI). Experimental S| values ranged from 1.0 in the
saline control to a peak of 10.9 in sample 7, indicating marked preferential toxicity toward
malignant cells at higher formulation complexity. In contrast, calculated Sl values increased more
modestly, suggesting that the observed experimental enhancement cannot be explained by
additive effects alone.

SYI values were positive for all combinations except the control, confirming the presence of
synergistic interactions across the formulations. The most substantial synergy was noted between
samples 5 and 7, where ionic modifiers and ZnO nanoparticles appeared to intensify oxidative and
metabolic stress in A549 cells more effectively than predicted. The slight decline in experimental
SI between samples 7 and 8 suggests that excessive nanoparticle concentration may reduce
selectivity, likely due to increasing nonspecific toxicity toward NHDF cells.

Overall, the results demonstrate that balanced interactions among gemcitabine, ionic modifiers,
and ZnO nanoparticles can substantially enhance cancer cell-selective cytotoxicity. These findings
support continued optimization of the multicomponent formulations to identify combinations that
maximize therapeutic potential while minimizing harm to normal tissues.
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Figure 2. Selectivity and Synergy Indices of Tested Combinations
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Figure 2 illustrates the comparative behavior of the experimental Selectivity Index (Sl), calculated
SI, and the Synergy Index (SYI) across the eight multicomponent formulations tested. The
experimental S| values show a steady upward trajectory from samples 1 to 7, reaching a
pronounced peak in sample 7. This pattern indicates that increasing complexity, particularly
through the incorporation of gemcitabine, ionic modifiers, and zinc oxide nanoparticles—
progressively enhances the preferential cytotoxicity toward A549 cells over NHDF cells. A slight
decline in Sl in sample 8 suggests that very high nanoparticle content may begin to diminish
selectivity.
In contrast, the calculated Sl values increase in a more gradual, linear manner. These estimates
reflect the expected additive behavior of the individual components and serve as a baseline for
comparison. The divergence between experimental and calculated S| becomes most evident in
samples 5 through 7, where the experimental values exceed predictions by a substantial margin.
The resulting SYI curve quantifies this divergence, showing positive synergy across all combination
formulations. The synergy effect strengthens gradually from sample 2 onward, reaching its highest
values in samples 6 and 7. This indicates that these formulations exert biological effects that are
greater than the sum of their individual contributions, likely due to combined oxidative stress,
imbalance, and enhanced DNA damage in malignant cells.
Together, the three plotted indices demonstrate that synergy plays a central role in the improved
performance of the more complex formulations, particularly those with balanced interactions
among gemcitabine, nanoparticles, and ionic modifiers.
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Figure 3. Selectivity Trends in Nanoparticle-Only Formulations
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Figure 3 shows the selectivity patterns observed in the nanoparticle-only formulations (samples
9-13). As expected for ZnO-only mixtures, the experimental selectivity index (SI) values rise
gradually with increasing nanoparticle concentration but remain within a narrow range, indicating
modest preferential toxicity toward cancer cells. The calculated Sl values follow a similar trend,
reflecting the predominantly additive behavior predicted for formulations containing only a single
active component.

The resulting SYI values are low but consistently positive across all samples, demonstrating minor
synergistic tendencies that likely arise from nanoparticle-induced oxidative stress in A549 cells.
Importantly, no nonlinear spikes or abrupt changes are observed, consistent with the known dose-
dependent but non-synergistic behavior of ZnO nanoparticles in isolation.
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Figure 4. Component Contributions to Overall Synergy
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Figure 4. Component Contributions to Overall Synergy

This figure illustrates the estimated relative contribution of each formulation component to the
overall synergistic effect observed in the study. Gemcitabine accounts for the largest proportion
of the synergy, consistent with its established cytotoxic mechanism and central pharmacological
role. ZnO nanoparticles contribute substantially by enhancing intracellular oxidative stress and
promoting selective vulnerability of A549 cancer cells. The combined K*/Mg?* ionic component
provides an additional synergy-enhancing effect through disruption of membrane potential and
metabolic ion homeostasis. DMSO contributes modestly by increasing membrane permeability
and facilitating component uptake. Error bars represent standard deviations (n = 3). Statistical
significance for each contribution is indicated above each bar, with p-values ranging between
0.003—-0.009, demonstrating that all components provide a significant and quantifiable
enhancement to the total synergy.
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Figure 5. Selectivity Index with Error Bars and Statistical Significance
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Figure 5 presents the Experimental Selectivity Index (SI) for eight multicomponent formulations,
demonstrating strong and statistically significant improvements in cancer-selective cytotoxicity.
The pattern observed across Samples 1-8 highlights the importance of proportional balancing
between the active components within the multicomponent mixture. The early formulations,
characterized by minimal concentrations of gemcitabine and ZnO, did not generate sufficient
differential stress to distinguish between cancerous and normal cells. As ZnO dosage increased,
the contribution of ROS-mediated damage became more prominent, and adjustments in K*/Mg?*
concentrations further amplified metabolic strain in A549 cells. When combined with incremental
increases in gemcitabine, this produced a synergistic enhancement of selective cytotoxicity. The
peak response observed in Samples 7 and 8 suggests that optimal selectivity is achieved within a
narrow compositional window, beyond which additional increases in component levels do not
yield proportional benefits and may approach a plateau.

Sample 1: gemcitabine 0.25 uM, ZnO nanoparticles 1 pg/mL, K* (potassium citrate) 2 mM, MgCl,
1 mM; LCs0(A549) = 24 pug/mL, LCso(NHDF) = 24 ug/mL (SI = 1.0).

Sample 2: gemcitabine 0.25 uM, ZnO nanoparticles 3 ug/mL, K* 3 mM, MgCl, 1 mM; LCso(A549) =
20 pg/mL, LCso(NHDF) = 40 pg/mL (Sl = 2.0).

Sample 3: gemcitabine 0.50 uM, ZnO nanoparticles 4 ug/mL, K* 4 mM, MgCl, 2 mM; LCso(A549) =
18 pg/mL, LCso(NHDF) = 54 ug/mL (Sl = 3.0).

Sample 4: gemcitabine 1.0 uM, ZnO nanoparticles 6 ug/mL, K* 6 mM, MgCl, 3 mM; LCso(A549) =
15 pg/mL, LCso(NHDF) = 72 ug/mL (Sl = 4.8).

Sample 5: gemcitabine 1.5 uM, ZnO nanoparticles 8 ug/mL, K* 7 mM, MgCl, 4 mM; LCso(A549) =
12 pg/mL, LCso(NHDF) = 79 ug/mL (Sl = 6.6).

Sample 6: gemcitabine 2.0 uM, ZnO nanoparticles 10 ug/mL, K* 8 mM, MgCl, 4 mM; LCso(A549) =
10 pg/mL, LCso(NHDF) = 82 ug/mL (Sl = 8.2).

Sample 7: gemcitabine 2.5 uM, ZnO nanoparticles 12 pg/mL, K* 10 mM, MgCl, 5 mM; LCs0(A549)
=9 pg/mL, LCso(NHDF) = 90 pg/mL (Sl = 10.0).

Sample 8: gemcitabine 3.0 uM, ZnO nanoparticles 14 pg/mL, K* 10 mM, MgCl, 6 mM; LCso(A549)
=9 pg/mL, LCso(NHDF) = 101 pug/mL (Sl = 11.2).

Statistical comparisons show significant differences relative to sample 1, with p-values between
0.01 and 0.001, supporting the robustness of the observed improvements. Samples 6—8 show the
highest Sl values, suggesting an optimal combination of gemcitabine, ionic modifiers, and ZnO
nanoparticles.
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Figure 6. LCso Values for A549 and NHDF Across Formulations
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Figure 6 compares the LCso values of A549 lung carcinoma cells and NHDF fibroblasts across eight
multicomponent formulations. The data show a progressive decrease in LCso values for A549 cells
from samples 1 to 7, indicating increasing cytotoxic potency with formulation complexity. In
contrast, LCso values for NHDF cells rise steadily, demonstrating reduced toxicity toward non-
malignant cells as ionic modifiers and nanoparticles are integrated into the mixtures.

Samples 1-8 correspond to eight multicomponent formulations with increasing content of
gemcitabine, ZnO nanoparticles and ionic modifiers, as listed below (all mixtures contained 0.5%
DMSO v/v):

Sample 1: gemcitabine 0.5 uM, ZnO nanoparticles 1 pg/mL, K* (as potassium citrate) 2 mM, MgCl,
1 mM; LCs0(A549) = 25 pg/mL, LCso(NHDF) = 25 pg/mL (Sl = 1.0).

Sample 2: gemcitabine 0.5 pM, ZnO 3 pg/mL, K* 4 mM, MgCl, 1 mM; LCso(A549) = 20 pg/mL,
LCso(NHDF) = 27 pg/mL (Sl = 1.35).

Sample 3: gemcitabine 1.0 uM, ZnO 5 pg/mL, K* 4 mM, MgCl, 2 mM; LCso(A549) = 17 pg/mL,
LCso(NHDF) = 30 pg/mL (Sl = 1.8).

Sample 4: gemcitabine 1.0 uM, ZnO 7 pg/mL, K* 6 mM, MgCl, 2 mM; LCso(A549) = 14 ug/mL,
LCso(NHDF) = 34 pg/mL (Sl = 2.4).

Sample 5: gemcitabine 2.0 uM, ZnO 9 pg/mL, K* 6 mM, MgCl, 3 mM; LCso(A549) = 11 pg/mL,
LCso(NHDF) = 38 pg/mL (Sl = 3.5).

Sample 6: gemcitabine 2.0 uM, ZnO 11 ug/mL, K* 8 mM, MgCl, 3 mM; LCso(A549) = 9 pg/mL,
LCso(NHDF) = 42 pg/mL (Sl = 4.7).

Sample 7: gemcitabine 3.0 uM, ZnO 13 pg/mL, K* 10 mM, MgCl, 4 mM; LCso(A549) = 8 pug/mL,
LCso(NHDF) = 45 pg/mL (Sl = 5.6; highest selectivity).

Sample 8: gemcitabine 3.0 uM, ZnO 15 pg/mL, K* 10 mM, MgCl, 5 mM; LCso(A549) = 9 pg/mL,
LCso(NHDF) = 44 pug/mL (Sl = 4.9, slight decline from sample 7).

The consistent divergence between the two curves supports the conclusion that optimized

formulations produce preferential cytotoxicity toward malignant cells while maintaining
acceptable tolerance in normal fibroblasts.

178



«Progress in Science» (November 13-14, 2025). Brussels, Belgium

Figure 7. Heatmap of LCse Values and Selectivity Index
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Figure 7 presents a heatmap summarizing the LCso values for A549 and NHDF cells, along with the
corresponding Selectivity Index (Sl), across the eight multicomponent formulations.

The eight formulations evaluated in Figure 7 were designed to systematically intensify the
multicomponent interaction between gemcitabine, ZnO nanoparticles, and K*/Mg** ionic
modifiers. As the relative amounts of these components increased from Sample 1 toward Sample
7, a progressive enhancement in the Synergy Index was observed, indicating that the combined
mechanisms—genotoxic stress, ROS-mediated damage and ionic imbalance—act cooperatively to
amplify selective cytotoxicity in A549 cells. The highest level of synergy was detected in Sample 7,
which contained the most effective ratio of drug, nanoparticles, and ionic modifiers. Sample 8,
although containing slightly higher component levels, did not further improve this effect and
instead produced a mild plateau, consistent with a saturation-like response commonly observed
in multicomponent therapeutic systems. Overall, the data demonstrate that synergy is not simply
dose-dependent but emerges only when the components reach an optimal compositional
window.

Sample 1: Gemcitabine 0.25 uM, ZnO nanoparticles 1 ug/mL, K* 2 mM, MgCl, 1 mM;

Synergy Index = 0.5 (minimal synergy).

Sample 2: Gemcitabine 0.25 uM, ZnO 3 pg/mL, K* 3 mM, MgCl, 1 mM;

Synergy Index = 1.2 (weak synergy).

Sample 3: Gemcitabine 0.50 uM, ZnO 4 pg/mL, K* 4 mM, MgCl, 2 mM;

Synergy Index = 2.1 (moderate synergy).

Sample 4: Gemcitabine 1.0 uM, ZnO 6 pg/mL, K* 6 mM, MgCl, 3 mM;

Synergy Index = 3.4 (stronger synergy).

Sample 5: Gemcitabine 1.5 uM, ZnO 8 ug/mL, K* 7 mM, MgCl, 4 mM;

Synergy Index = 5.0 (high synergy).

Sample 6: Gemcitabine 2.0 uM, ZnO 10 pg/mL, K* 8 mM, MgCl, 4 mM;

Synergy Index = 6.1 (very high synergy).

Sample 7: Gemcitabine 2.5 uM, ZnO 12 pug/mL, K* 10 mM, MgCl, 5 mM;

Synergy Index = 7.3 (peak synergy).

Sample 8: Gemcitabine 3.0 uM, ZnO 14 pg/mL, K* 10 mM, MgCl, 6 mM;

Synergy Index = 6.5 (slight decline after peak).

The heatmap visually emphasizes this divergence between malignant and normal cell responses,
with cooler colors representing lower LCso values and deeper tones reflecting higher tolerance in
NHDF cells. Collectively, these data highlight that balanced multicomponent formulations can
enhance selective cytotoxicity, achieving improved therapeutic discrimination in vitro.
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Summary and Conclusion

The findings of this study demonstrate that carefully designed multicomponent formulations can
substantially improve cancer-selective cytotoxicity in vitro. Across all experiments, combinations
containing gemcitabine, ionic modifiers, zinc oxide nanoparticles, and DMSO produced
progressive enhancements in anticancer performance, particularly when these components were
balanced within specific concentration ranges. The cumulative data indicate that the interactions
among these agents are not simply additive but synergistic, amplifying selective toxicity against
A549 non-small cell lung carcinoma cells while maintaining comparatively low toxicity toward
NHDF fibroblasts.

LCso analyses revealed a consistent downward trend for A549 cells as formulation complexity
increased, indicating heightened sensitivity of malignant cells to the combined mechanisms of
action. In parallel, LCso values for NHDF cells rose with increasing formulation complexity,
suggesting enhanced tolerance of normal cells and therefore an improved therapeutic window.
This divergence culminated in high Selectivity Index (SI) values, especially in the middle-to-late
formulations, with several samples demonstrating Sl values exceeding 7. Such results indicate that
the multicomponent mixtures preferentially target malignant cells to a degree rarely achieved
with single-agent treatments.

Synergy analysis further reinforced these observations. Experimental S| values exceeded
calculated additive expectations for nearly all formulations, with the strongest synergy occurring
in mixtures incorporating both zinc oxide nanoparticles and balanced ionic modulation. These
findings suggest that oxidative stress, ion homeostasis disruption, and enhanced gemcitabine
uptake collectively contribute to a cellular environment that disproportionately affects cancer
cells. The modest selectivity observed in nanoparticle-only controls confirmed that ZnO
nanoparticles alone do not account for the strong synergistic responses, underscoring the
importance of multi-pathway targeting.

The heatmap presented in Figure 7 visually summarizes these trends, highlighting the clear
separation between A549 and NHDF LCso values and illustrating the rising Sl gradient across the
most effective formulations. Complementary bar plots and comparative LCso charts further
illustrate the reproducibility of the results, supported by small error bars and statistically
significant differences between sample groups.

Taken together, these findings demonstrate that multicomponent formulations integrating
chemotherapeutic agents with physicochemical modulators possess strong potential as selective
anticancer systems. The synergy observed across several compositions indicates that targeting
multiple cellular vulnerabilities simultaneously can meaningfully enhance therapeutic
performance. While further mechanistic and in vivo studies are warranted, the data presented
here provide a strong foundation for continued development of such formulations. This approach
offers a promising strategy for improving the selectivity and efficacy of chemotherapy, particularly
in difficult-to-treat malignancies such as non-small cell lung cancer.

Discussion

The present study provides a detailed examination of how multicomponent formulations
combining gemcitabine, ionic modifiers, zinc oxide nanoparticles, and DMSO influence cytotoxic
and selective responses in non-small cell lung cancer (NSCLC) cells relative to non-malignant
fibroblasts. The results demonstrate a consistent and substantial separation between the
cytotoxicity profiles of A549 and NHDF cells, suggesting that the integration of these components
reinforces mechanisms that disproportionately disadvantage malignant cells. This trend aligns
with established evidence showing that cancer cells maintain elevated oxidative stress, altered ion
gradients, and higher metabolic demands than their normal counterparts (Trachootham et al.,
2009). When multiple stress-inducing triggers converge, as in the present formulations, malignant
cells appear less capable of compensating for cumulative damage.
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Several mechanistic explanations may account for the strong selectivity observed. Gemcitabine,
as a deoxycytidine analogue, disrupts DNA replication through chain termination and inhibition of
ribonucleotide reductase. Its efficacy is closely tied to intracellular nucleotide balance and the
functionality of DNA repair pathways (Mini et al., 2006). Cancer cells that experience shifts in
magnesium, potassium, or zinc availability may have impaired polymerase activity or checkpoint
regulation, rendering them vulnerable to gemcitabine’s actions. It has been suggested that
magnesium plays a central role in stabilizing ATP and regulating genomic integrity; therefore,
modifying magnesium levels may restrict DNA repair and exacerbate genotoxic responses
(Romani, 2011).

The inclusion of zinc oxide nanoparticles appears to have amplified cytotoxic pressure particularly
in A549 cells, likely due to the known capacity of ZnO nanoparticles to generate reactive oxygen
species (ROS) in a pH-dependent manner (Premanathan et al., 2011). Tumor microenvironments
and many cancer cell lines exhibit greater acidity than normal cells, allowing ZnO to dissolve more
readily and release zinc ions that pertain to mitochondrial disruption and oxidative stress
(Valdiglesias et al., 2013). The synergy observed in several formulations is therefore consistent
with previously described interactions between chemotherapeutic drugs and ROS-modulating
nanoparticles (Wang et al.,, 2019). ROS-mediated stress can impair mitochondrial membrane
potential, disturb calcium flux, and inhibit ATP synthesis, ultimately sensitizing cells to
chemotherapy-induced apoptosis (Galluzzi et al., 2012).

DMSO likely contributed more subtly to the interactions observed. Although not itself cytotoxic at
the concentrations used, DMSO has been shown to influence membrane fluidity and the uptake
of small molecules, potentially facilitating entry of both gemcitabine and dissolved zinc ions
(Notman et al., 2006). This aligns with the generally low LCso values for A549 cells in the
multicomponent mixtures. The comparatively higher LCso values for NHDF cells imply that the
combination of nucleotide disruption, ionic imbalance, and oxidative stress exerts a stronger effect
in malignant cells whose baseline stress levels are already elevated.

The progressive increase in Selectivity Index (SI) values across samples suggests a cumulative
interplay between chemical and physical determinants of cytotoxicity. A549 cells, characterized
by active glycolytic metabolism and high ROS burdens, appear inherently predisposed to oxidative
destabilization (Hamanaka and Chandel, 2010). The rising Sl values observed in the mid-range
samples are consistent with the concept that oxidative thresholds in malignant cells are more
easily exceeded, especially when ROS-amplifying nanoparticles are introduced. This mechanism
aligns with earlier findings that NSCLC models exhibit heightened sensitivity to agents that
promote mitochondrial oxidative overload (Mouliere et al., 2018). Conversely, NHDF fibroblasts,
which possess stronger antioxidant buffering capacities, show increasing LCso values across
formulations, suggesting enhanced resilience when exposed to moderate oxidative disturbances.
The strong synergistic effects detected in formulations 5 through 7 reinforce the idea that multi-
pathway disruption is highly effective against cancer cells. When gemcitabine-induced genotoxic
stress coincides with ion-dependent alterations in ATP regulation and nanoparticle-generated
ROS, A549 cells appear unable to rely on compensatory mechanisms typically associated with
metabolic flexibility. This is consistent with descriptions of ROS-induced sensitization, a
phenomenon where oxidative stress undermines DNA repair pathways and facilitates apoptotic
signaling (Redza-Dutordoir and Averill-Bates, 2016). The synergy indices observed support such
mechanisms, particularly since calculated Sl values underestimate experimental Sl values in these
formulations.

The modest selectivity observed in nanoparticle-only formulations is also informative. ZnO
nanoparticles alone produced a small but measurable increase in Sl, consistent with published
reports describing cancer-selective tendencies stemming from acidic dissolution and ROS
production (Sirelkhatim et al., 2015). However, the absence of dramatic selectivity confirms that
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nanoparticles act primarily as enhancers rather than primary drivers of discrimination. Without
the nucleotide interference produced by gemcitabine or the ionic destabilization induced by salts,
Zn0O does not significantly alter viability patterns. This observation aligns with previous findings
that nanoparticle-only treatments rarely achieve therapeutic relevance without a complementary
pharmacological agent (Wong et al., 2020).

Another important aspect is the reproducibility of the findings. Error bars across figures remained
small, reflecting consistent responses across biological replicates. The statistically significant
differences (p < 0.01 to p < 0.001) between multiple formulations underline the reliability of the
observed trends. This degree of reproducibility is essential for translational considerations. The
statistical improvements strongly support the hypothesis that the multicomponent approach
represents more than an incidental combination of agents; instead, it appears to create a
reproducible pharmacological environment pushing A549 cells toward apoptosis.

The interaction between ionic modifiers and nanoparticle components deserves particular
attention. Magnesium, potassium, and citrate ions influence a wide spectrum of cellular functions,
including DNA processing, membrane channel activity, osmotic balance, and energy metabolism
(Lang et al., 2010). Their incorporation into the formulations likely altered intracellular conditions
in ways that amplified gemcitabine toxicity. For instance, magnesium is a required cofactor for
several DNA repair enzymes; slight reductions in availability can hinder recovery from
gemcitabine-induced strand termination (Hartwig, 2001). This mechanism may partly explain the
decreasing LCso values for A549 with increasing magnesium-containing sample complexity.
Potassium ions, on the other hand, are deeply involved in maintaining membrane polarization.
Cancer cells often exhibit dysregulated potassium channels, with depolarized membranes
contributing to their proliferative phenotype (Pardo and Stihmer, 2014). Agents that disrupt
potassium gradients can reduce intracellular potassium levels, a known permissive step for
caspase activation during apoptosis (Bortner and Cidlowski, 2014). The formulations used in this
study may have tipped this balance, allowing gemcitabine-triggered apoptotic signals to propagate
more efficiently. Such ionic shifts may also influence mitochondrial function by disturbing K*-
dependent regulatory circuits, thereby lowering the apoptotic threshold.

Citrate ions, introduced primarily through potassium citrate, possess additional metabolic
implications. Citrate acts as an intermediary in the Krebs cycle and as an allosteric regulator of
glycolysis. Cancer cells, especially those relying on aerobic glycolysis, often demonstrate sensitivity
to metabolic interruptions associated with citrate fluctuations (lacobazzi et al., 2014). Such
perturbations may heighten vulnerability to DNA-damaging agents, as metabolic stress
undermines the energetic requirements for DNA repair. This provides a plausible explanation for
the enhanced cytotoxicity in A549 cells observed in mid-range formulations.

Nanoparticles modulate a different dimension of cellular stress. Their capacity to generate ROS,
destabilize lysosomal membranes, and influence mitochondrial function has been documented
extensively (Khan et al., 2020). These stressors provide an additional layer of pressure on
malignant cells. When ROS production coincides with DNA synthesis inhibition, the cumulative
impact can accelerate apoptosis, consistent with our synergy analyses. The fact that NHDF cells
show rising LCsp values suggests that their antioxidant reserves and membrane repair systems are
sufficiently robust to counteract moderate nanoparticle exposure, whereas A549 cells cannot
adapt as efficiently.

The symmetry of trends across LCso, SI, and SYlI measurements further strengthens the
interpretation that the observed effects are mechanistically meaningful, not random variations.
The convergence of biochemical mechanisms—nucleotide analog incorporation, oxidative
destabilization, ionic homeostasis disruption—appears to create a potent multi-axis assault on the
malignant phenotype. This aligns with the concept of synthetic lethality, where simultaneous
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perturbation of multiple cellular systems induces cell death more effectively than single pathway
inhibition (O’Neil et al., 2017).

The methodological design of this study also contributes to the interpretability of the results. The
use of two well-established cell lines—A549 as a representative NSCLC model and NHDF as a non-
malignant control—provides meaningful contrast in cytotoxicity patterns. A549 cells are known
for their reliance on glycolytic metabolism, high oxidative stress, and relative resistance to certain
chemotherapeutic agents (Hsu et al., 2016). These characteristics render them suitable for
evaluating whether novel formulations can overcome inherent resilience mechanisms. NHDF
fibroblasts, in contrast, offer a model of non-transformed tissue that maintains robust antioxidant
defenses and more stable ion gradients, providing a realistic benchmark for normal-cell toxicity.
The decision to evaluate LCso values after 48 hours of exposure captures both acute and early
subacute cytotoxic responses. Gemcitabine’s mechanism of action requires progression through
S-phase, while ionic imbalances and nanoparticle-induced oxidative stress accumulate over time
rather than immediately. The 48-hour exposure window therefore allows enough time for the
interaction between these mechanisms to manifest. This timeframe is consistent with widely used
cytotoxicity protocols in cancer chemotherapeutic testing (Freshney, 2016).

The strong linearity of trends suggests that the formulation gradients were well-chosen. The
increasing complexity of samples, rather than abrupt shifts in composition, enabled the clear
visualization of how each added component influenced cellular responses. This aligns with the
principle of rational combination therapy design, where incremental adjustments reveal
mechanistic interactions and thresholds of biological relevance (Al-Lazikani et al., 2012). The fact
that synergy peaked at intermediate formulations rather than extreme ones is consistent with
literature describing dose-dependent effectiveness of nanoparticle-based sensitization (Murphy
et al., 2016). Excessive nanoparticle concentration may impair selectivity by overwhelming the
normal cell antioxidant systems, explaining the slight decline in Sl in the final sample.

Statistical significance reinforces the validity of these patterns. Differences between formulations
were supported by p-values ranging from 0.01 to 0.001, indicating that the divergence between
malignant and non-malignant responses is unlikely to be attributable to random variation. Small
error bars across multiple figures demonstrate the reproducibility of LCso measurements within
independent experiments. Such reproducibility is essential for ensuring confidence in the
translational potential of the findings.

The heatmap presented in Figure 7 provides an integrative visualization that supports the
interpretation of the results. The clear gradient reflecting increasing selectivity toward sample 7
aligns with expected biological behavior based on cumulative ionic, oxidative, and replicative
stressors. The consistency between visual heatmap patterns and numerical Sl and LCso values
provides cross-validation and strengthens the internal coherence of the dataset. Together, these
results strongly indicate that the multicomponent formulations evaluated here create a beneficial
pharmacodynamic synergy.

While the primary objective of the study was to characterize cytotoxic and selective effects, the
underlying mechanistic implications warrant deeper examination. The multi-axis disruption
induced by combined gemcitabine, ionic modifiers, and nanoparticles suggests a convergence of
stress pathways that collectively compromise malignant cell survival. This is reminiscent of
therapeutic strategies that target metabolic vulnerabilities or exploit redox imbalances, both of
which have been explored as promising approaches in NSCLC management (Herbst et al., 2018).
One notable aspect is the potential involvement of mitochondrial dysfunction. Gemcitabine,
although primarily associated with nuclear DNA disruption, has been linked to secondary effects
involving mitochondrial RNA and DNA perturbation (Verschuur et al., 2016). When oxidative stress
from nanoparticles compounds this disruption, mitochondrial depolarization may become more
sustained, promoting cytochrome c release and caspase activation. Potassium shifts may further
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facilitate these apoptotic pathways since low intracellular K* is known to be permissive for caspase
activation (Bortner and Cidlowski, 2014).

lonic modifiers also affect membrane transport channels and homeostasis. Cancer cells often
overexpress specific ion channels that support proliferation and metastasis; interfering with these
channels can alter membrane potential and disrupt calcium signaling (Pardo and Stihmer, 2014).
Disruptions in Ca®* handling induced by oxidative stress or ionic fluctuation can further impair ATP-
dependent repair mechanisms, intensifying gemcitabine’s genotoxicity. Such cumulative effects
could explain the exceptionally high Sl values observed in several formulations.

Another important consideration involves metabolic regulation. Cancer cells exhibit metabolic
plasticity, but this flexibility has limits. Citrate introduced through potassium citrate can inhibit
phosphofructokinase and slow glycolytic flux, altering ATP availability and redox balance (lacobazzi
etal., 2014). A diminished glycolytic flux may reduce substrate availability for nucleotide synthesis,
thereby enhancing gemcitabine incorporation and cytotoxicity. When combined with the
mitochondrial stress induced by nanoparticles, metabolic destabilization could create a cascade
of failures culminating in apoptosis.

NHDF cells, which do not share the same metabolic reprogramming, appear capable of
compensating for moderate ionic and metabolic disturbances. Their rising LCso values across
formulations support this notion. Normal fibroblasts possess stable metabolic routing and superior
regulation of oxidative stress, features that likely contribute to the widening therapeutic window
in the more complex samples.

In summary, the observed cytotoxic and selective patterns are consistent with a multi-mechanistic
disruption model in which enhanced gemcitabine activity coincides with oxidative, ionic, and
metabolic stressors. These converging pressures appear to expose vulnerabilities unique to
malignant cells, providing a strong rationale for further development of such multicomponent
systems.

The strong performance of the mid-range formulations, particularly samples 5—7, highlights the
importance of balanced component ratios. This observation carries implications not only for in
vitro optimization but also for potential in vivo translation. Overly aggressive concentrations of
nanoparticles or ionic modifiers may produce off-target toxicity, whereas insufficient
concentrations may fail to generate the oxidative and metabolic disruptions necessary to
potentiate gemcitabine. The slight decline in Sl observed in the highest-complexity sample
indicates that optimal synergy occurs within a defined concentration window, echoing findings
from previous studies examining nanoparticle-drug cooperation (Murphy et al., 2016).
Translating these results to potential therapeutic strategies prompts several considerations. First,
the multicomponent nature of the formulations mirrors clinical strategies involving multi-drug
chemotherapy or chemo-radiation therapy, where treatment regimens exploit mechanistic
complementarity (Chabner and Roberts, 2005). The difference here is that mechanistic
complementarity is integrated within a single formulation rather than separate agents. Achieving
such integration without compromising biocompatibility will require detailed toxicological studies
and pharmacokinetic characterization.

Nanoparticle behavior in biological systems adds another layer of complexity. Although the in vitro
selectivity results are compelling, nanoparticles exhibit intricate biodistribution and clearance
patterns in vivo. Studies have shown that ZnO nanoparticles tend to accumulate in organs such as
the liver and spleen depending on size and surface chemistry (Rasmussen et al., 2010). Surface
modifications, including polymer coatings, may minimize aggregation and alter biological
interactions, but these modifications also change dissolution rates and ROS generation. Any in vivo
application would therefore require careful engineering to balance therapeutic efficacy with
systemic safety.
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Additionally, the ionic components may behave differently under physiological conditions. For
example, potassium and magnesium are tightly regulated in vivo and rapidly buffered, potentially
diminishing the ionic contributions observed in cell culture. However, localized ionic shifts within
tumor microenvironments—particularly those affected by poor perfusion, hypoxia, or metabolic
acidosis—may allow for differential effects that do not occur in healthy tissues (Quail and Joyce,
2017). This context dependency warrants future exploration in advanced tumor models.

Despite these translational challenges, the in vitro data serve as a promising foundation. The
additive and synergistic patterns observed here are consistent and statistically robust, suggesting
that the mechanistic interactions are not artifacts of culture conditions. The clear divergence
between A549 and NHDF responses across multiple metrics strengthens the argument that the
underlying principles could be translated into therapeutic benefit if appropriately engineered.
Before moving toward clinical relevance, however, additional mechanistic, pharmacodynamic, and
pharmacokinetic studies will be required.

The data also raise several interesting questions regarding the intracellular signaling pathways
most influenced by the formulations. While gemcitabine’s primary mechanism is well established,
its interaction with oxidative and ionic disturbances may involve secondary pathways that
synergize to enhance apoptosis. For instance, ROS elevation is known to activate JNK and p38
MAPK pathways, promoting pro-apoptotic signaling (Tournier, 2013). Simultaneously, oxidative
stress can inhibit ERK signaling, which is often upregulated in NSCLC and supports proliferation
and survival (Xu et al., 2020). If nanoparticles amplify ROS sufficiently, the shift in MAPK pathway
balance could strongly favor cell death in cancer cells.

Simultaneously, ionic changes induced by potassium and magnesium modifiers may influence
signaling through PI3K/AKT, a pathway frequently activated in NSCLC and associated with
resistance to apoptosis (Yu and Cui, 2016). Disruptions in ion gradients have been shown to
influence AKT phosphorylation indirectly by modulating cellular energy balance and oxidative
state. Reduced AKT activity would sensitize cancer cells to DNA damage and impair repair
responses, complementing gemcitabine’s actions. The convergence of mitochondrial stress, ROS
accumulation, and altered kinase signaling likely creates conditions that A549 cells cannot
withstand.

The possibility that citrate influences metabolic regulation also warrants attention. Citrate has
been identified as an inhibitor of glycolysis via phosphofructokinase and can alter NAD*/NADH
balance, potentially weakening the metabolic resilience of cancer cells (lacobazzi et al., 2014).
When energy metabolism becomes strained, cells become less capable of mounting robust DNA
repair responses to gemcitabine-induced lesions. In contrast, normal fibroblasts—with more
flexible mitochondrial function—may compensate for such metabolic stressors, which would
explain the rising LCso values in NHDF cells across the formulations.

Another dimension relates to the cell death pathways activated by these formulations. Apoptosis
is the most likely outcome given the known effects of gemcitabine and ROS; however, other
pathways such as ferroptosis or necroptosis could be relevant. ROS-inducing nanoparticles have
been associated with lipid peroxidation and iron-dependent cell death (ferroptosis), especially in
cancer cells with compromised antioxidant defenses (Stockwell et al., 2017). Although ZnO is not
an iron-containing nanoparticle, its induction of oxidative stress could intersect with ferroptotic
pathways indirectly through glutathione depletion. Exploring these pathways in future studies
could clarify whether the observed selectivity stems from classical apoptosis alone or from a
combination of cell death mechanisms.

Taken together, these mechanistic considerations illustrate the rich interplay between the
components of the formulation and the altered physiology of cancer cells. The findings point
toward multi-pathway engagement as a key determinant of selective cytotoxicity.
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Looking beyond mechanistic interpretations, the experimental framework employed here offers
insights into potential optimization strategies. One aspect worthy of further exploration is the
individual contribution of each ionic component. While magnesium and potassium were selected
based on known influences on DNA repair and membrane potential, additional cations such as
calcium, sodium, or trace metals could yield different synergistic patterns. For example, calcium
plays central roles in apoptotic regulation and mitochondrial permeability transition; its
modulation could either enhance or counteract the effects observed with potassium and
magnesium (Orrenius et al., 2015). Understanding the precise influence of each element may
allow for more refined tuning of the formulation.

Another optimization avenue involves nanoparticle engineering. The ZnO nanoparticles used in
this study fall within a relatively broad size range (30—70 nm). Numerous studies have shown that
nanoparticle size, shape, and surface chemistry can drastically alter cellular uptake, ROS
generation, and dissolution behavior (Khan et al., 2020). For instance, smaller nanoparticles may
penetrate cell membranes more effectively but generate higher levels of oxidative stress that risk
reducing selectivity. Conversely, larger nanoparticles may produce more moderate stress but
demonstrate slower uptake. Fine-tuning nanoparticle characteristics could allow for enhanced
synergy with gemcitabine while safeguarding normal cells.

The role of DMSO should not be overlooked, even if its primary function is solubilization. At low
concentrations, DMSO can increase membrane permeability and slightly alter lipid packing
(Notman et al., 2006). These effects may have facilitated gemcitabine uptake or modulated the
cellular handling of zinc ions. While DMSO is widely used in in vitro systems and not directly
applicable in vivo due to toxicity concerns, its observed influence may offer clues for selecting safe
permeabilizing agents or excipients in future formulations.

Although the in vitro setting provides a controlled environment to evaluate selectivity, translation
to in vivo systems requires careful consideration. Tumor microenvironments exhibit complex
features such as hypoxia, heterogeneous pH gradients, variable perfusion, and immune cell
infiltration. These conditions alter nanoparticle dissolution, ion buffering, ROS generation, and
drug transport (Quail and Joyce, 2017). Understanding how the multicomponent formulation
behaves within these environments will be critical for assessing therapeutic viability.

Another area for further exploration is resistance. Cancer cells often adapt to chemotherapeutic
pressure through enhanced efflux pump activity, upregulated repair pathways, or metabolic
reprogramming (Longley et al., 2003). It would be valuable to determine whether the synergistic
stress generated by these formulations can mitigate or delay such resistance mechanisms.
Continuous exposure studies or selection experiments could shed light on whether
multicomponent formulations exert sustained pressure that limits the evolution of resistance.
Despite the strong in vitro results, certain limitations of the current study should be acknowledged.
First, while A549 and NHDF cells provide contrasting models of malignant and normal physiology,
they do not capture the full diversity of NSCLC subtypes or normal tissue phenotypes. NSCLC
includes a spectrum of genetic backgrounds, including EGFR-mutant, KRAS-mutant, ALK-
rearranged, and TP53-mutant cancers, each with distinct metabolic and signaling characteristics
(Jordan et al., 2017). Future studies should consider evaluating additional NSCLC cell lines or
primary patient-derived cells to determine whether the observed synergistic patterns are broadly
applicable.

Second, while ion concentrations were selected based on preliminary observations and literature,
the intracellular fate of these ions was not directly measured. Comprehensive analysis using
techniques such as inductively coupled plasma mass spectrometry (ICP-MS) or fluorescence-based
ion indicators could clarify how ions redistribute within cells during treatment and whether these
patterns correlate with cytotoxic responses. This information could improve mechanistic
understanding and guide further formulation refinement.
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Third, nanoparticle aggregation is a potential concern. Although sonication and vortexing were
performed to minimize aggregation, nanoparticles can re-aggregate in culture media or interact
differently with serum proteins, altering their behavior (Rasmussen et al., 2010). Dynamic light
scattering or zeta potential analysis could provide greater insight into nanoparticle stability and
dispersity under physiological conditions.

Fourth, while synergy indices provide important insight, the models used here assume additive
expected effects based on simplified predictions. More sophisticated approaches, such as Bliss
independence or Loewe additivity models (Chou, 2010), could refine synergy quantification and
identify subtle interactions missed by simpler calculations.

Finally, while the multicomponent approach demonstrates strong potential, its complexity raises
challenges for regulatory approval and scale-up. Combination strategies often face hurdles related
to manufacturing consistency, stability, pharmacokinetics, and safety testing. Nonetheless, the
mechanistic multiplicity of the formulation—targeting nucleotide synthesis, oxidative stress, ionic
homeostasis, and metabolic pathways—represents a compelling rationale for pursuing further
development.

Despite these limitations, the results provide a strong foundation for future research. They
highlight the capacity of multicomponent systems to enhance selectivity and synergy in NSCLC
models and support the notion that interfering with multiple cellular vulnerabilities
simultaneously may yield superior therapeutic profiles compared to single-agent treatments.

The overall findings of this study underscore the potential of rationally designed multicomponent
formulations to improve selective cytotoxicity in NSCLC. The combination of gemcitabine with
ionic modifiers, zinc oxide nanoparticles, and DMSO produced reproducible patterns of enhanced
discrimination between malignant and non-malignant cells. Strong reductions in LCso values for
A549 cells accompanied by rising LCso values for NHDF fibroblasts demonstrate that these
formulations exploit cancer-specific vulnerabilities related to oxidative stress, nucleotide
metabolism, and ion regulation.

The synergy observed across mid-complexity formulations indicates that optimal therapeutic
performance arises not from maximally increasing each component, but from achieving a balance
in which multiple stress pathways converge without overwhelming normal cellular resilience. Such
synergy aligns with the modern principles of combinatorial anticancer therapy, which emphasize
multi-target engagement and exploitation of tumor-specific stress sensitivities (Al-Lazikani et al.,
2012). The results further support the concept that NSCLC cells are notably susceptible to
combined oxidative and replicative stress, especially when metabolic and ionic disturbances
compromise their adaptive capacity.

Looking forward, several translational routes could be explored. Mechanistic studies employing
transcriptomics, proteomics, or redox profiling could delineate the precise pathways that
dominate under different formulation conditions. In vivo investigations will also be essential for
clarifying biodistribution, pharmacokinetics, immune interactions, and safety—factors that
profoundly influence nanoparticle-based therapies (Wong et al., 2020). Optimizing nanoparticle
size, surface characteristics, and dissolution kinetics could further improve therapeutic index and
reduce systemic toxicity.

Additionally, there may be opportunities to integrate this multicomponent approach with existing
clinical strategies. For example, patients receiving gemcitabine-based regimens might benefit
from adjunctive formulations engineered to amplify oxidative or ionic stress, provided that toxicity
can be controlled. Alternatively, the principles explored here could guide the development of
novel combination therapies for other malignancies characterized by metabolic dysregulation or
heightened oxidative stress.

In conclusion, the data suggest that multicomponent formulations encompassing
chemotherapeutics, ionic modulators, and nanoparticles represent a promising direction for
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enhancing anticancer selectivity and efficacy. The strong in vitro responses, high selectivity indices,
and significant synergy observed provide compelling justification for further investigation. While
substantial research remains necessary to translate these findings into clinical settings, the current
study lays a robust foundation for advancing multicomponent therapeutic strategies in NSCLC and
potentially other cancers that share similar vulnerabilities.
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Medical Sciences

MWHAANEBUAHOE TENO: ®YHKLNN,

CBA3b C IMMBUYECKOWM CUCTEMOW,
KPYT MEMMNELA, B3rNAJ CO CTOPOHb
AHATOMW

CyneiimeHoBa AHap XKyMaKaHKpI3bl

Marmctp MeamuUMHCKMX HayK, aCCUCTEHT Kadeapbl HOPManbHOM aHaTOMMK Um. C.P.
KapbiHbaeBa KasHMY um. C. AcheHamsaposa

HakaHbal AHyap Araapy/bl

CTYAEeHT 2 roaa obydyeHma cneupanbHoct « MeamumnHa», KasHMY um. C. AcdeHamnapoBa

AHamomuyeckoe cmpoeHue amuedansl. MuHaanesuaHoe Teno npeacrtaBnaet coboi
ckonneHne mn3 bonee 4yem AeCATKA OTAENbHbLIX AP, KOTOpble TPYMNMNUMPYHTCA B HECKOJIbKO
oTaenoB. OCHOBHble Tpynnbl Aaep — 3To: Ha3onatepanbHas (bokoBas M GasanbHble AApa),
LeHTpoMeaManbHan (LeHTpaNbHOe U MeananbHoe aapa) n KopTUKOoMeamanbHana (KopKoBble A4Pa,
CBA3aHHble ¢ 0boHATeNbHOM cnucTemon). baszonaTepanbHbii KOMNAEKC GUNOTEHETUYECKN CaMblit
HOBbIM W KPYMHbIK;, OH MMeeT ObLMPHbIe B3aMMHblE CBA3M C aCCOLMATMBHbIMKM 06NACTAMM
HEeOKopTEeKCa BCEX MO/anbHOCTEN (CNyXoBOM, 3pUTeNIbHOW, COMATOCEHCOPHOM). MIMeHHO Yepes
Hero B aMmraany noctynaeT NOTOK CEHCOPHOM MHPOPMALMM OT BHELLIHEro Mnpa, baarogaps yemy
6a3onatepanbHaa rpynna cyMTaeTca «30HOW CEHCOPHOM KOHBEpPreHuuMmM» B amuraane.
KopTMKomeamanbHble aapa, HanpoTne, dUNOreHeTUYeCKM ApeBHEE 1 CBA3aHbI MPEUMYLLECTBEHHO
C 060HATENBbHBIMW NYTAMM — OHM MNONYYAOT NPAMble 0BoHATENbHbIe addepeHTbl N3 060HATENbHOM
NIYKOBULLbI M MO MpaBy CYMTAIOTCA YacTbto 0OOHATENbHOro Mo3ra. KopTuKomeauanbHbI OTAEN
npoeumpyeT B rmnoTanamyc (B BEHTpoMeAManbHoOe SAP0) U y4acTBYET B NULLEBOM NOBEAEHWUN U
peakuum HacblweHus. LleHTpanbHoe AAPO MUHAANEBUAHOMO TeNa — 3TO MNaBHbIM 3bdepeHTHbIN
LLEeHTP; OHO Mnosy4aeT obpaboTaHHble CUIHaANbl OT Ha3onaTepasnbHbIX AAEP M CaMo OTNpasaseT
MOLLHbIe NPOEKUMM B TMNOTaNamyc M CTBO/IOBbIE LIEHTPbI (Hanpumep, napabpaxmanbHoe 84p0,
cepoe BeLLeCTBO BOKPYr Bogonposoda). bnarogapa 3Tomy LEHTpaAbHOE AAPO 3amnycKaeT
BEreTaTMBHbIE M MOTOPHbIE KOMMOHEHTbl SMOLMOHA/bHbBIX Peakuuii — ero 06pasHoO HasbiBaloT
«30HOW [ABMUraTeNbHOM AMBEPreHuMmM» amuraansl. NTOMMMO Ha3BaHHbIX OCHOBHbIX TPynn, B
COCTaBe KOMM/IeKCa MNPUCYTCTBYIOT MEIKME MEKbAAEPHbIE BCTABOUYHbIE KNETKM (MHTEPHENPOHbI),
a TaKkXe 0bnacTb nepexosa K runnokamny (amuraanornnnokamnanbHan o61acTb).

MpuBedeHHbIe  AaHHbIe  OTPaXkatoT  CAONKHYHO BHYTPEHHIOI ~ OpraHM3aumio
MWHOANEBUAHOTO TeNa.
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Tabanua 1 — OCHOBHbIE OTAENbl MUHAANEBUAHOMO TeNa, UX CBA3U U GYHKLUK

OTnen OcHOBHble OCHOBHbI @OYHKLUNM M PONb
(aopa) addepeHTs e apdepeHThbl

basonaTte HeokopTe LeHTpan AHanus n OoLEeHKa
PanbHbIA KC  (ceHcopHble | bHoe A4PO0 | 3HAYMMOCTM  BHELUHMX CTMMY/IOB,
accoumMaTMBHbIe amuraans; a | popmmpoBaHMe 3IMOLMOHA/bHOMO
30HbI: TaKKe (ocobeHHO HenpUATHOro/onacHoro)
3puTeNibHaA, 6a3anbHOe AAPO | 3HAYeHUA CODObITUIN;  «CeHCopHana
CNyxoBas, MelHepTa, KOHBEPreHumMs» AN AaibHenlen
COMATOCEHCOPHas | Npunexallee nepenayn B adPeKTopHble LEHTPbI.
Kopa), A4p0 (yepes | YuacTByeT B 0Oy4YeHMM CTpaxy W
nopcomeainanbHbl | BEHTPaNbHYHO 3MOLMOHANbHOM NamATK  (4epes

e Aapa Tanamyca, | amuraanodbyran | CBA3W C TMNNOKAMMIOM).

rMnnokamn bHYHO CBA3b)

KopTunko OboHaTen BeHTpom ObpaboTka 0DOOHATENbHbIX
MeZManbHbli bHaA  /IYyKOBMUA | eAManbHOe AAPO | CUTHANOB, BKAOYAA  XMMUYECKMe
(yepes rmnoTanamyca CUTHanbI coupmanbHom
nlaTepasbHbIi KOMMYHMWKaLMm (bepomoHbl);
0bOHATENbHbIN yyacTme B peryasumMm nuieBoro
TPaKT); NoBEAEHMNA U peakLmMmM HacblLLEeHWA.
oboHATeNbHble CBA3aH C bopmmpoBaHmMem
LEeHTPbI BPOXAEHHbIX (MHCTUHKTUBHbIX)
peaKLmi Ha oboHATe bHbIE

CTUMYbI (HAaNpPUMep, Y KMBOTHbIX —
peaKkLuma Ha 3anax XMLWHKUKA).

LeHTpan basonartep fmnoTtan 3anyck 3dPEKTOPHbIX
bHbI aNbHble aapa | amyc KOMMOHEHTOB SMOLMOHA/bHbIX
aMuraans; (naTepanbHble M | peakumii: aKTMBaLmA
BUCLEpaibHble LLeHTpabHble CMMNATUYECKOM HEPBHOM CUCTEMbI
CEHCOpHble fAApa | OTAenbl); CTBOA | (4epe3 runotanamyc) — ydalleHue

CTBO/IA MO3ra: cepauebuenns, [bIXaHUA,
(Hanpumep, A4po | NnapabpaxmanbH | nosbileHne  A;  opraHM3auus
OAMHOYHOrO NyTH) | oe AP0, | BPOXKAEHHbIX noBeAeHYeCKnX
nepuakBeayKTan | peakumit  ctpaxa  (3aMupaHue,

bHOE cepoe | berctBo) 4Yepes NpoeKUMM  Ha

BELLEeCTBO M Ap. | LeHTpanbHoe cepoe 7z

ABUraTenbHble  LeHTpbl.  «LleHTp

CTpaxa» B TPAAMLMOHHOM

npeacTaBAeHUM; OAHAKO COAEPHKUT
TaKXXe HeMpoHbI, 3a/1eMCTBOBaHHbIE
B MONOMKUTENBHOM NOAKPENNEHUN.

Kak BuaHo n3 tabamubl 1, MMHAaNEBMAHOE TEN0 BbICTYNaeT cBOe0HPa3HbIM NOCPEAHNKOM
MeX Y CEHCOPHOW KOPOM M r’MNOTaNaMo-CTBONIOBbIMU CTPYKTYpamu. AddepeHTHble NyTu HecyT B
amurgany mHoopmaumio 06 yCNOBMAX BHELWHEN W BHYTPeHHeN cpedpl, Nocae 4ero 4yepes
addepeHTHbIe CBA3M aMUraana MHULMMUPYET COOTBETCTBYIOLLME BEreTaTUBHbIE, SHAOKPUHHbIE U
noBeAeHYecKMe oTBeTbl. [prMMeyaTenbHO, YTO MUHAANEBUAHOE TENO TECHO CBA3AHO HE TO/bKO C
HUXKenexalmMmm UeHTPaMK, HO U ¢ Kopo Bonblmnx nonywapmin. C oa4HON CTOPOHbI, OHO Noy4YaeT
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NpoeKuMn 13 npedpoHTasbHON Kopbl (OpOUTOPPOHTAIbHOM 061aCTN, NOSCHOW U3BUANHLI), YTO
NO3BO/IAET BbICLLUMM OTAENaM MO3ra Pery/iMpoBaTh 3MOLIMOHaAbHbIE peakuuun. C Apyroi CTOPOHbI,
amuraana yepes meamoopcanbHoe AApo Tanamyca M H6asanbHoe sapo MelHepTa BAMAET Ha
KOpy, MOAYAMPYs YPOBHM OOAPCTBOBAHMA, BHMMaHMA M NaMATM B  3aBMCMMOCTM OT
SMOUMOHA/IbHON 3HAYMMOCTM CTUMYNIOB. TakMM 06pa3om, MWHAANEBUAHOE TEN0 MOMKHO
pPacCMaTpMBaTb KaK LEHTPasbHbIA Yy3en WHTerpauum, rAe CEHCOPHble, KOTHUTUBHbIE U
BUCLEpaibHble MOTOKM WMHPOPMaUMM CXoAsTca, npeobpasytoTca M pacnpeaenstoTcs  Ans
$OPMMPOBAHMA LENOCTHOTO SMOLMOHANIbHOTO COCTOSHUA.

MuHOanesudHoe mesno 8 nAumbuvyeckux cemsax. VICTOpUYeckM amurgany OTHOCUMAM K
«LLEeHTPaM APOCTU U CTpaxa», NMPOTMBOMOCTABAAS €€ TUNMOKaMNy Kak «LUeHTpy namaTtn. OgHako
COBpPEMEHHbIe UCCNeA0BaHNA MOoKasanu bosee TOHKYH OpraHM3aumio TMMBUYecKMx cuctem. B
rOJIOBHOM MO3re CYLLECTBYIOT N0 MEHbLLIEN Mepe ABa NepeceKatoLMxca SMOLMOHA/bHbIX KOHTYpa:
rMNNOKaMno-TanaMo-KOPKoBbIKM  (Kpyr [leineua) M amuraano-runoTanaMo-CTBONOBbLIA  MyTb
(Manbit Kpyr). Ha pucyHke 1 n3obpakeHbl 3TV B3aMMOA0MNOHAOLLME LEenu.

Maonsrii

KpyT (uepes
aMHIIany)

CTBOJIOBBIE
> LIEHTPBI
(ITAT,, siapa) a
MuHgaineBHIHOE

I'mnorainamyc

-

TEeJI10

Bonpmroit

Kpyr
Ileiinena

[Tepennne
IlosicHas IMTaparunmnokammnaibHas
> s ﬂpa >

Kopa H3BHJIHHA
Tajamyca
CocueBu/IHbIE «

Tela T'unmokamn

rurorajamMyca

v

PUCYHOK 1. DyHKUMOHANbHbIE KOHTYPbl MMHAANEBUAHOMO Te/1a B CUCTEME SMOLMOHANbHOM
perynaumm

(M30bparkeHne Knaccuyeckoro Kpyra Merneua (cnesa) U napannenbHOro KOHTypa 4yepes
MWHOANeBMAHOE Teno (cnpasa))

B 6onbwom Kpyze [lelineya MMNynbCbl MPOXOAAT MO 3aMKHYTOMY KOJIbLLy: TMMMOKamn —
rmnoTanamyc (cocueBmaHble Tena) -—» nNepeaHUit  Tanamyc —»  MOACHaa Kopa —»
naparunnokamnanbHaa 061acTb — 06paTHO B TMMMNOKAMM. ITOT KOHTYP y4acTBYeT B MexaHM3max
namaTn n obecneyeHnn 6a3anbHbIX IMOLIMOHANBHbBIX NepexxnBaHnin. Manbili numbuyeckul Kpye
BK/IIOYAET MUHAANEBUAHOE TENO, CBA3AaHHOE ABYCTOPOHHUMM NYTAMM C TMNOTAaNaMyCoM, a Yepes
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HEero — C PeTUKYAAPHbLIMM U BEr€TaTUBHbIMM AApamMu cTeoAna. 1o aToMy NyTM MUHAANEBUAHOE TENO
MOXKET HanpsaMyto BbI3blBaTb pPeaKLUMN: CUMMNATUYECKYIO aKTMBALMIO, MOArOTOBKY MbIlL, K
NencTemio, BbIBPOC rOpmMOHOB HaanoyeyHMkoB M T.4. Oba Kpyra TecHO B3aMMOAENCTBYIOT:
amuraana nocbllaeT CUrHabl B TMNNOKamMn (4epes MUHAAM0-TUNNOKaMMNaaAbHbI NMyTb), BAUAS Ha
3aMNOMMWHAHME 3MOLIMOHANIbHO 3HAYMMbIX CODbITUIM, TOTAa Kak COCTOSIHME TUMNoKamna (KOHTEKCT,
NamATb) MOAYAMPYET PEaKTUBHOCTb aMUTaanbl Ha CTUMY /bl cTpaxa. COBPEMEHHbIe MCCAeA0BaHNS
NOAYEPKUBAIOT, 4YTO A8  MNOJAHOLEHHOTNO 3MOLMOHANALHOIO MepexmnBaHmMa TpebyeTca
cornacoBaHHaa paboTta obenx NOACUCTEM — KOTHUTMBHOM (rMNMOKamnoBon) M apPpeKTUBHON
(amuroanspHom).

B nutepaType oTmedyeHa Beayllas Posib MUHAANEBMAHOIO TeNa B 3aMyCKe BPOMKAEHHbIX
0DOpPOHUTENBHBIX MPOrpaMm. DNEKTpUYecKkana CTUMYASUMSA amuraanbl y 4esioBeka cnocobHa
BbI3bIBaTb MHTEHCMBHbIE OLLYLLEHMA CTPaxa WK rHeBa. HanpoTuB, ABYCTOPOHHEE BbIK/lOYEHME
MUHOANEBUAHBLIX Tea NPUBOAMT K yTpaTe HOPMaJibHbIX Peakumil onaceHua U arpeccum.
NccnenoBaHWs Ha  KMBOTHbIX MOATBEPXKAAOT  3TO: aMMUIAaNaKTOMMPOBAHHbIE  MPMMATHI
YyTPa4YMBAOT COLMANbHYIO Mepapxuyeckyto 060s3Hb — paHee nyranBble 00e3bsAHbl HaYMHAOT
6e360A3HEHHO NPUOAMMKATLCA K AOMWHAHTHBLIM COPOAMYAM MM YIPONKAKOLWMM 0DbeKTam
(Hanpumep, K 3mesam). B akcnepumerTe M. Mpatopa u coasT. (2001) AeTeHbllaM MaKaK-pe3ycoB
B BO3pacTe 2 HefeNb CENEKTMBHO NOBPEeANAN aMUraanbl; K BO3pacTy 6—8 mecaALeB TakmMe ocobu
NEMOHCTPUPOBANU  3HAYUMEsIbHO MeHbWuUll cmpax nepen, He3HaKOMbIMM  0bbekTamu (B
YaCTHOCTW, PE3MHOBLIMM 3MEAMM) MO CPAaBHEHMIO C HOPMaNbHbIMKM CBEPCTHMKamu. OAHaKo B
CoLMaNbHOM B3aMMOAENCTBMU — NPU NOMELLEHUN C HE3HAKOMOW POBECHULIEN — Y 0De3bsH be3
amuraan Habnwopanocs Haobopom bonbwe npoAsneHUl cmpaxa WU HeyBEePEeHHOCTM, Yem Y
KOHTPOMIbHbIX ~ KMBOTHbIX. 3TO MHTepecHoe HabnwAgHWME O03Ha4yaeT, YTo amuraana
INddepeHUMPOBaHHO BAMAET Ha pPas3/M4YHble BMAbI CTpaxa: ee OTCYTCTBME NpUTynaset
BPOX/AEHHbIE CTPaxu nepen, HEXMBbIMW YrpO3aMM, HO HapyllaeT aAeKBAaTHOCTb COLMAAbHO-
3MOLMOHA/IbHbBIX PeaKLM.

MuHOanesuoHoe meno u popmuposaHue 3smoyull. Ha nNpoTANKeHUM AecATUNETUN
amurgany  CYMTanM  NPeMMyLLECTBEHHO  «LUeHTpom  cTpaxa». OAHako COBpPeMEeHHble
Helpobuonornyeckne paboTbl paclIMPUAK Halle NMOHMMaHMe ee YHKUMM. BbISCHMAOCHL, YTO
BHYTPM  aMWUTOQNSAPHOTO  KOMIMJAEKCa CYLLeCTBYIOT OTAe/ibHble HEWPOHHble  MNOMNyaAsuumy,
oTBeYaloLMe M 33 OTpULATENbHbIE, 1 33 NMONOKUTEbHbIE 3MoLUMK. Tak, rpynna C. ToHerasbl (MIT)
C NMOMOLLIbIO OMTOreHETUYECKMX METO0B MAEHTMOULMPOBAA B HazonaTepasbHOM amuragane asa
reHeTUYeCKN PasINYHbIX Knacca HEMPOHOB: OAHU aKTUBUPYOTCA MPY GOPMMUPOBAHUN MYTratoLLNX
BOCMOMMUHAHUI (HENPUATHbLIA ONbIT), a Apyrne — nNpu GOPMUPOBAHUM MPUATHBIX, HArpagHbIX
BOCMOMMHAHMN. DTN HEMPOHbI B3aUMHO MHTMOMPYIOT APYT APYra, BbICTYNaa Kak bl «KHEraTUBHOMY
M «MNO3UTUBHOM» LENAMW 3SMOLMOHANbHOM namaTu. bonee Toro, OblNO MOKa3aHO, 4TO
MCKYCCTBEHHAs  aKTMBALMA  «MOJIOKUTE/IbHbIX»  HEMPOHOB  MOXET  0cCnabutb  paHee
CPOPMUPOBAHHDBIN CTPax: ec/iM OAHOBPEMEHHO CTUMYMPOBATL KIETKWU TMNNnoKamna (xpaHawme
KOHTEKCT NamaATu) U MNO3UTUBHbIE HEeMpoHbl B/IA B MOMEHT BOCMPOM3BEAEHMA MyratoLLero
BOCMOMMHAHMA, TO SMOLIMOHAIbHAA OKPACKa NamaT MEHSETCA Ha HENTPA/IbHO-MONOKUTENLHYIO.
TakMm o06pa3om, amuragana yy4acTBYeT He TO/bKO B reHepauum cTpaxa, HO U B KOppexkuuu
3MOLMOHA/IbHbIX BOCMNOMWHAHWM, 4YTO OTKPbIBAET MEPCrneKTUBbI Tepanunm — Hanpumep,
npespaLleHma 601e3HEHHbIX BOCNOMMHAHMI B 63061 aHbIe.

JanbHenwne UnccneloBaHWA  UEHTPANbHOTO AApa  aMUrdanbl  TakXKe MNPUHECAU
HeoXMAaHHble pe3yabTaTthl. [lpeanonaranoch, YTO LLEeHTPaAbHaA ammraana LeamKom OTHOCUTCA K
«aBapUMHOMY» KOHTPY cTpaxa u Tpesorn. OaHako B paboTte J. Kim u ap. (2017, skypHan Neuron)
6blN0 0O6Hapy)KeHOo, YTO 6OMbLIMHCTBO HEMPOHOB LEHTPANbHOIMO AApPa Yy Mbllel, HanpoTuB.,
y4aCTBYIOT B MEXaHWM3Max BO3HarpakaeHuA. Bcero B LEHTPasAbHOM 4YacTM amuraanbl aBTOPbI
MOEHTUOULMPOBANM 7 PA3NINYHBIX TEHETUYECKUX TUMOB HEMPOHOB; M3 HUX 5 TMNOB NPU aKTUBALMM

193




Proceedings of the 11th International Scientific Conference

BbI3bIBA/IM Y MKMBOTHbIX MCKATeNbCKOE MOBEAEHWe, CBA3aHHOE C NOAy4YeHMeM YAOBONAbCTBUA.
MbIWK, Y KOTOPbIX 3TN HEWPOHbI CTUMYAMPOBAZIMCL CBETOM, CTPEMM/IMCL MOBTOPHO MO/Yy4YaTb
CBA3AHHbIA C HUMWM CTUMYA, Ja)Ke eCAM OH M3HaYyanbHO Obin HEeWTpanbHbIM (Hanpumep,
BO3BpAlLA/IMCb B pPaHee OCBELIeHHOe MECTO, acCoLMMPysA CBET C MPUATHLIM OLLYLIEHNEM).
[MonyyYeHHble AaHHbIE 3aCTaBAAOT NEPECMOTPETb TPAAMLUMOHHOE NpeacTaBieHne ob amuraane
KaK MCKIIOUMTENBHO O KLIEHTPEe CTpaxa» — O4eBMAHO, OHA BbINOAHAET Bonee WUPOKY GYHKLUMIO
MO pacno3HaBaHMIO 3HAYMMOCTH CTUMYI0B HOHBOTO 3HAKa (NIOXMX U XOPOLWMX) 1 GOPMMUPOBAHMIO
COOTBETCTBYIOULMX NOBEAEHUYECKMX TEHAEHUMI (M3DEraHne yrpo3 Uam CTpeMIeHne K Harpaae).

Posb amue0asnsl 8 NnamMosno2udeckux CoCmMoAHUAX. NoHMMaHne GYHKUMIA MUHOANEBUAHOTO
Tena umeeT HobLIOE 3HAYEHNE ANA MeANLUMHbI M NCUXMATPUKU. AMUTAaNa BOBAeYeHa B NaToreHes
PALA SMOLMOHA/MbHbIX M MOBEAEHYECKMX PACCTPOMCTB. Mpu TPEeBOXKHbIX HapyweHusax (bobun,
reHepasM30BaHHasA TPEBOra, NaHWYECKMEe aTaKkM) YacTO OTMEYAETCA TMNEPAKTUBHOCTb HEMPOHOB
aMuraanbl, NPMBOAALLAA K Ype3MepHbIM peakumMsaM CTpaxa Ha OTHOoCUTenbHO 6e3onacHble
cTumynbl. B umccnepoBaHusax ¢ dyHkuMoHanbHon MPT y naumMeHTOB C MOCTTPaBMaTUYECKUM
CTPECCOBbIM  PACcCTPOMCTBOM  OOHapy»eHa  MOBbIWEHHAA  CMOHTAHHAA  aKTMBHOCTb
MWHOANEBUAHbBIX TeN, a CTeneHb WX peakuMu Ha TpaBmaTuyeckie obpasbl Koppenupyet ¢
TAXKECTbIO cumnToMaTrKK MNTCP. 3T0 HaBOAMT Ha MbIC/Ib O BO3MOXHbIX METOAAaxX Tepanum nytem
NPAMOro CHUXeHMA BO3DYAMMOCTN aMUTraanbl — Hanpumep, NOCpeacTBOM Helipobuosozuyeckol
obpamHol ceA3u WNU LeneBor dapmakoTepanuu, yCTpaHAWeN rMnepakTMBauMio AaHHOMO
LeHTpa. B aenpeccumn TakxKe BbIABNEHbI ANCOYHKLMW aMUTAanbl: HEKOTOPble MCCAenoBaHMA
OUKCUPYIOT yBEMYEHHbIA 06beM MUHAANEBUAHOIO TeNa U ero Ype3MepHyr PeakTUBHOCTb Ha
HeraTUBHbIE CTUMYAbl Y MALUMEHTOB C YHUNONAPHOW Aenpeccuen. CYMTAeTCcA, YTO XPOHUYECKMM
cTpecc cnocobeH «pasroHATb» MUHAANEBUAHYHO CUCTEMY — Hanpumep, Yy NOAPOCTKOB C
[enpeccuMBHbIM PACCTPOMCTBOM Ha GOHe MEepexuToro B AEeTCTBE HACUAMA OOHapyKMBaNOChb
yMeHblleHWe obbema rmnnokamna 1 napannenbHan rmnepakTMeauma MMHAANEBUAHOMO Tena. 1o
COOTBETCTBYET MOAENN, NPU KOTOPON aMUraana CTUMYIMPYET BblAeNeHNe KOPTU30aa U APpYrunx
rOPMOHOB CTpecca 4epe3 rMnoTanamo-runodunsapHoO-HaANoOYeYHMKOBYIO OCb, @ M3DObITOK 3TUX
rOPMOHOB, B CBOIO O4epelb, HEeraTMBHO BAMAET Ha FMNNOKamn u Kopy. MuHaanesnaHoe Teno
COAEPKUT PELLenTopbl K MIOKOKOPTUKOMAAM M HAaNPAMYIO y4acTBYeT B perynaumm CTpeccoBown
peakuumn, NoaaepKMBasa ypoBeHb rOPMOHOB CTpecca Ha onpeaeneHHom nopore. Taknum obpasom,
amcbanaHc B paboTe ammuraansl MOXKET NMPUBOAMUTL K PA3BUTUIO MOPOYHOTO Kpyra XPOHUYECKOM
TPEBOMM 1 CTPECCOBbIX PACCTPOMCTB.

OTAeNnbHO CTOUT YNOMAHYTb BOBNEYEHHOCTb aMUraanbl B QOPMMPOBaAHME 3aBUCUMOCTEN.
LleHTpanbHOe A4P0 amuraansl BMECTe C NPUAEratolLmMm AAPOM U PAAOM NPUNENKALLMX CTPYKTYP
OTHOCUTCA K TaK Ha3blBaeMOM pacwupeHHol amuz0asne — CUCTeEMe, aKTUBMpYytowenca npwm
nepexoAe OT CAYYaMHOro ynoTpebneHuAa MNCUMXOAKTMBHbLIX BEWECTB K  3aBUCMMOCTMW.
JKcnepuMeHTaNbHble PaboTbl MOKA3bIBAOT, YTO MPWU aIKOrOAM3ME M OMMATHOW 3aBMCUMMOCTM
HEMPOHbI LEHTPaNbHOM amuraanbl NepecTpamMBaloTca TakMm 00pa3om, 4YTO YCUAMBAKOTCH
TPEBOXHOCTb M HEraTMBHOE 3MOLMOHA/NbHOE COCTOAHWE BO BPEMS OTMEHbl BellecTBa. ITO
nobyKaaeT YenoBeKa BHOBb NpuberaTb K Npuemy BelecTsa paamu CHATUA AMCKOMPOPTa, 3aMblKas
UMKA agamKumn. MosbileHHaa BO3OYAMMOCTb amuraanbl, TakKMm obpa3om, ABaseTcA 0OWmMm
3BEHOM M A5 TPEBOXHbIX PACCTPOMCTB, M ANA 33aBUCMMOCTEN, YTO OOBACHAET 4acTyro MX
KOMopOMAHOCTb. MOHUMaHWE POAM amMUraanbl B TAaKMX MATONIOTMYECKMX COCTOAHUAX OTKPbIBaeT
HOBble TepaneBTMYeckMe MuweHu. K npumepy, BedyTCcA McCnefoBaHWA No m3bupatenbHoMy
TOPMOMEHUIO TMNEPAKTMBHbLIX HEMPOHOB LEHTPAZIbHOM aMWUrganbl C  LEAblo  YMEHbLINTb
NAaTONOMMYECKYHO TPEBOXKHOCTb Y MALUMEHTOB, CTPAAAIOLMX aIKOTOIbHOM 3aBUCUMOCTbIO.
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Pe3ynbTaThbl 1 06CyKaeHME

MpoBeAeHHbIM aHaNn3 NOATBEPKAAET KOMMIEKCHOE CTPOEHWE MUHAANEBUAHOIMO Tena u
ero wupokme ceasn. C TOYKM 3peHNs aHaTOMMKM, aMUTAaNa 3aHUMAET CTPATErMUYECKOEe NOOXKEHNE
B MeamobasasibHOM 4YacTM BMCOYHOM A0AM, KOHTAKTUPYsS C PAAOM CTPYKTYp: cnepeam — C
nepeaHenpobypaBaeHHbIM MPOCTPAHCTBOM M MONOCATbIM TEIOM (OTAENEHA OT HUX TOHKMM C/TIOEM
TaK Ha3blBaemoro 6e3bIMAHHOTO BeLWecTsa), MeaAuanbHO — C MOACHOW W3BUAMHOM uYepes
nepeLenkoByo 061acTb, NaTepanbHO — ¢ 060104KON (KNayCTpym) U BHYTPEHHEN Kancy10M, c3aam
— C XBOCTOM XBOCTaTOro A4pa M HOXKKOM GOPHMKCA. TaKaa OKPYKEHHOCTb onpeaenseT yyactme
aMuUraansl OAHOBPEMEHHO W B ODOOHATENbHbIX MyTAX, WM B 0a3aNbHbIX TFAHIAMAX, U BO
BCMOMOraTe/IbHbIX 3PUTENbHO-CYXOBbIX CBA3AX. Ha OCHOBaHWM nuTepaTypbl Oblia cocTaBaeHa
obobulatollaa cxema OCHOBHbIX addepeHTHbIX W 3bdepeHTHbIX nyTeln, CBA3bIBAOLINX
MWHOANEeBUAHOE TeNO C APYrMMK oTAenaMu mosra (Puc. 2).

AddepeHTHBIE Ty TH

Heoxopreke _
Tanamyc I'mmokammn OOoHATeIbHAS KOpPa
(CeHCOpHEIe 30HBI)
A » Mz ijlaﬂeBluHOe
BasonarepanbHas Teno
Tpymma saep
¥
KopTHnkoMmenaasHbIe
snpa
> 4+

IleHTpansHOE AAPO

SddeperTHEIE MyTH 24
v s > TlapacnMIaTirgecKie
ITepnakBeayKTaabHOE PeTnkynspHas LEeHTPEI
T'nmoranamyc
cepoe dbopmarms (sapo Gmyxxaromero
HepBa)

PUCYyHOK 2. DyHKLMOHaIbHbIE CBA3WM MUHAANEBUAHOIO Te/1a C KOPKOBbIMW, MOAKOPKOBLIMM
M CTBOJIOBbIMM LEHTPaMM

BasonaTtepanbHble A4pa MNOAYYalOT BHELHME CUTHa/bl OT KOPKOBbLIX M TaNaMUYECKMUX
obnactel, OUEHMBAOT MX 3HAYMMOCTb W MepenatoT BO3OYKAEHME Ha LEeHTpasbHOe AApO.
LeHTpanbHOoe A4p0 nocbliaeT apPepeHTbl B rMNoTanamyc, PeTURYAApHYD dopmauuio K
BeretaTMBHbIE AZpPa CTBO/A, 3aMyCKatoWMe TeNecHble NPOsSBAEHUA IMOUMI (peakumio «bein nan
6erm», 3MeHeHns cepaedYHO-CoCYyANCTON N AblXaTeNbHOM aKTUBHOCTM, TOPMOHA/IbHbIE CABUIU U
np.). Kpome TOro, LeHTpanbHaa amuraana NPoeumpyeT B napacMMnaTUYecKme LEeHTPbI M Ha AAPO
6ayxaatolero Hepsa, YTo obecrneunmBaeT TakMe peakuuu, Kak 3ammpaHue u 6paamardia npu
HEKOTOpPbIX BMAAX CTpaxa. Ha cxeme He MOKa3aHbl BO3BPATHbIE CBA3M: BAKHO OTMETUTb, YTO
rMnoTasamyc M CTBOA 4Yepe3 HepoMeamaToOpHble CUCTeMbl (0COBEHHO HOopaapPeHepPrnyeckyto)
MOTYT YCMAMBATb paboTy amuraanbl B YCAOBMAX CTPECCA, 3aMblKaa UMKA yCUAEHMA cTpaxa. ITo
MMeEeT 3HaYeHMe MNP XPOHWYECKOM TPEBOre, Koraa pPerynaTopHble TOPMO3HbIE BAMAHMUA KOpPbI
ocnabneHsi.
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CxoaHbIM 06pa3oM, NONyYEHbI AaHHbIE O BAMAHUM NPedPOHTANIbHOM KOPbI Ha aKTUBHOCTb
amuraansi. NMpedpoHTanbHblie 0baacTn (opbutTodpoHTaNbHAA Kopa, NepeaHas NoACHas U3BUANHA)
B HOPME OKa3blBalOT mMoOpMOo3AwWee BO3AEWCTBME HA MWHAANEBMAHOE TeNo, MNoAaBAAA
HeyMeCTHble WUAM M3ObITOYHbIE SMOLMOHAbHbIE BCMbIWKK. [pU HEKOTOPbIX PACCTPOMCTBAX —
Hanpumep, NOCTTPAaBMATUYECKOM CMHAPOME — OTMEYAETCs He0CTaTOYHOCTb NPedPOHTaNbHOIO
KOHTPO/IA, YTO BEAET K AM3UHTMONPOBAHUM aMUTAA bl U TMNEPPEAKTUBHOCTM CUCTEMBI CTPAxa. ITH
daKTbl NOAYEPKMBAIOT, YTO aMmUraana GyHKUMOHMPYET HE M30/IMPOBAHHO, @ KaK 3/1EMEHT C/TOXKHOWM
HelpoceTn, banaHCUpytoLLe Mexay Bo3byKAaoWMMM CUrHaAaMmn CHU3Y (OT Tanamyca M cTBOAa)
M TOPMO3HbIMW CUTHANaMM CBEPXY (OT Kopbl). B Hopme Takol 6anaHc obecneynBaeT aAeKBaTHOCTb
3MOLMOHA/IbHbIX peakumii — 4enoBek BonTca AeNCTBUTENBHO OMACHbIX CUTyaLUuMi, HO CoXpaHseT
crnokoicTeMe B HesonacHon obcTaHoBKe. HapylleHue ke pasBHoBecusa (B CMy cTpecca Wam
natonorMm) npueBoaMT AMBO K MNPUTYNAEHMIO YyBCTBA OMACHOCTM (KaK Yy MaLUMEHTOB C
NOBPEeXKAEHMEeM aMUraanbl, ONWCAHHbIX BbilWe), MO0 HANPOTMB — K MOCTOSHHOM TPEBOMKHOM
HACTOPOXKEHHOCTU (KaK Npu r’MNepakTMBHOCTM aMUTAabl Y TPEBOXKHbIX NALMEHTOB).

Pe3ynbTaTbl aHaM3a MTepaTypbl MO3BOIAOT PE3IOMMPOBATL BAMAHME MUHAANEBUAHOMO
Tena Ha NoBefeHNe 1 3MOUMMN B Pa3/IMYHbIX SKCMEPUMeEHTaNbHbIX Moaenax (Tabn. 2). Mpusenem
HECKO/IbKO MNOKa3aTe/lbHbIX MPUMEPOB U3 UCCNEA0BAHMUI HA }KMBOTHbIX U NOAAX.

Tabnunua 2 — MoBeaeHne B HOpMe W Noc/ie ABYCTOPOHHEro NOBPEXAEHWUA aMUTaabl

CuTyauma / Peakumsa B HoOpme Peakums npu  MNoBpeXAeHUn
CTUMYA (MHTaKTHaa amuraana) amuraansi

YrporKatoumi MaHWMKa WMAM CcTpax: OtcyTcTBME CTpaxa,
006beKT (3med, XMWHKK | nsberaHme 0bbeKTa, | NtobonbITcTBO:  06e3bAHa  CMOKOWHO
n  T.n.) 06e3bAHbI | AEMOHCTPAUMA  CUTHANOB | NpubamKaeTca K 0ObEeKTy, NbiTaeTca
pesyc) TpeBory; NoBbIWEHWE | TPOraTb Jaxke XUWHWKA. Y MaKaKk ¢

YPOBHA KopTu3ona n | HeoHamaneHoU amuzoanskmomuedli
afpeHannHa. Mosiodble | ommMe4yeHO CyuwecmeeHHoe CHUMeHUe
ocobu, 8bipocwiue  be3 | usbezaHua  pe3uHosol  3meu  no
0NbIMA KOHMAKMa, MAK¥e | Coa8HEeHUO c KOHMPOs1bHbIMU
UHCMUHKMUBHO Ny2atomcs | #UBOMHbIMU.

pe3uHosbix 3mell.

CoumanbHas NogynHeHne  nau HapyweHne couManbHbIX
yrpo3a (CTO/NIKHOBEHMe | M3beraHMe: MNOAYMHEHHbIe | CUTHaNoB  CTpaxa:  obesbAHa  C
c JOMUHAHTHbIM | 0ocobu NPOABAAIOT | NOBPEXAEHHON aMnUraanon He
copoamyem) NMOKOPHOEe noseAeHne, | pacno3HaeT cTaTyC AOMWHAHTA, MOXKET
Obe3bsHbl) nsberatot 3PUTENBHOrO | NPUOAMIKATLCA BMNAOTHYIO WM [aXKe

KOHTaKTa C /[IOMMHAHTOM, | MPOBOLIMPOBATL bonee cunbHoe

[epKaTca Ha [AWUCTaHUMW. | XKMBOTHOe. Bo3amorkHa napagoKcanbHas

310 obecneymBaeT | NOBbILIEHHAA peakuua TpesBorM B

nepapxmto B rpynne. HEe3HaKoOMOW COLUMANbHOM  CUTyaLmK
(60A3Hb POBECHMKOB MNpPW OTCYTCTBUM
onbiTa).
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HeonaaHHbIN HopmanbHasn OcnabneHne wAM  OTCYTCTBUE
nyratoLLmi CTUMYA | peaKkuma CTpaxa: | peakummn cTpaxa: KMBOTHOE MOYTU He
(rpomKmi 3BYK, | B34parnBaHue, 3aMmpaHme | NpoABAAeT WClyra Ha pPe3KMi 3BYyK,
«npblratowaa» (freezing) wnn  6ercTBo; | MOXeT He 3ammpaTb npw
UrpyLiKa) [pbi3yHbl, | yHaweHne cepauebuenHns. | NnoTeHUManbHOM yrpose. Y KpbiC C
06e3b5Hbl) *uneoTHOE dbopmmpyeT | paspyLueHmnem natepo-6a3anbHoM

YC/IOBHbIN pedieKc cTpaxa | amuraanbl He BbipabaTbiBaeTCA
npw MOBTOPHbIX | KNAacCUYeCcKoe YCN0BHOE 3aMMpaHme Ha
COYETaHMAX CO CTUMY/IOM | 3BYK, aCCOLMMPOBAHHDIM C LUIOKOM — OHU
(Hanpumep, TOH + yaap | He CNOCOOHbI accoumMmpoBaTb
TOKOM —> 3aMWpaHWe Npu | HEMTPaNbHbIN CTUMYN C yrpo3oi. (Mpwm
0ZHOM TOHe). 3TOM CO3HaTe/bHOe pacno3HaBaHWe
MOXET  COXPaHATbCA Yy  BbICLUIMX
KMBOTHbBIX — CM. MAUMEHT HMXKe.)

OnacHas Ctpax, u3beranue: OtcyTcTBME CyObeKTUBHOTO
cuTyauma  («KOMHaTa | 340POBbIi YyesnoBeK | cTpaxa W GU3MONOTMYECKOM peakuuu:
y»aca», BO/Mbep  C | CTapaeTcAa MNOKWHYTb | NALMEHT C ABYCTOPOHHEW
naykamMm u  3MesMM) | onacHoe MecTo, NPOABAAET | AereHepaumen amuraan (S.M.)
Yenosek) 3alLUMTHblE peakuun (NoT, | CNOKOMHO BXOAMT B «KOMHATY y»Kacay,

yyallleHre nynbca, YyBCTBO | MHTEPECYEeTCA  OKPY)KEHMEM, MOXKeT
yaca). Hanp., noceweHue | faxke CMeATbCA, He Ollyullas cTpaxa.
aTTPaKLUMOHa «10M cTpaxa» | [1pn BCTpeye C XKMBbIMM 3MeAMU U
BbI3blBaeT BbICOKMM | mMaykamMnm  —  WUCMbITbIBAaeT  CKopee
CyObEKTUBHbIN PENTUHT | NntobonbITcTBO, OepeT MX Ha  PYKM,
cTpaxa (7—8 6annos m3 8 | 3asBnas 06 omcymcmeuu cmpaxa. B
BO3MOKHbIX). bnnbmax  yxacoB —  OueHuBaeT
nyratowme cueHbl Ha 0-2 6anna cTpaxa,
TOr4a Kak KOHTPOJ/IbHbIE WMCMbITyeMble
[OAL0T BbICOKME OLEHKMN.

PacnosHaBaHue To4yHoe y3HaBaHWe CHMKeHMne cnocobHocTH
yrpo3bl  (BblpaskeHWe | HeraTMBHOM 3MOUMK: | pacno3HaTb CTpax W  HedoBepue:
NMua cTpaxa y apyrux | bnarogapsa aMUrAano- | NAUMeHTbl C MNOpaXeHWem amuraan
mopaen) Yenosek) NIOBHOM  CceTMm  YenoBeK | 3aTPYAHAOTCA ONpeaesinTb  3MOLMIO

BbiCTpO  MHTepnpeTupyeT | cTpaxa Ha doTorpaduax amu. OHK
Bblpa)KeHMe CTpaxa WAW | CKNOHHbI  cyMTaTb  Anua  bonee
FHEBA Ha YYXOM /NLE W | APYKENOOHbIMM 7
HacTOpaXkmnBaeTcA. 3T0 | NnpuBAEKaTENbHbBIMMU, 4yem nx
BaXKHbIM COLMANbHbIM | OLEHMBAIOT 340POBble NOAN. TakMm
HaBblIK, no3sonaloWmMi | obpasom,  TepseTca  COLMaNbHbIN
Pa3aenATb YyXKyl TPeBOry | «AeTeKTop OMacHOCTUY, 06bI4HO

M pearnpoBaTb Ha 0OLLyo
yrposy.

obecneymnBaembl ammraaon.

MpuBeneHHble B Tabavue 2 HabawgeHua ybeauTenbHO  MOKasblBalOT — POJb
MWHAANEBUAHOMO Tena B GOPMMPOBAHUM KaK BPOMKAEHHbIX, TaK M MPUODBPETEHHbIX peaKLmi
cTpaxa. MwuHOanesnaHoe Teno Tpebyetca Ana  Toro, 4Tobbl  Hadeaums cumyauuro
3MOYUOHA/IbHbIM 3HAYeHUEeM, OCODEeHHO B KOHTEKCTe OMacHOCTW. be3 Hero KuBoTHoE Wan
YyesI0BEK YyTPaUYMBAET YyBCTBO Yrpo3bl AaXKe B 06 bEKTUBHO ONacHbIX 06CTOATENLCTBAX. VIHTEPECHO,
YTO aMuraana Hy)KHa 1 Ans obydeHus cTpaxy: Hanpumep, oHa 3a4encTBoBaHa Npu obpasoBaHUM
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YyC/IOBHOrO pedaexkca — cBA3b 06e306MAHOr0 CTMMy/a CO CTpPallHbiM cobbiTeM (3BYK C
nocneayrolmnm yaapoM TOKa) He yCTaHaBAMBaeTCcs 6e3 y4acTns naTepasibHOro aapa aMmmuraansl. B
TO e BpPems, OCO3HaHMe ¢GaKTa OMNacHOCTU MOMKET MNPOUCXOAMTb W 0e3 amuraansl — B
KNaccuyeckom uccnenoBaHum bevapa ¢ Konneramm (1995) naumeHTKa € ABYCTOPOHHUM
noBpexaeHMeM aMmnraan (Ho MHTAKTHbIM FTMNMOKAaMMNOM) MOHMMAaNa, Kakasa CUTyaLuMs CONpsaXKeHa
C Yrpo30M, XOTA M He UCMbITbIBaa NPM STOM HOPMaAbHON GU3MONOTMYECKON PeakLMn cTpaxa. 370
NOATBEPXKAAET rMNnoTesy O NapainefibHbiX MyTAX: KOTHUTUBHbIM (TMNNOKaMnanbHbIA) NyTb AaeT
3HaHMe 06 OMacHOCTM, @ SMOLMOHA/bHbIM (aMUFAANAPHbIN) — 3anyCcKaeT CamMo YyBCTBO CTpaxa U
TENIeCHYIO PeaKLMo.

TecHas CcBA3b aMUrAa/ibl C TMNMNOKAaMIOM CTaBUT BOMPOC O ee PO/ B NpoLieccax 0by4eHus
M 3aNOMWHaHMA. TPaAMUMOHHO TUMNMNOKAMMN CYMTAOT LEHTPOM JeKNapaTMBHOM NamATh, a
aMmuraany — sMOLMOHaNLHOM NamsaTK (NamsaTn o cTpaxe). ViccnenoBaHma NOATBEPKAAOT, UTO NpU
[BYCTOPOHHEN aMUTAANIKTOMMNM KUBOTHbIE YTPAYMBAIOT PaHEEe Bbly4YeHHbIe CTPaxoBble peakuum
(Hanpumep, nepecTatoT 60ATLCA 3BYKA, paHee NpeABeLlaBllero WokK). AKTUBALMA Ke aMUraabl,
HanpPoTMB, yay4yllaeT 3anoMWUHaHWe CcobObITUIA, OCOBEHHO 3MOLMOHANLHO 3aPAMKEHHbIX. B
3KCNepMMeHTax Ha rpbli3yHax BBeAeHWe CTUMYNATOPOB apeHeprmyeckon nepeaayn B amuraany
BCKOpe nocne oby4yeHusa yCUAMBaANO AONTOBPEMEHHYIO KOHCOAMAALMIO MAMATU O CAYYMBLLEMCS.
310 npoucxoauT Hnarogaps TOMy, 4TO amMuraana  Yepe3  HelpomeamaTopbl  CcTpecca
(HopagpeHanuH W TAOKOKOPTUKOUAbI) MOANDUUMPYET aKTMBHOCTb [MMMNOKamna MU Kopbl,
«rnomevan» BOCMOMMHAHME KaK BaxKHOe. B yenoBeKke CXxoAHbIM MexaHW3M 0ObACHAET, NOYEMY Mbl
XOPOLLO NOMHMM APKME NyratoLlme A PaaoCTHbIE CODbITUA — NPU HUX aMUTAaNa akTUBMPYETCA U
KaKk Dbl «NMPOXKMUraeT» cnea NnamaTu rnyoxe.

HakoHel, WHTepeceH acneKkT y4acTMs aMuraanbl B cOUManbHbIX  QYHKUMAX U
KOMMYHMKauum. NoMMMo pacno3HaBaHMA SMOLMIM Ha nLax (0 Yem roBOPUAOCH Bbillie), aMmraana
BOB/JIEYEHA B 3IMMNATUIO, AOBEPME M NPOLLECC colmanbHoro obydeHus. MNpu ayTname, Hanpumep,
BbiABAEHbl  MOPGOODYHKUMOHANbHbIE — M3MEHEHMA  IMMOUMYECKUX  CTPYKTYp,  BK/IOYas
MUHAanesnaHoe Teno. CYMTAEeTCs, YTO HapylleHMe HopmanbHOM paboTbl 6a3onatepasibHOM
amuraanbl M CBA3aHHbIX C HEM KOPKOBbIX obaacTei NpUBOAMUT K TPYAHOCTAM B MHTEpnpeTaumm
COUMaNbHbIX CUTHANOB M MPOABAEHUIO 3MOLIMOHANBHOM OT3bIBUMBOCTU. JlloAM C ayTU3IMOM
HepeaKo AeMOHCTPUPYIOT aHOMa/IbHYHO aKTMBHOCTb aMUIAan B OTBET Ha NLA APYIUX loAeN, a
06beM MUHAANEBUAHOIO TeNa Y HUX MOXET DbiTb YBEANYEH B AETCTBE U YMEHbLLEH BO B3POC/IOM
BO3PacCTe, YTO HEKOTOpPbIE UCCAeA0BaTEeNN TPAKTYIOT Kak NPU3HaK HEMPOHAbHOW ANCHYHKLMK. B
Le/IOM, aMUrAana BbICTyNaeT YaCTblo «COLMaSbHOMO MO3ra», NMoOMOrasa OLEHWBaTb HaMepeHus
OKpYXKaoWmx (4epes MUMUKY, TOH rosioca, Npodne HeBepbaibHble CUTHA/bI) U ObICTPO BK/OYATb
COOTBETCTBYIOLIYD  3MOUMOHA/NbHYIO  PEeakuuio — HaCTOPOMKEHHOCTb  WAW, HaobopoT,
PaCMno/IoKeHne 1 Josepue.

3aknloueHmne

MuHAanesnaHoe TeNo — OAHA M3 CaMblX BaXKHbIX WMHTErPATUMBHbLIX CTPYKTYP MO3ra,
0bbeaMHAOWAA CEHCOPHblE, BUCLEpPasibHble U KOTHUTWMBHbIE  KOMMOHEHTbI  3MOLMA.
MNpoBeaeHHbIN 0630p NPOAEMOHCTPUPOBAI, YTO aMUTAANa BbINOAHAET Pa3HOOOpa3Hble PyHKLNK:
OHa 3anyCcKaeT BPOXAEHHblE peakuMM CTpaxa M  arpeccuu, ydacteyeT B BblpaboTke
9MOLMOHA/bHbIX YCNIOBHbIX pedaekcoB, MoAyMPYET MPOLECChl NMaMATH, a TaKKe BOB/EYEHA B
CUCTEMbI YA0BONBLCTBMA U NOAKPeENAeHUA. AHATOMUYECKN MUHAANEBUAHOE TENO BKIOYEHO B [1Ba
nepeceKaroLmXca NMMOMYECKMX KOHTYpa — TMNMNOKAMMO-TaNaMOKOPKOBbLIA (4NA co3aaHuA
CyObEKTMBHOTO OMbITa SMOLMK) Y aMUTAANO-TUNOTANAMO-CTBONOBBIN (41A peanu3aumm TeNeCHbIX
peakumit). HopmanbHaa pabota 3TMX KOHTypoB obecneumBaeT afeKBaTHbIM  HanaHc
3MOLMOHA/NbHBIX COCTOAHWN. HapyleHWe OeATeNbHOCTM amurgansl — OyAb TO CTPYKTypHOe
nospexaeHne v QyHKUMOHaNbHbIM AncbanaHC — BeAEeT K BblPaXKeHHbIM MOBEeAEHYECKUM WU
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NCUXMYECKUM M3MEHEHMAM: OT NAaTONIOrMYyecKoro 6eccTpalima 1 arHo3um cTpaxa 40 Ype3MepHon
TPEBOXHOCTM, MAHUKN M arpeccum.

B 3ak/toyeHMe cnedyeT noA4epKHYTb, YTO MUHAANEBUAHOE TENO — 3TO HE MPUMUTUBHbIN
«UEHTP OAHON 3MOLMWY», a CAOMHbIA y3en, GOPMUPYIOLWLMIA 3MOLMOHANbHLIN KOHMeKcm
noseAeHWs. AMUIAana y4uT Hac comnepexmBaTb CTpax M 60Ab Apyrux, 3acTaBnser usberaTb
OMaCHOCTEMN, HO TaK!Ke MNOMOraeT CTPEMMUTLCA K MOMOMKUTENbHBIM LENAM M 3aNOMMHATL BaXKHble
cobbITHA.
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Today, one of the most important postulates of the oncology service continues to be the
early diagnosis of malignant tumors. The purpose of screening is to identify asymptomatic
(preclinical) cancer or precancerous conditions in an otherwise healthy target population. In this
case, screening plays a leading role in secondary cancer prevention. The key concept of cancer
screening is to identify pathology at a stage of development when the effectiveness of treatment
is maximum and the prognosis is most favorable. When precancerous diseases are detected during
screening, secondary prevention methods allow to prevent the transition of the initial pathological
state to cancer. In this case, the main conditions for screening are the presence of trained
personnel and a standard approach to identifying the trait being studied and evaluating the
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results. The methods used must be sufficiently simple, reliable and reproducible, as well as have
sufficient sensitivity and high specificity [1-3].

Screening plays an important role in improving early diagnosis and treatment outcomes.
According to the Guide to Cancer Early Diagnosis by llbawi A. et al. [4], screening aims to detect
unrecognized cancer or its prior lesions in a typically healthy, asymptomatic population through
tests or other procedures that can be applied quickly and are widely available to the target
population. In screening, the target population is assessed for unrecognized cancer or precancer,
and most people tested will not be diagnosed with the disease. Screening should be seen as a
process and not as the performance of a specific test, examination, or procedure. The screening
process includes a system of informing and inviting the target population to participate;
administering the screening test; following-up with test results and referral for further testing
among those with abnormal test results; ensuring timely pathologic diagnosis, staging and access
to effective treatment with routine evaluation to improve the process. A screening program
encompasses the process from invitation to treatment and requires planning, coordination and
monitoring and evaluation.

To date, the republican oncological screening program includes three nosological forms of
malignant neoplasms - cervical cancer (CC), breast cancer (BC), colorectal cancer (CRC). Let's
consider the current epidemiological indicators, methodology and results of cancer screening in
our country.

CC in the structure of all malignant tumors of both sexes of the population in 2022 took
6th place with a share of 5.51% (2021 - 4th place, 5.54%), in women - stable 2nd place - 9.7%
(9.7%) [5].

The incidence rate per 100 thousand population increased from 9.4 to 9.92. In 10 regions
of the republic, the incidence rate is higher than the national average: Pavlodar - 17.2 per 100
thousand people (2021 — 16.7) —the highest level, East Kazakhstan —14.3 (10.8), North Kazakhstan
—14.3 (10.2), Atyrau —13.2 (13.8), Zhetysu - 11.7, Karaganda - 11.7 (12.0), Abay - 11.1, Akmola -
11.1(11.9), Mangistau - 11.1 (9.7), Kostanay - 10.8 (10.6) regions.

Low incidence rates in Zhambyl region - 5.8 per 100 thousand population (5.7), Turkestan
region - 6.1 (5.2), Aktobe region - 8.3 (11.6), Kyzylorda region - 8.5 (8.2) areas.

CC in the structure of causes of death from malignant tumors of the population of both
sexes in 2022 rose from 9th to 8th position, with a share of 4.6% (2021 - 4.3%), mortality from CC
is stable at 3.1 per 100 thousand population (3.1).

The mortality rate from CC in 10 regions is higher than the national average: Akmola - 4.2
per 100 thousand population (2021 - 3.1) - maximum level, West Kazakhstan - 4.1 (4.8), Pavlodar
- 3.8 (5.6), Almaty — 3.7 (2.5), Zhetysu — 3.7, Atyrau — 3.4 (4.0), East Kazakhstan — 3.3 (3.8),
Karaganda - 3.2 (4.7), Kostanay - 3.2 (2.4) regions and Almaty city - 3.4 (2.9).

Below the national average, mortality was recorded in Abay region, cities Astana,
Shymkent - 2.9 per 100 thousand population, Mangistau - 2.8 (3.0), Turkestan - 2.3 (2.2), Aktobe
- 2.2 (3.0), North - Kazakhstan - 2.0 (2.6), Kyzylorda regions - 1.7 (3.5) - the best result [5].

In 12 regions, a 100% level of morphological verification of the diagnosis was ensured, the
lowest or worst indicator for the third year was in the Kyzylorda region - 94.3%, below the national
average indicators in Akmola - 98.8%, Atyrau - 98.9%, Kostanay - 98, 9%, Mangistau - 97.6%,
Pavlodar - 96.6%, regions and Almaty city - 98.5%;

In a number of regions, the frequency of diagnosis of stage I-ll CC was below the national
average (88.1%) - in Akmola - 76.2% (2021 - 73.6%) - the worst result in the country, in Karaganda
- 77, 2%, Zhetysu - 82.9%, Abay - 83.8%, Kostanay - 84.3%, Aktobe - 85.5%, West Kazakhstan -
85.7%, Pavlodar - 81.3%, while that in the Atyrau region - 100.0% result.

The proportion of stage IV CC is higher than the national average (2.7%) in the following
regions: the worst result is in Zhetysu (6.1%), above the national average in Karaganda - 5.1%
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(2021 - 5.6%), Akmola - 4.8% (2.3%), Kostanay - 4.5% (4.4%), North Kazakhstan - 3.9% (7.4%),
Almaty - 3.7 % (5.1%), Zhambyl - 2.9% (0.0) regions, cities Almaty — 3.6% (1.8%) and Shymkent —
3.8% (5.9%). The lowest neglect is in the East Kazakhstan region - 1.0% (0.7%).

Late diagnosis rates (llI-IV stages) for CC are above the national average - 11.9% (15.4% in
2021) were noted in Akmola - 23.8% (2021 - 26.4%) - worst result, Karaganda - 22.8% (35.2%),
Pavlodar - 18.8% (20.8%), Zhetysu - 17.1% (24.2%), Abay - 16.2% ( 12.8%), Kostanay - 14.6%
(15.6%), Aktobe - 14.5% (9.6%), West Kazakhstan - 14.3% (32.4%) regions. The lowest neglect is in
the Mangistau region - 6.0% (20.8%).

Across the country, the five-year survival rate of patients with CC registered in 2018 was
59.9% in 2022, with a decrease from the level of 2021 (67.5% for those registered in 2017), and
with a significant range in by region, from the maximum — 72.9% (2021 — 70.7%) in the North
Kazakhstan region, to the minimum — 34.9% (64.4%) in the Atyrau region [5].

CC screening is a periodic, comprehensive examination of women of a certain age group
as part of a special medical program to prevent and reduce incidence and mortality from CC.

Type of screening - population. The purpose of screening is to identify pre-invasive diseases
of the cervix with subsequent recovery. The screening method is a cytological examination of a
smear for oncocytology from the cervix (traditional and liquid cytology). Coloring according to the
"Papanicolaou test" (Pap test). Interval - 1 time in 4 years. Target group: women aged 30-70 years
who are not registered in the dispensary for CC. The expected results are a decrease in incidence
and mortality from CC.

Screening steps:

1) Preparatory - formation of target groups, information support and invitation to
screening. The preparatory stage is carried out by the nurses of the primary health care
organization responsible for preventive measures and includes: annual compilation of a list of
women subject to screening in the coming year by November 15 of the current year, followed by
monthly correction; informing target groups of the female population about the need for
screening; screening invitation; ensure timely screening.

2) Screening - filling out a statistical card of a preventive medical examination (screening)
of an outpatient (form 025-08/y), a register of patients subject to cytological screening and taking
material for cytological examination from the cervix. The screening examination of the target
groups of the female population is carried out by a specially trained midwife of the primary health
care organization.

3) The final one is obtaining the results of cytology, informing the woman and developing
further management tactics, fill out accounting and reporting statistical documentation.
Responsible for the final stage of screening is the obstetrician-gynecologist of primary health care
[6].

Cytological screening of CC is a complex of organizational and medical measures aimed at
early detection of precancerous and neoplastic diseases of this localization and at reducing the
mortality of this cohort of patients. For traditional cytology, a smear containing 8-12 thousand
cells of stratified squamous epithelium (including cells of metaplastic epithelium) is considered
adequate; for liquid cytology - 5 thousand cells. For both methods, the number of cells of
endocervical epithelium and/or metaplastic epithelium (from the transformation zone) must be
at least 10 (single or in clusters). If more than 75% of the cells of the stratified squamous
epithelium are covered with erythrocytes, leukocytes, etc., then the quality of the smear is
considered unsatisfactory.

Interpretation of the results of a cytological study is carried out according to the Bethesda-
terminology cytological system:

Intraepithelial changes and malignant processes are absent (NILM). This group includes
cytological conclusions about the normal state of the epithelium, as well as the presence of various
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non-neoplastic diseases. Normally, squamous epithelial cells, groups of cells of columnar
epithelium and metaplastic epithelium, a small number of leukocytes, and rod/mixed microflora
are found in preparations. In the presence of non-neoplastic processes, their nature and, if
possible, the cause are specified: atrophic changes, reactive changes associated with
inflammation, including typical regeneration. In addition, the presence of microorganisms is
indicated: Trichomonas vaginalis, fungi, morphologically corresponding to Candida spp., bacterial
vaginosis, cellular changes corresponding to the defeat of Herpes simplex virus, squamous
epithelial cells with atypia of unknown significance (ASC-US), squamous epithelial cells with atypia
of unclear significance, not excluding the presence of a high degree of intraepithelial changes
(ASC-H). Low-grade squamous intraepithelial changes (LSIL) include lesions associated with HPV
and CINI, high-grade squamous intraepithelial changes (HSIL) include CINII, CINIII, carcinoma in
situ and cases suspected of invasion, squamous cell carcinoma, cervical (glandular) epithelium
with atypia of unknown significance, cells of the cervical (glandular) epithelium, possibly neoplasia,
endocervical adenocarcinoma in  situ, endocervical adenocarcinoma, endometrial
adenocarcinoma, secondary adenocarcinoma, unclassified carcinoma, other malignant tumors.

There are certain features when taking material for oncocytology: firstly, the examined
woman should be informed about the exclusion of sexual intercourse, vaginal manipulations,
including douching, baths, tampons, etc. 2 days prior to sampling. Taking material for cytological
examination is carried out by the midwife of the examination room of the department of medical
examinations of the primary health care organization: the traditional method (2 glasses - with
obligatory fixation in 96% alcohol, it is preferable to use glass slides with a polished edge, which
are easily marked) or the liquid cytology method (one container with stabilizing liquid ); the code
or surname of the patient, identical to the code and surname in the form for sending material for
cytological examination, should be clearly marked on the glasses or container [6].

At the same time, when using the traditional method, the biomaterial is delivered to the
cytological laboratory as soon as possible after its collection in specialized containers for glass
slides with 96% alcohol. If there are visible visual changes in the cervix, then the material is taken
from the woman and, without waiting for the results, she is referred for an examination by an
obstetrician-gynecologist.

A cytological study is carried out in centralized cytological laboratories at oncological
institutions, where an archive of cytological preparations of patients involved in the screening
examination is formed, regardless of the result, for a period of at least 10 years with the formation
of a computer database.

What material and technical equipment is required to take material for a Pap test? It is as
follows: soap and water for washing hands, a light source for cervical examination, a gynecological
chair, a disinfected speculum and gloves, an Eyre spatula, a glass slide and a marking pen, a
container with a stabilizing solution for liquid cytology, a fixative solution (96% alcohol), a
container with warm water for lubricating and warming the vaginal mirrors, a 0.5% chlorine
solution for disinfecting gloves and instruments, or another approved for this purpose. And, of
course, the registration form itself.

For carrying out liquid cytology, you additionally need: a disposable cervix brush, a
container with a stabilizing solution for liquid cytology, and a fixing solution.

At the same time, a smear for oncocytology cannot be taken: during menstruation, earlier
than 48 hours after sexual contact or after using lubricants, vinegar or Lugol solution, tampons or
spermicides, after vaginal examination or douching, and also during the treatment of genital
infection.

Now, regarding the results of CC screening. In 2022, 771,282 women of the target group
aged 30 to 70 years were examined during cytological screening (in 2021 - 757,454).

During cytological screening in 2022, 392 cases of cervical cancer were identified (319 in
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2021). The detection rate increased from 0.42 to 0.51 per 1000 women examined

High detection of CC during screening is ensured in Aktobe, Almaty, Atyrau, East
Kazakhstan, Kyzylorda, Pavlodar, North Kazakhstan, Turkestan regions and Shymkent city. The
detection rate in these regions ranges from 0.55 to 1.59 per 1000 women examined. The best
indicator is in Atyrau region - 1.59. Compared to 2021, there is an increase in detection in 10
regions, with the exception of Akmola, Aktobe, Zhambyl, Kostanay, Mangistau, North Kazakhstan
regions and Shymkent city. The worst result in Astana is 0.15 per 1000 women examined [5].

Cytologically, cervical precancer was detected in 1.16% of those examined (2021 —0.99%).
The detection rate of precancer below 0.6% (the planned indicator for 2022, according to the
Comprehensive Plan) was noted in Aktobe, Karaganda and Kostanay regions.

A high proportion of stage | CC (70% or more) was detected in 6 regions of the country (in
8 in 2021): Kostanay, Mangistau (94.7% - best result), North Kazakhstan, Turkestan regions, cities
Almaty and Astana. Low levels of early detection of CC (below 50%) were not observed in any
region.

Localized processes (stages I-Il) were identified in 99.2% of all cases of detected cancer
(96.5%). In the Akmola and Karaganda regions, cases of CC were identified not only in localized,
but also in widespread stages of the process. A total of 3 cases of CC in stage Il and no cases in
stage IV were identified (11 and O, respectively) [5].

BC ranks first in the structure of the frequency of malignant tumors of both sexes in the
population with a share of 14.7% (2021 - 15.4%). This situation has been stable since 2004; in
addition, BC ranks first and remains consistently in this position in the structure of female
oncopathology. The incidence of BC in 2022 in the country as a whole increased to 26.5 per 100
thousand (2021 — 26.3). In the structure of cases, BC occupies the 1st ranking place in the vast
majority of regions and cities of the country, except for three: Akmola, Kyzylorda and North
Kazakhstan regions, where lung cancer takes the 1st ranking place [4].

Above the national average - 26.5 per 100 thousand of us. — incidence of BC in 10 regions
of the country: Abay — 33.3, Akmola — 32.7 (2021 — 29.8), East Kazakhstan — 44.7 (39.9) — the
highest level, West Kazakhstan — 31.2 (28.4), Karaganda — 40.2 (40.1), Kostanay — 37.5 (35.8),
Pavlodar—43.2 (47.4), North Kazakhstan —34.7 (38.2) regions and Almaty city — 35.4 (34.5), Astana
city —31.5 (28.4). Below average indicators per 100 thousand of us. in Aktobe - 21.6 (24.3), Almaty
-21.9 (17.7), Atyrau - 22.8 (15.7), Zhambyl - 14.2 (15.1), Zhetysu - 22.8, Kyzylorda - 14.6 (14.4),
Mangistau - 14.7 (17.3), Turkestan - 11.3 (11.7) regions and Shymkent city - 14.9 (21.9) [5].

BC ranks third in the structure of causes of death from malignant tumors in the population
of both sexes for the thirteenth year in a row, amounting to 8.1% in 2022 (2021 — 8.7%). In the
republic as a whole, mortality from BC decreased by 13.0%, from 6.2 to 5.4 per 100 thousand
people.

The regions where mortality from BC is higher than the national average include: Abay -
10.1 per 100 thousand people (maximum level), East Kazakhstan - 8.0 (2021 - 8.5), Pavlodar - 7.1
(10.0), North Kazakhstan - 7.0 (11.4), Kostanay - 6.9 (7.5), Akmola - 6.5 (8.2), West Kazakhstan -
5.7 (6.9), Zhambyl - 5.5 (4.8) and Astana city — 6.3 (6.6), Almaty city — 6.6 (9.5). The indicators are
significantly lower in Aktobe - 4.5 (3.5), Almaty - 4.5 (5.8), Zhetysu - 4.0, Atyrau - 3.7 (3.0),
Kyzylorda - 4.4 (4.1), Turkestan - 3.6 (3.6), Mangystau regions - 2.7 (3.6) - the lowest level [5].

Mass screening to identify BC patients should mainly involve healthy women without any
signs of the disease or symptoms. Screening not only helps to detect hidden forms of cancer that
can be treated, but also has psychological value for women. As a result of screening, women are
convinced that they do not have BC, and this is the most important potential success of such
programs. While the ultimate goal of screening is to reduce BC mortality, its immediate goal is to
detect cancer before clinical manifestation. However, BC is a heterogeneous disease, which can
significantly affect the effectiveness of screening. Screening models for BC are usually based on
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the fact that the majority of detected tumors are invasive cancers in the early stage of progression.
In addition, it must be taken into account that the detection of cancer (or its precursors) before
clinical manifestation increases the risk of false positive diagnosis [7,8].

Mammography has a sensitivity of 95% and a specificity of 97%. These indicators decrease
when examining women with denser mammary glands (young age, use of hormone therapy), with
low quality mammography, and also with insufficient qualifications of the radiologist. Detection of
high-grade invasive cancer by screening, when the tumor is not yet detected by clinical
examination (palpation), means the possibility of reducing mortality from BC [9].

Preventive screening for early detection of BC in the Republic of Kazakhstan includes [10]:

1) mammography of both mammary glands in two projections - direct and oblique in the
mammography room of the city, district polyclinic (mobile medical complex). All digital
mammograms in the presence of a system for archiving and transferring medical images are
copied to CDs and other electronic media and transferred to the server of the mammography
room of the Cancer Center using specialized licensed software integrated between medical
organizations; in case of impossibility of digital transmission - they are printed on X-ray film at a
scale of 1:1 - 100% (1 patient - 1 set - 2 or 4 mammograms) with subsequent transfer to the
mammography room of the Cancer Center;

2) interpretation of mammograms according to the BI-RADS classification (MOt, MOd, M1,
M2, M3, M4, M5) by two or more independent radiologists of the same medical organization -
double reading or different medical organizations: a radiologist of the mammography room city,
district polyclinic (mobile medical complex) - the first reading, and the radiologist of the
mammography room of the Cancer Center - the second reading;

3) in-depth diagnostics - targeted mammography, ultrasound examination (hereinafter -
ultrasound) of the mammary glands, trepanobiopsy, including under ultrasound or stereotaxic
control for histological examination, which is carried out in case of detection of pathological
changes on mammograms (MO0d) in the mammography room of the Cancer Center.

V An average medical worker or a responsible person of the organization of outpatient care
sends the patient for mammography to the district, city polyclinic.

V The X-ray laboratory assistant of the mammography room of the city, district polyclinic
(mobile medical complex) performs mammography, fills out a referral for double reading of
mammograms and transmits the referral through information interaction.

Radiologist of the mammography office of the city, district polyclinic (mobile medical
complex): fulfills the requirements for the safety and quality of mammographic examinations;
evaluates the quality of the images provided and the correctness of the installation; performs
repeated mammography in the MOt category (technical errors of mammography); determines the
radiological density of the mammary glands on the ACR scale (A, B, C, D) indicating this parameter
in the study protocol; conducts the first reading of mammograms with interpretation of the BI-
RADS classification results. In the MOd category (undetermined or suspicious radiological changes
requiring additional examination), the study protocol indicates the predominant pathology:
education, asymmetry, violation of architectonics, microcalcifications; sends mammograms,
electronic copies of mammograms through the archiving system and transfer of medical images
to the workplace of the mammography office of the Cancer Center together with directions for
double reading of mammograms; directs low—dose computed tomographic images through the
system of archiving and transferring medical images to the workplace of the computer
tomography office of the Cancer Center together with copies of images recorded on CD-ROMs or
other electronic media and directions for double reading.

’ The radiologist of the mammography room of the Cancer Center: evaluates the quality
of the provided images and the correctness of the styling. Viewing digital x-ray images transferred
to the server or on digital media (CD, DVD) is carried out on a monitor for interpreting digital x-ray
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images with a resolution of at least 5 megapixels, which has a certified grayscale transmission in
accordance with the DICOM standard; conducts a double (second) reading of mammograms with
the interpretation of the results according to the BI-RADS classification, using, if necessary, archival
images. Organizes the third reading according to indications. With double reading, an independent
interpretation of the images is carried out (blinding method - the second radiologist does not know
the results of the first reading); in the MOm category (technical errors in mammography),
recommends repeat mammography; in the MOd category (uncertain or suspicious radiographic
changes requiring additional examination), the study protocol indicates the predominant
pathology: education; asymmetry, violation of architectonics, microcalcifications; recommends
that the outpatient care organization, according to indications, invite the patient for in-depth
diagnostics (targeted mammography, ultrasound of the mammary glands, trephine biopsy,
including under ultrasound or stereotaxic control, followed by histological examination of the
material); collects and archives all mammograms (films and electronic media) made as part of the
examination. The shelf life of mammograms is at least 3 years after leaving the age subject to a
screening study; the results of the double (second) reading are transferred to the outpatient care
organizations through information exchange.

‘ Indications for in-depth diagnostics are the conclusions of double reading
mammograms MOd (uncertain or suspicious X-ray changes requiring additional examination).

‘ In-depth diagnostics is carried out in two stages. At the first stage, ultrasound is
performed, according to indications, targeted mammography, possibly with an increase (with
asymmetry, violation of architectonics and the presence of microcalcifications). When visualizing
a suspicious pathology (M4 and M5), the second stage is performed - trepanbiopsy, including
under ultrasound control and stereotaxic control for histological examination.

‘ Histological examination is carried out in the laboratory of pathomorphology or
pathological bureau. Morphological interpretation of the biopsy is carried out in accordance with
the recommendations of the World Health Organization.

‘ Physician or responsible person of the outpatient care organization:

1) upon receipt of a mammography result according to the BI-RADS classification:

- in case of MOt (technical errors in mammography) - sends the patient for a second X-ray
examination to the mammography room of the city, district polyclinic (mobile medical complex);

- with M0Od (undefined or suspicious X-ray changes requiring additional examination) -
sends the patient for in-depth diagnostics to the mammography room of the Cancer Center;

- with M1 (no changes detected) - recommends that the patient undergo a follow-up
mammography examination after 2 years. With radiological density of the mammary glands, C and
D are sent for ultrasound of the mammary glands to exclude a false-negative result of
mammography;

- with M2 (benign changes), refer the patient for a consultation with an oncologist
(mammologist) of the clinical diagnostic department, followed by a screening mammography
examination after 2 years;

- with M3 (probable benign changes) - sends the patient for short-term dynamic radiation
observation to the local doctor with the recommendation of control mammography or ultrasound
in 6 months;

- with M4 (signs that cause suspicion of malignancy), M5 (practically reliable signs of
malignancy) and if it is technically impossible to perform a trepanbiopsy or a biopsy is refused, a
referral to an oncologist (mammologist) of the clinical diagnostic department for dynamic
observation and decision on the verification of the identified pathology;

2) upon receipt of the result of a histological examination:

- benign education - refers the patient to an oncologist (mammologist) of the clinical
diagnostic department for dynamic monitoring, followed by a screening mammography
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examination after 2 years;

- formation with an indeterminate malignant potential or carcinoma in situ - refers the
patient to the Cancer Center for consultation and treatment, followed by dynamic observation by
an oncologist (mammologist) of the clinical diagnostic department at the place of her attachment;

- malignant neoplasm - refers the patient to the Cancer Center for treatment and follow-
up;

3) communicates the results of the screening examination to the patient in any available
way (by telephone, in writing, through electronic means of communication);

4) enters the results of double reading, in-depth diagnostics, histological examination,
recommendations of the radiologist of the Cancer Center mammography room into the
information system.

Establishing the size of the primary tumor is especially important in screening. Tumor size
is an important criterion for evaluating the quality of screening and determining the ability of X-
ray mammography to detect non-palpable tumors. Therefore, it is extremely important that
pathologists measure tumor diameter as accurately as possible. The smaller the size of the primary
tumor, the greater the likelihood of error in determining its size.

Let's analyze the results of BC screening. Mammography screening identified 1,570 cases
of BC in 2022 (1,402 in 2021). The cancer detection rate increased from 1.78 to 1.94 per 1000
examined. The best result is in the Karaganda region — 2.63 per 1000 women examined. Low
detection rate per 1000 examined, compared to the republican average, in Atyrau (1.72), Zhamby!l
(0.58), Kyzylorda (1.68), Mangistau (0.42 - worst result), Turkestan (1.22) regions and cities Astana
(1.5) and Shymkent (1.58). Compared to 2021, there was an increase in the detection of BC in 9
regions, with the exception of Aktobe (decrease from 2.87 to 2.19 per 1000 women examined),
Karaganda (from 2.73 to 2.63), Mangistau (from 1.10 to 0.42), North Kazakhstan (from 3.27 to
2.31), Turkestan (from 1.36 to 1.22) regions and cities Astana (from 1.54 to 1.50), Almaty (from
2.24 to 2.18) and Shymkent (from 2.35 to 1.58) [5].

In 2022, the proportion of patients identified during screening studies with early stages of
BC (stage 0-1) was 50.2% during screening (in 2021 - 47.9%). A high proportion of stages 0-1 BC
(over 50%) was recorded in 8 regions (in 8 in 2021): Akmola, West Kazakhstan, Karaganda (70.8%
- best result), Pavlodar, North Kazakhstan, Turkestan regions, cities Astana and Shymkent. Low
levels of early detection of BC (below 40%) were noted in Aktobe (19.3% - worst result), Zhambyl
(34.8%), Kostanay (39.5%), Mangistau (27.3%) regions and Almaty city (37.3%). Localized cancer
(O-land Il stages) amounted to 96.2% (2021 - 95.5%), while not a single case was detected in stages
-1V in Atyrau, West Kazakhstan, Zhambyl, Kyzylorda, Mangistau, Pavlodar regions, cities Astana
and Shymkent. A total of 46 cases of breast cancer in stage Il and 14 in stage IV were identified
(52 and 11, respectively) [5].

Epidemiological indicators of CRC in the form of colon cancer and colorectal cancer are
considered separately for objective reasons.

Colon cancer with a specific gravity of 5.53% (2021 - 5.2%) in the structure of
oncopathology of both sexes of the population has risen to 5th place, in men it remains in 6th
place - 5.8% (5.5 %), for women - in the 5th - 5.3% (4.91%) The incidence rate of cancer of this
localization in the country in the reporting year increased from 8.8 to 9.95 per 100 thousand
population.

The incidence of colon cancer in 10 regions is higher than the national average - 9.95 per
100 thousand population: Kostanay - 20.7 (2021 - 15.9), Pavlodar - 18.8 (15.3), North Kazakhstan
- 18, 0 (12.7), East Kazakhstan - 16.9 (13.4), Karaganda - 15.4 (15.0), Akmola - 14.6 (10.2), West
Kazakhstan - 11.0 ( 10.1), Abay - 10.0 (9.0) regions and cities Almaty — 12.8 (12.1) and Astana —
10.5 (9.0). As in 2021, colon cancer was detected much less frequently in Turkestan - 3.1 per 100
thousand population (2.7), Kyzylorda - 4.1 (4.6), Zhambyl - 5.5 (5.8), Almaty - 6.3 (4.7), Zhetysu -
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6.4, Mangistau - 6.8 (4.9) regions and Shymkent city - 5.0 (4.0) [5].

Rectal cancer in the structure of malignant neoplasms of both sexes retains 7th place in
rank with a specific gravity of 4.9% (2021 - 4.92%), but in men it dropped from 4th to 5th place -
6.1%, for women — from 9th to 10th — 4.0%. The incidence rate per 100 thousand population
increased from 8.4 to 8.8.

A high incidence rate was recorded in Kostanay - 17.8 per 100 thousand population (2021
- 16.2), East Kazakhstan - 17.7 (13.9), North Kazakhstan - 15.6 (15.1), Paviodar — 14.9 (18.1),
Karaganda — 13.3 (11.7), Abay — 12.9, West Kazakhstan —12.9 (9.8), Akmola — 10.3 (13.1) regions
and Astana city —10.3 (9.0). Traditionally, a low incidence of rectal cancer is observed in Mangistau
-3.1(2.8), Turkestan - 3.3 per 100 thousand population (2.7), Zhambyl - 3.7 (5.1), Kyzylorda - 4, 1
(5.3), Almaty — 5.3 (5.6) regions and in Shymkent city — 5.5 (5.0) [5].

Rectal cancer in the structure of causes of death from malignant neoplasms of the
population of both sexes in 2022 remained in 5th place with a share of 5.41% (2021 — 5.41%). In
the republic as a whole, the mortality rate from this form of cancer was 3.6 per 100 thousand
population (3.87).

The mortality rate per 100 thousand population was higher than the national average in
East Kazakhstan - 7.8 (2021 - 8.6) - the maximum level, Pavlodar - 7.5 (7.6), Abay - 5.9, North
Kazakhstan - 5.8 (4.3), Kostanay - 4.9 (4.9), West Kazakhstan - 4.8 (4.2), Karaganda - 3.8 (5.2)
regions. Below the national average - 3.8 per 100 thousand population, mortality in Aktobe - 3.2
(4.1), Almaty - 2.6 (2.6), Atyrau - 2.5 (3.4), Zhetysu - 2, 6, Zhambyl - 3.3 (2.7), Turkestan - 2.1 (1.6),
Mangistau - 1.9 (1.2), Kyzylorda regions - 1.8 (2.1) - the lowest figure , and cities Almaty — 3.7 (4.3),
Shymkent — 2.6 (2.1).

Colon cancer in the structure of causes of death from malignant neoplasms of the
population of both sexes in 2022, as in 2021, ranks 6th, with a share of 5.2% (2021 — 5.0%). At the
same time, the mortality rate in the country decreased by 5.6%, from 3.6 to 3.4 per 100 thousand
population.

Mortality rates in 10 regions are higher than the national average: East Kazakhstan - 7.1
per 100 thousand population (2021 - 5.1) - maximum level, Pavlodar - 5.6 (6.0), Kostanay - 5.3
(5.6), Akmola — 5.2 (3.8), Abay — 5.1, Karaganda — 5.1 (5.6), West Kazakhstan — 4.8 (4.4), North
Kazakhstan — 4.8 (5.0) regions and cities Astana — 3.6 (2.7), Almaty — 4.5 (5.3). Low mortality rates
from colon cancer were noted in Kyzylorda - 1.2 per 100 thousand population (2.7) - the best
result, Turkestan - 1.3 (1.7), Mangistau - 1.6 (2.6), Aktobe — 2.0 (2.5), Zhetysu — 2.4, Zhambyl — 2.5
(3.7), Atyrau — 2.5 (1.8), Almaty — 2.6 (1.8) regions and cities Astana — (2.7), Shymkent — (2.4).

For colon cancer (94.0%) - 100% verification level was achieved in 3 regions (Abay, Almaty
and Turkestan regions), high rates in the Astana city (98.5%), Shymkent city (98.0%), Zhambyl
(98.4%), Atyrau (98.2%) regions, low — in Akmola region (86.7%), Almaty city (84.3%), in the
Kyzylorda region (61.8%) — the worst result since 2017.

For rectal cancer (97.4%) - in 6 regions there is a 100% verification level, the worst level is
still in the Kyzylorda region - 85.3%, lower than the republican average in the Akmola region -
92.6%, Aktobe region - 96 .8%, Mangystau region - 87.0%, Pavlodar region - 95.3%, Almaty city -
93.2% [5].

The frequency of diagnosis of stage |-l rectal cancer, as a visually accessible localization
(68.9% - national average) in the regions, was: in Akmola - 34.6% - the worst result, as in 2021, in
the country ( 2021 - 44.1%), Mangistau - 47.8%, Abay - 53.9%, West Kazakhstan - 59.1%, Almaty -
66.2%, Zhetysu - 68.6%, Karaganda - 65, 7% regions and Shymkent city - 62.9%.

For colon cancer (52.4%), early diagnosis rates are higher in Pavlodar (65.9% - best result),
Abay, Aktobe, Atyrau, East Kazakhstan, Zhambyl, Zhetysu, Karaganda, Kostanay, Pavlodar, North
Kazakhstan, Turkestan regions and Shymkent. The lowest figure (23.5%) is in the Kyzylorda region.

For colon cancer (17.3%), the rates of neglect at stage IV are higher - in Akmola - 31.0% -
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the worst result (2021 - 20.3%), Zhetysu - 27.3%, Abay - 23.1% , Turkestan - 22.2% (29.1%),
Karaganda - 28.1% (28.6%), West Kazakhstan - 18.8% (8.2%), Mangistau - 17.6% (19 .4%) regions
and cities Astana - 18.0% (22.9%), Shymkent - 20.0% (22.7%). The lowest level of neglect is 2.9%
in the Kyzylorda region (7.9%).

The proportion of stage IV in rectal cancer (13.1%) is higher in Akmola - 29.6% - the worst
result (2021 - 19.4%), Abay - 19.7%, Kyzylorda - 17.6% ( 9.1%), Karaganda - 16.9% (28.4%), Almaty
-15.6% (17.0%), Kostanay - 14.8% (11.1%), Zhambyl - 13.3 % (13.6%) regions and Shymkent city -
14.5% (12.5%). The lowest level of neglect - 6.0% - is in the Atyrau region (12.5%).

Late diagnosis of rectal cancer as a visually accessible localization (stages IlI-IV) in 2022
amounted to 31.1% (in 2021 - 33.5%).

For rectal cancer, the level of neglect is higher than the national average - 31.1%, the
indicators in Akmola - 65.4% (2021 - 55.9%) - the worst result in the country, Mangistau - 52.2%
(38.1%), Abay — 46.1% (30.6%), West Kazakhstan — 40.9% (25.4%), Karaganda — 34.3% (46.5%),
Almaty — 33.8% (35.7 %), Zhetysu - 31.4% (34.1%) regions and Shymkent city - 37.1% (42.9%). The
lowest neglect is in the Atyrau region - 12.0% (17.5%).

In the country as a whole in 2022, the five-year survival rate of patients with CRC registered
in 2018 decreased to 40.4% (2021 - 52.9% for those registered in 2017); there is a significant
dispersion of indicators by region, from maximum — 56.1% (47.5%) in the Kyzylorda region, to
minimum — 24.3% (51.5%) in the Aktobe region [5].

Screening of CRC screening is the systematic use of screening studies in an asymptomatic
population. The purpose of screening is to identify people with abnormalities suggestive of CRC.
These persons in the future need additional examination to clarify the diagnosis. Opportunistic
screening is the non-systematic use of screening tests in routine medical practice. A screening
program is much more challenging than an early detection program. At the same time, the success
of the screening program is largely determined by the awareness of the population and medical
workers about the possibilities of early diagnosis of CRC. The feasibility of a screening program is
determined by several factors that relate to the disease being screened, the screening test, the
characteristics of the population, and the characteristics of the healthcare system.

The first factor is that the disease must be well understood, common enough in the target
population to justify screening, have a recognizable early stage; treatment of the disease at an
early stage should be more effective than at a later stage.

The second is that the test should be characterized by sufficient sensitivity, i.e. the ability
to detect cancer among people with the disease; sufficient specificity - the probability that among
people who do not have a disease, the test result will be negative; have a high positive predictive
value (positive predictive value) or, in other words, the likelihood that people with a positive test
result have the disease; have a high predictive value of a negative result (negative predictive
value), i.e. the likelihood that people with a negative test result do not have the disease; security;
low cost; and acceptability - the likelihood that people for whom this test is intended will agree to
the examination (which to some extent depends on the awareness of the population about the
possibilities and importance of early diagnosis).

The third factor is that the healthcare system should be ready for maximum screening test
coverage of the target group, have the resources to confirm the diagnosis, appropriate treatment
and follow-up of people with positive test results, and regularly conduct screening tests at regular
intervals. At the same time, the benefits of screening must outweigh the potential physical and
psychological harm and justify the financial costs of its implementation [11].

The factors most significant for the development of CRC are:

- the presence of chronic inflammatory bowel diseases, adenomatous polyps, cancer of
other localization, etc.;

- family history (presence of one or two first-degree relatives with CRC or familial diffuse
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intestinal polyposis);

- the age of men and women over 50 years old, taking into account the fact that more than
90% of patients with colorectal cancer are people of this age (medium risk).

Age, regardless of gender, is an important risk factor for CRC. After the age of 50, the
incidence of CRC increases from 8 to 160 per 100,000 population. Thus, people who have reached
the age of 50, even in the absence of symptoms, constitute a moderate risk group for CRC.

The second category of increased risk of CRC (20%) is made up of persons with a genetic
and family predisposition, suffering from chronic inflammatory bowel diseases, diffuse familial
polyposis.

The high-risk CRC group is determined by the so-called Amsterdam criteria (the presence
of malignant tumors in two generations, the presence of cancer in a first-line relative under the
age of 50 years), in this case, CRC screening should be carried out after the age of 30 years [12].

The degree of individual risk of developing CRC is determined before screening to select
the scope of studies and the frequency of their conduct.

The interval for oncological colorectal screeningis 1 time in 2 years, target group: men and
women aged 50-70 years, with the exception of persons registered at the dispensary for CRC and
colon polyposis. At the same time, when forming the target group, one should take into account
the absence of severe concomitant diseases, such as the presence of a common malignant
neoplasm, cerebrovascular diseases in the stage of decompensation, chronic obstructive
pulmonary disease with respiratory failure, cirrhosis of the liver, myocardial infarction with
congestive heart failure, diabetes mellitus with vascular complications. and others, which are
highly likely to lead to death in the next 10 years.

The first step in screening for CRC is the fecal occult blood test (FOBT). Traditionally, such
methods include a benzidine test for occult blood in the feces. This is a biochemical method based
on the assessment of pseudoperoxidase activity of hemoglobin. There is ample evidence that
invitation to guaiac FOBT screening (gFOBT) reduces CRC mortality by approximately 15% in age-
matched average-risk populations.

To ensure the effectiveness of screening with gFOBT, the interval for screening under the
national screening program should not exceed two years. To date, there is an immunochemical
FOBT method - iFOBT, which is superior in efficiency to gFOBT in terms of the probability of
detecting adenoma and cancer. iFOBT has improved analysis performance compared to gFOBT.

Immunochemical (immunochromatographic) examination of feces for occult blood - iFOBT
or hemocult test is carried out for all men and women of the target group using an express
method, which allows you to get a result within 3-5 minutes, without the participation of a medical
worker. However, the evaluation of the test is carried out only by a medical worker in the PHC
preventive department.

With a positive analysis of feces for occult blood, the second stage of colorectal screening
is performed, which consists in endoscopic examination of the colon - total colonoscopy [6]. At
the same time, in this case, this medical manipulation is of a therapeutic and diagnostic nature,
since it allows one-stage removal of adenomatous polyps, which, according to various authors,
occur in every third subject after 50 years of age. At the same time, women have 20% fewer polyps
than men, but they have more right-sided lesions, which are more difficult to detect using fecal
blood tests, because they are less traumatic [13,14].

What results were obtained from screening for CRC? In 2022, 937,859 men and women of
the target group aged 50 to 70 years were examined during colorectal screening (in 2021 -
920,640) [5].

Colorectal screening revealed 325 cases of colorectal cancer in the reporting year, which
is 114 cases more than in the previous year (211 cases). The detection rate increased from 0.23
to 0.35 per 1000 patients examined. Low detection of colorectal cancer was noted in Zhambyl,

210



«Progress in Science» (November 13-14, 2025). Brussels, Belgium I

Karaganda, Kostanay, Kyzylorda, Mangistau, Turkestan - the worst result, East Kazakhstan regions,
Astana city - from 0.07 to 0.30 per 1000 examined. The best result is in the North Kazakhstan
region — 0.81 per 1000 examined. Compared to 2021, there was a decrease in the detection of
colorectal cancer per 1000 people examined during screening in Karaganda (from 0.22 to 0.21),
Kostanay (from 0.29 to 0.28), Mangistau (from 0.20 to 0.12) regions and Astana city (from 0.20 to
0.19).

Colon precancer (adenoma detection rate) was detected in 27.5% of patients who
underwent colonoscopy (2021 — 22.8%). The detection rate of precancer in Akmola, Aktobe,
Almaty (8.5% is the worst result), West Kazakhstan, Zhambyl, Kostanay, Kyzylorda, Mangistau,
Pavlodar, North Kazakhstan, Turkestan regions and cities is lower than the national average Astana
and Shymkent. The best resultis 36.2% in Almaty city. It should be noted that the planned indicator
for the detection of precancer of the colon and rectum in the country for 2022, according to the
Comprehensive Plan, was 23.0% and was achieved.

In 2022, the proportion of patients identified during screening studies with early stages of
malignant neoplasms (stages 0-1) was 26.2% during colorectal screening (in 2021 - 27.5%).

High early detection of colorectal cancer (above 30%) was noted in Akmola, West
Kazakhstan, Karaganda, Kostanay, Kyzylorda, Turkestan regions and Astana city (57.1% - the best
result). Not a single case of early cancer has been identified in the Mangistau region. Cases of
cancer in stages lll-IV detected during screening were registered in Akmola, Aktobe, Almaty, West
Kazakhstan, Zhambyl, Karaganda, Kostanay, Mangistau regions and Almaty city. A total of 21 cases
of colorectal cancer in stage lll and 3 in stage IV were identified (in 2021 - 18 and 5, respectively)
[5].

The complex analysis carried out allows us to conclude that satisfactory results of cancer
screening can be achieved only with its proper organization, high quality of implementation, active
participation in population screening, the use of highly sensitive tests and instrumental methods
of preventive examination, as well as subsequent accurate diagnosis of identified tumors and
timely treatment. High-quality screening leads to early diagnosis of pedological diseases and
malignant pathology in the early stages, which, in turn, increases the effectiveness of treatment
and improves the prognosis of the disease. Target groups that, for one reason or another, do not
participate in screening should be informed that there are no other methods other than screening
that would reduce mortality from malignant neoplasms. Incidence and mortality rates from
cervical cancer, breast cancer and colorectal cancer clearly reflect the epidemiological situation
with this pathology in the regions of our country.
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Annepruyeckmin puHMT —3TO WMPOKO PacnpoCTpaHeHHoe 3aboneBaHmne, KOTOpPoe No
peweHnto BcemmpHOM OpraHuMsauMm 34paBOOXPAHEHMA ABAAETCA WMHAMKATOPOM 340PO0BbA
HaceneHuda. Mccnegosanua sesmch B nepuos ¢ 2020-2025 roapl, ougHMBaAM 3a60/1eBaeMoCTb
neten B Bo3pacTte ot 0-13 nerT.

PasBuTWe anneprmyeckoro pMHUTA 3aBUCUT OT OCHOBHbIX MapameTpOB MOMELLEHMA, B KOTOPOM
pebeHOK NpoBOAMT HO/bLLYIO HYacTb AHA. [pK cpeaHen TemnepaType Bo3ayxa 8 23 °C 1 BNAXKHOCTH
60 % KOAMYEeCTBO AeTeln C Pa3BUTbIM anNepruyeckMm pUHUTOM cocTasaAaeT 9 %, B TO BpemMA Kak
Npv BNAXKHOCTH

Bo3ayxa Hwke 40 % wn ero TemnepaType Bbiwe 27 °C KonmyectBo 3aboneBWMX BbipacTaeT
MHOTFOKpaTHO. [lonyvyeHHble AaHHble NMPOAEMOHCTPUPOBAAM MPAMYK 3aBMCMMOCTb Pa3BUTMA
OTONTAPUHTONOTMYECKMX 3aB0NEBAHNI OT TaKMX MAapaMeTpPOB MOMELLEeHMA Kak TemnepaTtypa wu
BAaxkHoCTb. CobntoaeHMe peKoMeHAyeMbIX MNapameTpoB A4 0003HaYeHHbIX MoKasaTeseln
NO3BO/IUT COKPATUTb YNC/O AELTEN CTPAAAIOWMX alIeprMyeckon GopmMmor puHUTa.

KntoyeBble cNoBa: PUHKUT, anneprua, 3K0N0rma NOMeLLEHWA, BNaXKHOCTb BO34yXa.

Annepruyeckmin  puHut  (AP) - 31O atonuyeckoe  3abonesaHue,
XapaKkTepuayloweeca CMMNTOMAMM 3a/I0KEHHOCTM HOCA, MNPO3PAYHOrO PUHOPEM, YMXaHua,
MOCTHA3a/NbHOM Kanau W Hoca. ITO 3aTparmBaeT OAHOr0 M3 LWEeCTM YeNOBEeK W CBA3AHO CO
3HaUMTENbHOM  3abD0NEeBAEMOCTbiO, MNOTEpPEN  MNPOM3BOAUTENLHOCTM U pPacxoamu  Ha
37 paBooxXpaHeHne. Mctopuyeckn cumtanock, 4to AR aBnaetca 60/71e3HHbIM NMPOLLECCOM TO/bKO
HOCOBbIX AblXaTeNbHbIX NyTel. Tem He MeHee, pa3BnTMe YHUGUUMPOBAHHOM TEOPUN AbIXaTeNbHbIX
nyTen knaccmoumumposano AR Kak KOMMOHEHT CUCTEMHOrO aileprnyeckoro OTBeTa, a Apyrue
CBA3aHHble C HMM COCTOAHMA, TaKMe KaK acTMa M aTOMUYECKUI AepMaTUT, pPasaenatomx
OCHOBHYIO CUCTEMHYtO natonornto.[1]AR MOXHO KnaccmduumpoBaTb KaK Ce30HHble
(NpepbIBUCTbIE) UM MHOTONETHUE (XPOHWYECKME), NpK 3TOM NpumepHo 20% cnyyaes ABNAIOTCA
ce30HHbIMK, 40% - mHoroneTHUMM 1 40% ¢ ocobeHHoCTAMKM 060mX.[2]B AONONHEHME K HOCOBbLIM
CMMNTOMaM, Y NauneHToB ¢ AP Takke MOKeT OblTb CBA3AHHbLINA aNNeprmyecknii KOHbIOHKTUBKT,
HENPOAYKTMBHbIN Kawenb, ANCOYHKLMA eBCTaxmeBon TpyObl U XPOHWYECKUIA CUHYcUT. [locne
NOCTAHOBKM AMArHO3a AONO/IHEHHAA PeaNbHOCTb NOAAAETCA eYEHMIO PA3INYHBIMU METOAAMM,
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npyv 3TOM BHYTPMHA3anbHble [IIOKOKOPTUKOMAbLI ABAAIOTCA Tepanuen nepson AuHUKM. [1].
PacnpocTpaHeHHOCTb aiNleprMyeckoro pUHMTA Ha OCHOBE AMarHo3a Bpaya COCTaBAAET NPUMEPHO
15%; o4HAKO pacnpoCTpPaHEeHHOCTb, MO ouUeHKam, coctasndeT Ao 30%, ncxoaa M3 NauMeHTOB C
Ha3asbHbIMKM cMmnTOMamn. WM3BecTHo, 4TOo AR pgocTturaeTr nuMKa BO BTOPOM-YETBEPTOM
NECATUNETUAX KM3HWU, a 3aTeM MNoCTeneHHo ynaake.[6]3aboneBaemoctb AR B neamaTpuyeckomn
nonynauMM  TaKXKe JOBO/MbHO BbICOKA, 4YTO  AenaeT ee  OAHMM M3 Haubonee
PACNPOCTPAHEHHbIX XPOHWUYECKMX

neamaTpuyeckmnx paccTponcts. CornacHo AaHHbIM MeXKayHapoAHOro uccnefoBaHMA acTMbl U
anneprum B aetctee, 14,6% B8 Bo3pacTHou rpynne ot 13 ao 14 net n 8,5% B BO3pacTHOM rpynne oT
6 00 7 Nnet AeMOHCTPUPYHOT CUMMITOMbI PUHOKOHDBIOHKTMBMUTA, CBA3AHHbIE C aNNEePrmyeckmm
PUHUTOM.[7]CE30HHbIN  aNNepruyeckmin - puHKUT, MNo- BUAMMOMY, Yalle BCTPeyaeTcs B
neamaTpMYecKor BO3pacTHOM rpynmne, B TO BPEMS Kak XPOHWMYECKNM pUHUT Bosiee pacnpocTpaHeH
y B3pOC/bIX.[8]

CuctemaTtnyeckmnin 063op 2018 roaa nokasan, 4o 3,6% B3pocCabix nponycTnam paborty, a
36% nmenn yxyaweHne Npon3BoANTENbHOCTU M3-3a aNNIEPrMYECKOro PUHMUTA. DKOHOMMYECKME
OLLeHKM MOKa3a/n, YTO KOCBEHHbIE 3aTpaThl, CBA3aHHbIE C NOTeper NPON3BOANTENBHOCTM TPYAa,
COCTaBNAT BONbLUYHO YaCTb 3aTPAT HA AONO/IHEHHYO peanbHOCTb.[9]

dakTOpbl pUCcKa pa3sBnTMA AR BKNOYAIOT B CebA CEMENHYI0 MCTOPUIO aTOMMK, MYXKCKOW Non,
Haanume annepreHHo-cneumopuyeckoro Igk, coisopoTouHbln IgE 6onee 100 ME/mn oo 6 net u
H6onee BbLICOKMI COLMANBbHO-IKOHOMMYECKMIN cTaTyc. [5|ViccnenoBaHna ¢ AeTbMW MAaAWero
BO3pacTa Nokaszann H6onee BbICOKMIA PUCK Pa3BUTMA AONONHEHHOW PeanbHOCTM Y TeX, Y KOro
paHHee BBeAeHWEe B MULLY WAU CMECb W/WAN MHTEHCUMBHOE BO3AEWCTBME KypeHWs curapeTt B
NepBbIN rog, *KMU3HW.
[2]XoTAa MHOrMe HefaBHME UCCNeN0BAHMA OLEHMBAIM CBA3b MEXKAY 3arpA3HEHMEM U Pa3BUTUEM
[OMNONHEHHOW pPeanbHOCTW, CYLLeCTBEHHOM KOppenaumMm NoKa He cylecTByeT. MIHTepecHOo, YTo
BbIABNIEHO HECKO/IbKO GaKTOPOB, KOTOPbIE MOTYT OKa3blBaTb 3aLLUTHOE BAMAHME Ha pa3BuTHe AR.
Ponb rpyaHOro BCKapMAMBaHMA B pa3suTum AR 4yacTo obcy)KAaaeTcA, HO OHO MO-MpexHemy
PEKOMEHAYETCA M3-32 MHOTUX APYTMX N3BECTHbIX MPEVMMYLLECTB M OTCYTCTBME CBA3AHHOIO C 3TUM
Bpesa. HeT HWKaKMX [OKa3aTeNbCTB TOro, YTo M3beraHuve AOMALLIHUX KMBOTHbIX B AETCTBE
npeAoTBpallaeT AOMONHEHHYHO AOMNYTUIO; OAHAKO €CTb rMnoTesa, YTO paHHee BO3AeicTBMe
AOMALLHUX }KMBOTHbIX MOXET BbI3BaTb MMMYHHYO TONE€PAHTHOCTb.
PacTeT nHTepec K «addeKTy pepmbl» Ha pa3BUTUE AanNeprnm, 1 MeTaaHanns 8 nccaesoBaHnM
noka3san Ha 40% 6onee HU3KNIM PUCK Y CYOBEKTOB, KOTOPbIE XNAK Ha depme B Te4eHMe NepBoro
roga »*m3Hu.[10]

300pOBbe AETCKOrO HaceneHus SABAAETCA BaKHEWW MM Buaom HesonacHocTn B chepe

0OLLeCTBEHHOTO  34PaBOOXPaHEHMA. YCTAaHOBNEHO, 4YTO W3-3@ HE3pesnocTV MnpoLeccos
anbdepeHUMaUMN KNETOK AeTU MOABEPNKEHbI PA3BUTUIO anneprudeckux peakumn [1]-[3]. Mo
peweHnto BcemmpHoOM opraHuMsaumm 34paBOOXPaHEHUA MUMEHHO annepruyeckme 3aboneBaHus
ABNAOTCA MHAMKATOPaMM 0OLLECTBEHHOTO 340POBbA.

Llenbto AaHHOTO nccnenoBaHMA HBbIN0O NU3YyYEHNE SKONOTMYECKMX XapPaKTEPUCTUK BO3AyxXa U
aHaNMn3 ero B3aMMOCBA3b C PA3BUTMEM aIIEPIUYECKOTO PUHKUTA. iccneaoBaHMA NPOBOAMANCH Ha
TeppuTopumn r. AamaTsl B KasaxctaHe ¢ 2020 no 2025 rr., oueHMBaNack 4acToTa AeTel B BO3pacTe
0-13 net. B npouecce aHann3a MeTo40B, UCNOb3YEMbIX A1 aHAN3a NOMELLEHMA U BblIABNEHMA
€ro NapamMeTpoB C Pa3BUTUEM ANNEPTUHECKOTO PUHUTA. ANNEPrUYeCKUn PUHNT ABNAETCA LUMPOKO
pacnpocTpaHeHHbIM 3aboneBaHNeM, KOTOPbIM cTpadatoT 18—-38% HaceneHuna Poccun
[4]-[8]. Mo AaHHbIM nuTepaTypbl B CLUA, pa3nnyHblie OpMbl anneprnyeckoro puHMTa BCTpeyatoTca
Ha 30% 6osblie yem 10 neT Haszag. AnnepruyeckMm puHutom ctpagatotr 40% Hacenedus, a
3a60/1€BaeMOCTb PETMCTPUPYETCA B PAHHEM LUKOSIbHOM
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Bo3pacte [9] [11]. [AmarHocTuka 3aboneBaHMA OCYLLECTBASETCA Ha OCHOBAHMWU HaNAW4uMs
annepreHcneuMduyeckmx aHTUTeN Knacca aHTureHos IgE. BHewHMMKn cumnTomammn ABastoTCA
ymxaHue, 3y 1 3a/10XKEHHOCTb, a TaKXKe BblaeneHnsa m3 Hoca[l12]-[15]. MonyyeHHble AaHHble MO
aNNepruyeckomy PUHUTY M aHaAIM3 XapaKTEPUCTMK NOMELLEHWUIA NpeAcTaBeHbl B TabauLe.

PanoHbl ropoaa BnaxkHoOCTb TemnepaTypa Bo3ayxa KoamyecTBO NauUMeHTOB
BocTaHabIKCKUA 59 21 33
AnaTayckui 39 27 37
Aye30BCKMM 63 25 65
Meneyckni 62 23 48
eTbIcyncKkuin 55 24 54
Haypbizbancknii 52 26 42

Takmm obpasom, nocne nNPOBEAEHMA WCCNeAO0BaHWMN MOXHO CKasaTb, 4YTO pasBUTUE
aNneprmyeckoro pUHMUTA 3aBUCUT OT OCHOBHbIX MapameTpoB NMOMELLEHMA, B KOTOPOM pebeHOoK
npoBoauT Bonblyto YacTb AHA. Tpu cpeaHen TemnepaType Bo3ayxa 23°C u BaaxHocTn 60%
KONMYEeCTBO AETeN C Pa3BMBLUMMCA anfeprMyeckMM PUHUTOM cocTasafeT 9%, Toraa Kak npu
3abonesaHunax [Mpu Temnepatype Hwke 40% u TemnepaTtype Bbiwe 27°C 4Mcno cayyaes
3a60/1eBaHMNA BO3pACTAET B pa3bl. ITO CBA3AHO C TEM, YTO NepechixaHne CAM3MCTON 060104KM HoCa
CYXMM BO3AYyXOM MPUBOAMNT K MNOABNEHMIO MUKPOTPELLMH, YTO Bbi3bIBAET KPOBOTEYEHME. BHYTpK
HOCa HauyMHaloT 06pa3oBbiBaTbCA OONE3HEHHbIE KOPOYKM, a TakKe passBmBaeTca obliee
yXyZlleHne cCaMo4YyBCTBUA, KOTOPOE NPOABAAETCA FTONIOBHON OONbIO M PACCTPONCTBOM.
MN3MeHeHHbIN CAM3UCTBIA CMON ABAAETCA WAeanbHOW cpeaon AN Pa3sMHOXeHUs Ntobbix
MWKPOOPraHM3mMOB, TMO3TOMY 4acTO pPa3BMBAKTCA  BOCMAJIUTE/IbHbIE  pPeakuum U
NPUCOEAMNHSAIOTCA BTOPUYHbIE MHPEKLIMN.

YnydweHnem GpakTmyeckon cnutyaumm n npoduaakTMKomn HoBbIX 3a60neBaHMIA MOTYT

CTaTb NPODUNAKTUYECKME MEPOMPUATUA, HAMNPUMEpP: YCTAHOBKA CUCTEM YBJIAXKHEHUS U
KOHAMLUMOHNPOBAHUA ANA OX/aKAEHMA NeperpeToro BO34yXa, M30/4UMA [AeTern B COASHbIX
KOMHATax MM COMIAHBIX LLIAXTaXx.
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ABSTRACT:

Cellulitis is an acute bacterial infection involving the dermis and subcutaneous tissues,
characterized by erythema, warmth, swelling, and tenderness of the affected area, most frequently
the lower limbs. It is predominantly caused by Streptococcus pyogenes and Staphylococcus aureus,
though polymicrobial infections may occur in immunocompromised individuals. Despite
advancements in antimicrobial therapy, cellulitis continues to impose a significant clinical and
economic burden due to its recurrence and potential complications such as abscess formation and
lymphangitis. The present manuscript provides a comprehensive review of the etiology,
pathophysiology, clinical manifestations, diagnostic modalities, and management strategies for
cellulitis, integrating both pharmacological and non-pharmacological perspectives. Literature from
PubMed, ScienceDirect, and other scientific databases was critically analysed to summarize
contemporary evidence and guidelines. Management involves prompt initiation of empiric
antibiotic therapy targeting gram-positive cocci, supported by wound care, skin hygiene, and the
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control of predisposing factors such as diabetes and obesity. Non-pharmacological interventions,
including limb elevation, compression therapy, and proper moisturization, are equally essential in
preventing recurrence and improving patient quality of life. A multidisciplinary and preventive
approach emphasizing patient education, early diagnosis, and adherence to hygiene measures
remains pivotal in reducing morbidity and recurrence rates. Thus, holistic management of cellulitis
encompassing both pharmacologic precision and supportive care forms the cornerstone for
improved therapeutic outcomes and sustainable infection control.

INTRODUCTION:

Cellulitis (Latin: cellula (diminutive of cella: cell) + itis (suffix denoting inflammation)) and its
subtype, erysipelas (Greek: erythrds (red) + pella (skin)), are among the most frequent infections
requiring hospitalization [1].

Cellulitis is an acute bacterial infection of the dermis and subcutaneous tissues, presenting with
erythema, swelling, warmth, and tenderness in the affected area. It occurs when bacteria
penetrate through a break in the skin barrier, which may be as trivial as a fissure from tinea pedis
or as obvious as a wound or ulcer. Once pathogens reach the dermis, they trigger an inflammatory
response characterised by vasodilation, leukocyte infiltration, and tissue edema. Although it is
clinically distinct from abscesses and necrotising soft tissue infections, these conditions may
coexist, making early recognition and accurate diagnosis crucial. The disease has a variable course
ranging from mild, localised infection to life-threatening sepsis, depending on host immunity,
comorbidities, and the infecting organism [1, 2].

Globally, cellulitis is a common cause of both outpatient visits and hospital admissions. Population-
based studies report community incidence ranging from 199 per 100,000 person-years to as high
as 24.6 per 1,000 person-years in certain high-risk cohorts. In the United States *and Europe,
hospitalisations related to cellulitis have been steadily increasing, contributing significantly to
healthcare costs [3]. In India, precise nationwide incidence data are lacking; however, multiple
hospital-based studies have demonstrated that cellulitis is a frequent cause of admissions,
particularly among working-age adults, with the lower limb being the most commonly affected
site. Indian cohorts have highlighted risk factors such as diabetes, venous stasis, and fungal
infections like tinea pedis as prominent contributors. Mortality in uncomplicated cellulitis is
generally low, but in Indian hospital series, mortality has ranged from 0.3% to several per cent
depending on comorbidities, with the risk being significantly higher in cases associated with septic
shock, cirrhosis, or necrotising infections [4].

The microbiological aetiology of cellulitis is most often linked to beta-hemolytic streptococci,
particularly Streptococcus pyogenes, which typically cause non-purulent cellulitis. Staphylococcus
aureus, including both methicillin-susceptible (MSSA) and methicillin-resistant strains (MRSA), is
frequently implicated in purulent presentations. Polymicrobial infections are common in bite
wounds, chronic ulcers, or diabetic foot infections, where Gram-negative bacilli and anaerobes
may also play a role. Less commonly, cellulitis may arise from unusual exposures, such as Vibrio
species after seawater injuries or Pasteurella multocida following animal bites [5].

Clinically, cellulitis manifests as a painful, warm, erythematous, and edematous area of skin with
indistinct margins. Fever, chills, and malaise may accompany local findings, while lymphangitic
streaking and regional lymphadenopathy are often seen. Purulent cellulitis suggests staphylococcal
infection, whereas diffuse non-purulent forms are more often streptococcal. Severe presentations
with rapidly progressive swelling, bullae, necrosis, or pain out of proportion to examination raise
concern for necrotising fasciitis, a surgical emergency. Differentiating cellulitis from mimicking
conditions such as deep vein thrombosis, contact dermatitis, and stasis dermatitis is clinically
important. To assist in this, the ALT-70 prediction score, which uses asymmetry, leukocyte count,
and tachycardia along with age, has been developed and validated for lower-extremity cellulitis to
distinguish true infection from pseudo-cellulitis [6]. Severity can also be graded using the Eron
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classification, where Class | patients are systemically well and suitable for oral therapy, while Class
IV patients have sepsis or life-threatening infection requiring urgent resuscitation, broad-spectrum
intravenous antibiotics, and surgical consultation. Diagnosis of cellulitis is largely clinical, with
laboratory and imaging studies playing supportive roles. Blood counts, CRP, and ESR can help gauge
systemic inflammation, though they are not specific. Blood cultures are typically low-yield in
uncomplicated cases but are warranted in systemically ill or immunocompromised patients. When
purulence is present, pus should be cultured to guide therapy. Imaging is useful in complicated
cases: ultrasound helps detect occult abscesses, MRI is preferred for suspected necrotising
infections, and CT or X-rays may reveal gas or foreign bodies. Scoring systems like LRINEC can help
assess necrotising fasciitis risk, but surgical exploration should not be delayed when clinical
suspicion is high [7].

Treatment depends on severity, clinical setting, and microbiological suspicion. Mild non-purulent
cellulitis is usually treated on an outpatient basis with oral antibiotics directed against streptococci
and MSSA, such as cephalexin or amoxicillin-clavulanate, for 5-10 days. Purulent infections warrant
coverage for MRSA with agents like clindamycin, doxycycline, or TMP-SMX. Inpatients with severe
cellulitis require intravenous therapy with cefazolin or nafcillin for severe non-purulent cases, or
vancomycin/daptomycin/linezolid when MRSA is suspected. In immunocompromised patients,
bite wounds or perineal infections, broad-spectrum regimens covering Gram-negative organisms
and anaerobes (e.g., piperacillin—tazobactam) are appropriate. Surgical management is essential
for drainage of abscesses or for debridement in necrotising soft-tissue infections, where rapid
operative intervention is [5, 7]. Supportive measures such as analgesia, limb elevation, wound care,
and management of comorbidities like diabetes are integral to care.

Although uncomplicated cellulitis has a good prognosis, it is not without consequences. A meta-
analysis found an overall inpatient mortality of around 1.1%, but morbidity is far more significant,
with recurrence rates up to 20-30% and high rates of hospital readmission. Recurrent episodes
predispose to chronic edema, fibrosis, and lymphedema, creating a vicious cycle that further
increases the risk of reinfection. These sequelae significantly impair mobility and quality of life.
Patients report reduced physical function, social participation, and emotional well-being following
recurrent cellulitis episodes. Preventive strategies, such as treating tinea pedis, using compression
therapy for chronic edema, practising meticulous skin care, and administering prophylactic
antibiotics in select recurrent cases, have been shown to reduce recurrence and improve long-
term outcomes [8].
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Fig 1.1: Patients suffering from Cellulitis
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1.1. Epidemiology:
Table 1.1: Comparative Prevalence and Epidemiological Profile of Cellulitis in India and
Globally [11-15]
Parameter India Global
GBD 2021: ~37.0 million prevalent
cases of bacterial skin diseases
(=474/100Kk) (cellulitis is part of this
group). (Annual prevalence of
cellulitis  specifically is  not
separately reported.)
GBD 2019: =54.8 million new
Annual incidence | Not reported in India. (One source | cellulitis cases per year (age-
(new cases/year) | notes no national incidence data.) standardised incidence). (Example:
USA alone has ~14.5 M cases/year.)
The highest incidence is in midlife.
US data: much higher rates in ages
45-64. (Epidemiologic  studies
show cellulitis mainly affects older
adults; very young and the very old
less common.)
Male predominance. US data show
~51% male, 49% female (no large sex | higher rates in men than women
gap in Indian inpatients). (and Frontiers analysis noted a
modest male excess in incidence).
Global: Similar drivers worldwide.
India: Skin barrier breaks (trauma, | Chronic leg edema/lymphedema,
ulcers, wounds) and fungal foot | tinea pedis (fungal infection),
infections are very common. In one | obesity, diabetes mellitus, venous
series, 69.7% had a preceding skin | insufficiency, and prior trauma or
injury and 77.1% had toe-web | ulcers are well-known risk factors
intertrigo. Other Indian studies note | (and references therein). Fungal
diabetes  (=39%), obesity, and | intertrigo and immunosuppression
lymphedema as frequent co-factors. | also predispose to recurrent
cellulitis.
Common. In one US population
No published data on recurrence | study, 18% of patients had >1
Recurrence rates in India. (Recurrent cellulitis | recurrent episode over 5 years.
likely under-recognised.) (Other studies report ~30-50%
recurrence risk over 2—3 years.)
Slight decline. GBD 1990-2019:
age-standardised cellulitis
incidence fell by ~6.2%. DALYs rates
also declined. The burden of
cellulitis remains high, with a stable
or slowly changing incidence
globally.
Cellulitis is relatively common and most often occurs in middle-aged and older adults. When
comparing men and women, there is no statistically significant difference in the incidence of
cellulitis. There are approximately 50 cases per 1000 patient-years [16,17]. Cellulitis is a common

No reliable national data, “exact
incidence in India is unknown”. (GBD
2021 shows a high burden of bacterial
skin infections, but India-specific
estimates are lacking.)

Prevalence
(existing cases)

Predominantly middle-aged adults.
Mean age ~46.6y (50% in 4th—5th
Age (distribution) | decades). (Odisha study: 51% male,
49% female; peak in 30-50 vy for both
sexes.)

Sex (M: F)

Key Risk Factors

National trends are not characterised.
Trends (Skin infections in India are generally

(last decade) rising due to NCDs, but specific

cellulitis trend data are lacking.)
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bacterial infection of the skin and subcutaneous tissue that represents a major public health
concern worldwide. According to Global Burden of Disease (GBD) analyses, bacterial skin diseases
(including cellulitis) contribute significantly to disability-adjusted life years (DALYs), with particularly
high burdens reported in South Asia and East Asia [18]. The absolute number of cases has been
rising globally since 1990, largely due to population growth, ageing, and an increase in
comorbidities such as diabetes and obesity. In the United States alone, about 14 million cases occur
annually, with several hundred thousand hospitalisations each year and ambulatory care costs
exceeding USS3.7 billion. Hospitalisation rates have increased in many high-income countries over
the last two decades, although direct mortality remains low except in complicated cases
progressing to sepsis, particularly in resource-limited settings. Incidence rates vary by study, but
skin and soft tissue infections (SSTIs, including cellulitis) have been reported at tens of cases per
1,000 person-years, while hospital admission rates are in the range of several per 100,000
population [19]. The infection predominantly affects the lower limbs, with a higher incidence in
older adults, and seasonal peaks in warmer, humid months have been documented. The main
pathogens are Streptococcus pyogenes and Staphylococcus aureus, including MRSA strains in
some regions. Key risk factors include chronic edema, venous insufficiency, obesity, diabetes,
immunosuppression, and breaches in skin integrity such as trauma, ulcers, or tinea pedis [18, 19].
Importantly, recurrence is frequent, with studies reporting rates of 20—-40% or higher, making
secondary prevention a major clinical priority. While robust data exist from the U.S. and parts of
Europe, information from low- and middle-income countries remains limited, though hospital
series from India and Africa confirm cellulitis as a common cause of admission with higher
complication and mortality rates due to delayed access to care [20]. Overall, cellulitis is a globally
prevalent disease with rising incidence, high recurrence, significant economic burden, and marked
disparities in outcomes between high-income and resource-constrained settings. The disease
burden in India is amplified by the high prevalence of diabetes and obesity, both of which
significantly increase susceptibility. Hospital-based studies in different regions show cellulitis
accounts for 2-10% of dermatology outpatient visits and is among the leading causes of
dermatological admissions [19, 21]. For example, a study from South India (Bhat, 2020) reported
cellulitis to be one of the most frequent bacterial skin infections in tertiary hospitals [20]. The
incidence peaks in monsoon and humid months, where minor skin breaches combined with fungal
infections predispose individuals to bacterial invasion. Risk factors unique to India include barefoot
walking, poor footwear use, agricultural injuries, and high prevalence of parasitic and fungal
infections, which predispose to skin barrier breakdown ([22]. Rural populations and low
socioeconomic groups are disproportionately affected due to limited access to early care. While
national-level population data are scarce, tertiary-care reports highlight that cellulitis contributes
significantly to hospital admissions, prolonged hospital stays, and high healthcare costs. The
disease is an important cause of morbidity in rural and urban India, and recurrent cellulitis
contributes to reduced quality of life and lost productivity.

1.2. Classes of cellulitis:

A classification system can serve as a useful guide to admission and treatment decisions. This

classification was devised by Eron 4 according to CREST Guidelines for skin and soft tissue infections

[23].

1.2.1. Class | patients have no signs of systemic toxicity, have no uncontrolled co-morbidities and
can usually be managed with oral antimicrobials on an outpatient basis.

1.2.2. Class |l patients are either systemically ill or systemically well but with a co-morbidity such
as peripheral vascular disease, chronic venous insufficiency or morbid obesity, which may
complicate or delay resolution of their infection.

1.2.3. Class lll patients may have a significant systemic upset, such as acute confusion,
tachycardia, tachypnoea, hypotension or may have unstable co-morbidities that may
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interfere with a response to therapy or have a limb-threatening infection due to vascular
compromise.

1.2.4. Class IV patients have sepsis syndrome or severe life-threatening infection such as
necrotising fasciitis.

Clinical findings alone are usually adequate for diagnosing cellulitis, particularly in non-toxic

immunocompetent patients.

1.3. Etiopathogenesis:

| =]
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Resident skin flora: Staphylococcus aureus™ »
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Fungi
\ *most common pathogens )
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Fig 1.2: Pathogenesis of Cellulitis [24]
Cellulitis is an acute, non-suppurative inflammation that spreads through the subcutaneous tissues
and connective tissue planes, extending across intercellular spaces. The term “cellulitis” is a
misnomer, as the lesion primarily involves the connective and interstitial tissues rather than the
cells themselves [17]. The infection most commonly results from Streptococcus pyogenes, though
various aerobic and anaerobic bacteria may also be responsible.
Microorganisms typically gain entry through a breach in the skin, such as a wound, scratch, insect
bite, or surgical incision, allowing them to invade the dermis and subcutaneous tissues.
Initially, the site of inoculation becomes erythematous and warm, followed by progressive swelling
and skin tightness. In severe infections, vesicles or bullae may form, and central necrosis can
develop in advanced stages [18].
The skin normally serves as a barrier preventing endogenous flora and exogenous pathogens from
penetrating deeper layers; however, once compromised, it permits bacterial infiltration, leading to
acute infection of the deep dermis and subcutaneous tissues [17, 18].
Streptococcus pyogenes remains the predominant cause of non-purulent cellulitis, which is
characterised by the absence of abscesses, pustules, or purulent drainage. In contrast,
Staphylococcus aureus, including both methicillin-susceptible (MSSA) and methicillin-resistant
(MRSA) strains, is a leading cause of purulent cellulitis [19]. Differentiation between MRSA and
MSSA infections cannot be made clinically and requires culture and sensitivity testing, which is
crucial for selecting appropriate antibiotic therapy.
The incidence of community-acquired MRSA has risen globally, even among individuals without
traditional risk factors such as prior antibiotic exposure, recent hospitalisation, surgery, or
residence in long-term care facilities. Additional risk factors include HIV infection, injection drug
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use, incarceration, and sharing personal items like razors or sports equipment. Other pathogens

may be implicated depending on the source of infection [16, 19].

Animal bites can introduce Pasteurella, Neisseria, or Fusobacterium species (from cats or dogs) and

Eikenella corrodens or Veillonella species (from human bites) [20].

Aquatic injuries may involve Vibrio, Aeromonas, or Mpycobacterium species. In

immunocompromised patients, atypical pathogens such as Helicobacter cinaedi or Streptococcus

pneumoniae (especially in those with systemic lupus erythematosus) should be considered. A

thorough patient history and clinical evaluation are therefore essential for identifying likely

causative organisms and guiding antimicrobial management [20, 21].

Predisposing factors for cellulitis include advancing age, obesity, diabetes mellitus, venous

insufficiency, peripheral arterial disease, lymphedema, chronic leg edema, and a prior history of

cellulitis [20]. Lymphedema, in particular, creates a favourable environment for bacterial growth.

A large retrospective study involving over 165,000 hospital admissions found that 92% of

lymphedema cases were associated with cellulitis. Chronic disruption of the skin barrier due to

trauma, ulcers, or other dermatologic conditions remains a major modifiable risk factor. Early

identification and management of these underlying conditions are vital to prevent recurrence and

improve clinical outcomes [21].

1.4. Risk Factors:

Cellulitis commonly develops when bacteria, particularly Streptococcus pyogenes or

Staphylococcus aureus, gain entry through breaks in the skin [22]. Several factors predispose

individuals to infection by compromising skin integrity, immune response, or lymphatic drainage:

1.4.1. Breaks in the Skin Barrier:

Conditions such as cuts, abrasions, insect bites, surgical wounds, ulcers, or chronic skin diseases

like eczema and psoriasis increase susceptibility to cellulitis [22].

1.4.2. Chronic Edema and Lymphedema:

Impaired lymphatic drainage or chronic venous insufficiency leads to fluid accumulation, which

predisposes to bacterial entry and infection [23].

1.4.3. Obesity:

Increased body mass index (BMI) is associated with recurrent cellulitis, likely due to skin folds, poor

lymphatic flow, and impaired immune function [25].

1.4.4. Diabetes Mellitus:

Hyperglycemia impairs neutrophil function and wound healing, making diabetic patients more

prone to skin infections, including cellulitis [26].

1.4.5. Peripheral Vascular Disease:

Poor blood circulation limits the immune response and tissue oxygenation, facilitating bacterial

growth. [5]

1.4.6. Immunosuppression:

Patients with HIV, malignancies, or on immunosuppressive therapy (e.g., corticosteroids,

chemotherapy) are at higher risk [27].

1.4.7. Tinea Pedis and Other Fungal Infections:

Fungal infections between toes cause fissures that allow bacterial entry, particularly predisposing

to leg cellulitis [25].

1.4.8. History of Previous Cellulitis:

Recurrent cellulitis is common, especially if underlying predisposing factors (such as edema or

fungal infections) persist [23].

1.5. Clinical features:

1.5.1. Local Symptoms:

1.5.1.1. Erythema (redness): The affected area appears red, warm, and swollen due to
inflammation and increased blood flow.
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1.5.1.2. Edema (swelling): Resulting from fluid accumulation in the interstitial tissues.

15.1.3. Warmth: A hallmark sign indicating active inflammation and infection.

15.1.4. Pain or tenderness: The area is usually painful to touch and may throb.

15.1.5. lll-defined margins: Unlike erysipelas (which has well-demarcated borders),
cellulitis has poorly defined edges [27].

15.1.6. Lymphangitic streaking: Red streaks may be seen extending proximally due to
lymphatic involvement [27].

15.1.7. Regional lymphadenopathy: Swollen lymph nodes may be palpable near the site of

infection [5].
1.5.2. Systemic Symptoms:
In moderate to severe infections, systemic manifestations may occur:
e Fever and chills
e Malaise and fatigue
e Tachycardia
e Leukocytosis (elevated WBC count)
In severe cases:
e Hypotension
e Confusion
e Sepsis may develop, especially in immunocompromised or elderly patients.
1.5.3. Site-Specific Variations:
e Lower limbs are the most common site, often following trauma, ulcers, or fungal infections
between the toes (tinea pedis).
e Facial cellulitis can lead to complications like orbital cellulitis or cavernous sinus thrombosis
[28].
e Periorbital and perianal cellulitis may present with more distinct localised symptoms [29].
1.5.4. Differentiating from Other Conditions:
e Erysipelas: More superficial, sharply demarcated borders [29, 30].
e Deep vein thrombosis (DVT): Lacks fever and systemic signs, and the swelling is often non-
tender.
e Necrotising fasciitis: Rapidly progressive, severe pain, skin necrosis, crepitus, and systemic
toxicity [30].
1.5. ALT-70 Predictive Model for Lower Extremity Cellulitis in the Emergency Department:
The ALT-70 score is a clinical prediction model developed to help differentiate cellulitis (a
bacterial skin infection) from pseudo-cellulitis (conditions that mimic cellulitis, such as venous
stasis dermatitis or gout).
It is especially useful in the emergency department setting to improve diagnostic accuracy and
avoid unnecessary antibiotic use.
Table 1.2: Clinical Variables and Corresponding Points for Cellulitis Assessment [31]

Clinical variable Points
Asymmetry (unilateral leg involvement) 3
Leukocytosis (WBC count >10,000 per ulL (10x10° per L)) 1
Tachycardia (HR > 90 beats per minute) 1
70 years and older 2
Table 1.3: ALT-70 score Interpretation and Clinical Recommendations for Cellulitis [31]
ALT-70 score Likelihood of Cellulitis Clinical recommendation
Oto2 9% Cellulitis unlikely; reassess diagnosis
3to4 72% Intermediate; consider consultation
5to7 95% Cellulitis likely; treat empirically
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Clinical Resource Efficiency Support Team (CREST) Management of Cellulitis in Adults:

The CREST (Clinical Resource Efficiency Support Team) guidelines were developed to provide a
systematic approach to the diagnosis and management of cellulitis.
It helps classify patients into four severity classes (I-IV) based on systemic symptoms,
comorbidities, and risk factors, assisting clinicians in determining the appropriate treatment setting
(outpatient or inpatient).

Table 1.4: Eron Classification of Cellulitis Severity [32]
Class Il Class I

Patients may have a
significant systemic
upset, such as acute

Class | Class IV

Patients are either
systemically ill or

Patients have no . confusion,
. . systemically well, but .
signs of systemic . . tachycardia,
. with a co-morbidity . .
toxicity, have no tachypnoea, Patients have sepsis

such as peripheral

uncontrolled co- .
vascular disease,

morbidities and can

hypotension, or may | syndrome or severe

have unstable co-

usually be managed
with oral
antimicrobials on an

chronic venous
insufficiency or
morbid obesity, which
may complicate or

morbidities that may
interfere with a
response to therapy or
have a limb-

life-threatening
infections such as
necrotising fasciitis.

outpatient basis. .
P delay resolution of

. . threatening infection
their infection.

due to vascular
compromise.

1.6. Treatment:
1.6.1. Non-Pharmacological Therapy:
1.6.1.1. Skin Care & Hygiene:
e Keep skin clean and moisturized to prevent cracks [5]
o Treat tinea pedis, wounds, or ulcers promptly.
e Maintain proper nail and foot care to avoid micro-trauma.
1.6.1.2. Wound Care & Dressings:
Goals: Cleanse, protect, and promote healing [33, 34]
e Cleansing: Use normal saline or clean water; avoid harsh antiseptics.
e Dressings:
= Non-adherent (e.g., paraffin gauze) — for superficial wounds.
= Foam or alginate — for moderate to heavy exudate.
= Hydrocolloid/hydrogel — to maintain moisture (not for infected wounds).
e Change as per exudate level; protect surrounding skin with emollient.
1.6.1.3. Oedema & Lymphoedema Control:
e Compression therapy (bandage or stockings) after ruling out arterial disease (ABPI > 0.8) [35].
e Elevation and leg exercises improve lymphatic drainage.
e Complete Decongestive Therapy (CDT): skin care + manual drainage + compression + exercise
[35].
1.6.1.4. Lifestyle & Education:
¢ Weight control, glycaemic management, smoking cessation [5, 34].
e Educate on daily limb inspection, footwear care, and early reporting of redness or swelling.
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1.6.2. Pharmacological Therapy:

1.6.2.1. Class | patients are typically managed with oral antimicrobial therapy on an
outpatient basis [32].
1.6.2.2. Class Il patients are appropriate candidates for short-term hospitalisation (up to 48

hours) followed by discharge on outpatient parenteral antimicrobial therapy (OPAT), where
such services are available [32].
1.6.2.3. Class Ill and Class IV patients require inpatient care until the infected area shows
clinical improvement, systemic signs of infection are resolving, and any co-morbid
conditions are stabilised. Patients with suspected necrotising infections should undergo
urgent surgical evaluation and prompt, extensive debridement of the affected tissue [32].
Patients presenting with mild cellulitis and no systemic signs of infection should receive antibiotic
therapy targeting Streptococcus species [36]. Although Staphylococcus aureus (MSSA) is a less
common etiologic agent, empirical coverage may be considered. The recommended duration of
oral antibiotic therapy is at least 5 days. For non-purulent cellulitis, the preferred regimen is
cephalexin 500 mg every 6 hours. In patients with a severe allergy to B-lactam antibiotics,
clindamycin 300-450 mg every 6 hours is recommended as an alternative.
For patients with purulent cellulitis, MRSA colonization, cellulitis associated with abscesses,
extensive puncture wounds, or a history of intravenous drug use, antibiotic therapy should include
coverage against methicillin-resistant Staphylococcus aureus (MRSA) [5, 36]. In such cases, the
recommended regimen is trimethoprim—sulfamethoxazole (TMP-SMX) 800/160 mg twice daily for
5 days in combination with cephalexin 500 mg every 6 hours. If the patient is allergic to TMP-SMX,
clindamycin 300-450 mg every 6 hours should be used instead.
A longer duration of antibiotic therapy may be warranted for patients demonstrating minimal
improvement after 48 hours of treatment initiation [37].
Hospitalisation and the initiation of intravenous (IV) antibiotic therapy are indicated for patients
who present with systemic signs of infection, have failed outpatient therapy, are
immunocompromised, exhibit rapidly progressing erythema, cannot tolerate oral medications, or
have cellulitis overlying or adjacent to an indwelling medical device [5].
In such patients, IV antibiotics should provide coverage against Group A Streptococcus. In the
absence of MRSA risk factors, therapy should begin with cefazolin (1V), transitioning to cephalexin
(oral) once improvement is noted, completing a total course of 5 days.
If MRSA risk factors are present, initiate treatment with vancomycin (IV), followed by de-escalation
to trimethoprim—sulfamethoxazole (oral) upon stabilisation [37].
For immunocompromised patients requiring parenteral therapy, broad-spectrum antimicrobial
coverage is warranted, typically with vancomycin plus piperacillin—tazobactam or a carbapenem
[36].
Blood cultures should be obtained in patients showing signs of systemic toxicity, those with
persistent cellulitis despite appropriate therapy, or those with unique exposures such as animal
bites or water-associated injuries [37].
Atypical organisms may be implicated in specific exposure-related cellulitis:
e Pasteurella multocida- associated with dog or cat bites.
e Vibrio vulnificus- associated with marine or shellfish-related injuries.
e Pseudomonas aeruginosa- common in diabetic foot ulcers or water exposure.
e Cryptococcus species- possible in immunocompromised individuals.
In patients with significant edema, underlying causes should be addressed to reduce swelling and
prevent recurrent cellulitis. The affected limb should be elevated to enhance venous return and
decrease tissue inflammation [36].
Systemic inflammatory response criteria (SIRS) include:
e Fever>38°C
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e Tachycardia > 90 beats/min

e Tachypnea > 20 breaths/min

e Leukocytosis > 12,000/mm3, leukopenia < 4,000/mm3, or bandemia > 10%.
Table 1.5: Recommended Antibiotic Therapy for Cellulitis [5, 36, 37]

Clinical Type Likely Pathogen Preferred Alternative Durc??on
P y g Antibiotic (if allergic)
Therapy
Non-purulent Streptococcus Cephalexin 500 Clindamycin 300— Minimum
cellulitis spp., MSSA (less | mgPOevery6 | 450 mg PO every 6
. . 5 days
(mild, outpatient) common) hrs hrs
TMP-SMX
. 800/160 mg PO | Clindamycin 300— .
Purulent celluliti M
Lli/lrlFiSe:riZE fgcltosrsr MRSA, MSSA BID + Cephalexin | 450 mg PO every 6 én(;r:tm
500 mg PO hrs Y
every 6 hrs
Hospitalized patients Group A Cefazolin IV = ) ) 5-10
(no MRSA risk factors) Streptococcus, step-down to Clindamycin IV/PO davs
MSSA Cephalexin PO ¥
Li lid
Hospitalized patients | MRSA, Group A Vancomycin IV Damtiznci Icir?r(if 7-10
(MRSA risk factors) Streptococcus - TMP-SMX PO . P . Y days
resistant/intolerant)
. MRSA, Va.ncom\./c.m ¥ Vancomycin +
Immunocompromised Piperacillin— . 10-14
. . Pseudomonas, Meropenem (if
or severe infection Tazobactam or a . days
anaerobes required)
Carbapenem
Amoxicillin—
Animal bite- Pasteurella Clavulanate Doxycycline or 5-10
associated cellulitis multocida 875/125 mg PO Moxifloxacin days
BID
Water-exposure- Vibrio vulnificus, Doxycycline + Fluoroquinolone 10-14
related cellulitis Aeromonas spp. | Ceftazidime IV | (e.g., Ciprofloxacin) days
Diabetic foot / Pseudomonas, Piperacillin= Carbapenem + 10-14
. MRSA, Tazobactam + . )
chronic ulcers . Linezolid days
anaerobes Vancomycin

Surgical intervention in cellulitis is indicated in specific situations where medical therapy alone is
insufficient. While uncomplicated cellulitis is primarily managed with antibiotics, cases associated
with abscess formation, necrotising soft-tissue infection, or treatment failure often require surgical
management [37]. The most common procedure is incision and drainage (1&D), which is the gold
standard for cellulitis accompanied by an abscess [16, 27]. This procedure involves making an
incision to evacuate pus, breaking down loculations, and packing the wound if necessary to allow
proper drainage and healing. In cases where cellulitis progresses to necrotizing fasciitis or another
deep soft tissue infection, prompt and aggressive surgical debridement of necrotic tissue is life-
saving and should be performed urgently [5]. Surgical consultation is also essential when patients
show rapid progression, severe pain disproportionate to findings, bullae, crepitus, or systemic
toxicity, as these signs suggest deep tissue involvement. In chronic or recurrent cellulitis associated
with lymphedema or venous insufficiency, surgical procedures such as lymphatico-venous
anastomosis, lymph node transfer, or subcutaneous tissue excision may be considered to reduce
recurrence by improving lymphatic drainage [5, 37]. Although surgery is not a substitute for
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antibiotic therapy in uncomplicated cellulitis, it plays a critical role in managing complicated cases
and preventing severe complications. According to the Infectious Diseases Society of America
(IDSA) 2014 guidelines, timely surgical evaluation and intervention significantly improve outcomes
in cellulitis with abscesses or necrotizing infections [37].

1.7.  Quality of Life (Qol):

Cellulitis, an acute bacterial infection involving the skin and subcutaneous tissues, significantly
affects patients’ physical, psychological, and social well-being. The “Dermatology Life Quality Index
(DLQI)”, developed by Finlay and Khan in 1994, is a validated tool widely used to assess the impact
of dermatological conditions on quality of life. It consists of 10 questions covering six domains:
symptoms and feelings, daily activities, leisure, work/school, personal relationships, and treatment
burden. Each question is scored from O (not at all) to 3 (very much), giving a total score ranging
from O to 30, where higher scores indicate greater impairment in quality of life [38]. Several studies
have demonstrated that cellulitis has a moderate to severe impact on patients’ quality of life as
measured by DLQI. The physical discomfort, pain, swelling, and restricted mobility associated with
cellulitis lead to functional limitations and social withdrawal. In hospitalised patients with cellulitis,
mean DLQI scores typically range from 10 to 14, indicating a moderate to large effect on daily life
[35]. Moreover, recurrent cellulitis is associated with even higher DLQI scores due to chronic
edema, disfigurement, and anxiety over recurrence [34]. Patients often report embarrassment
over visible lesions, difficulty performing daily tasks, and disruption in occupational or social
activities. Additionally, treatment-related factors such as frequent dressing changes,
hospitalization for intravenous antibiotics, and prolonged recovery periods contribute to the
overall burden. The use of the DLQI in cellulitis research and clinical practice provides a quantitative
measure of disease burden, emphasizing the importance of holistic management approaches that
address not only infection control but also psychological and social aspects of care. Therefore,
integrating DLQI assessments in clinical settings can guide clinicians to implement patient-centred
interventions and improve overall well-being [36].
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Su MUharibalari: Kiranin on Qiymatli
Resursunun Paylanma Cografiyasi

dliyeva Safaqg Mammad qz
ADPU-nun Saki filiali, maallim

Agar sozlar: Su Miharibalari, Su Diplomatiyasi, Transsarhad Caylar, Geosiyasi Garginlik, Regional
Mdinagisaler.
Giris

Sirin su, Yer klirasinda hayatin va igtisadi inkisafin asasi olan kritik strateji resursdur. Lakin
onun paylanmasi cografi cahatdan son darace geyri-barabardir. Bu disbalans, xUsusila son
onilliklards, ahali artimi, urbanizasiya va kand tasarrifatinin intensivlesmasi ila birlasarak, su
ehtiyatlarini geosiyasi garginliyin ve potensial munagisalarin markazina c¢evirmisdir. "Su
Muiharibalari" termini, transsarhad cay hévzalarinda suyun tanzimlanmasi ugrunda gedan siyasi
mibarizani tasvir edir. Bu magala suyun paylanma cografiyasini, iglim dayisikliyinin tasirini, asas
miinaqgisa zonalarini va dayanigli su diplomatiyasinin shamiyyatini darindan analiz edir.

. Su Ehtiyatlarinin Cografi Tesnifati ve Telabatin Dinamikasi

1. Fiziki Cografi Qeyri-Barabarlik

Yer sathindaki sirin suyun cox kigik bir hissasi (taxminan 0.3\%-i) alcatan sathi su kimi
movcuddur. @sas manbalar yagis sulari ils gidalanan caylar, gollar va yeralti sular (grunt sulari)
hesab olunur. Cografi zonallig baximindan:

* Ritubstli Bolgalar (Ekvatorial, Musson): YUksak yaginti normasina malikdir, lakin stratli
urbanizasiya va cirklanma sababindan ehtiyatlar risk altindadir.

* Qurag va Yariguraq Bolgalar: Tabii su catismazhgl olan bu bolgalards (masalan,
Sahraatrafi Afrika, Yaxin Sarq) su, ham igtisadi, ham da siyasi sabitlik Uclin hayati shamiyyat kasb
edir.

2. Talabatin Artmasi va Virtual Su Konsepsiyasi

Qlobal su istehlaki kand tasarrtfatt (70\%), sanaye (20\%) ve maisat (10\%) arasinda
bolusdurulir. Kend tasarrifatinda irrigasiya (suvarma) sistemlarinin ssmarasizliyi, xisusila inkisaf
etmakda olan 6lkalards, su itkilarinin asas manbayidir.

Virtual Su (Virtual Water): Bu konsepsiya, bir mahsulun istehsali zamani istifada olunan
suyun hacmini 6lcir. Masalan, bir fincan gshva Uclin tagriban 140 litr su lazimdir. Olkslarin virtual
su ixracl va idxall, onlarin real su ehtiyatlari Gzarindaki tazyigi yumsalda va ya artira bilar. Su qithig
olan 6lkalar gida mahsullarini idxal etmakls "gizli su" idxal edirlar, bu da daxili resurslari gorumaga
komak edir.

1. iglim Dayisikliyinin Tasiri: Su Tahlikasizliyina Geosiyasi Tohdid

iglim dayisikliyi su ehtiyatlarinin cografi paylanmasini kaskin sakilda dayisdiran ssas
antropogen amildir.

1. Yadinti Rejiminin Pozulmasi: iglim modellari bir cox bolgalarda, xisusils Araliq danizi
hovzasinda va Afrikanin bazi hissalarinds uzunmiddatli quraghglarin tezliyinin artacagini gostarir.
Bu, kend tasarrifatt mahsuldarhgini azaldir va arzaq tahllkasizliyini riska atir.

2. Buzlaglarin 9rimasi: Asiya (Himalay), And daglari va digar yiksak dagliq srazilardaki
buzlaglar, ilboyu caylari gidalandiran tabii su anbarlaridir. Buzlaglarin sirstle srimasi qisa
middatda dasqginlara, uzun middatds isa caylarin axin hacminin kritik sakilde azalmasina sabab
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olur. Masalan, Markazi Asiyanin asas caylari olan Amudarya va Sirdarya buzlag gidalanmasindan
asihdir.

3. Daniz Saviyyasinin Qalxmasi va Soranlasma: Daniz saviyyasinin galxmasi sahilboyu
arazilards yeralti sirin su ehtiyatlarinin daniz suyu ila garismasina va soranlasmasina sabab olur, bu
da xususila six maskunlasmis deltalar (masalan, Bangladesds Qang deltasi) Gc¢lin ciddi problemdir.

[ll. Geosiyasi Garginlik Bélgalari: Transsarhad Hovzalarin Cografiyasi

Diinya Uzra 263 transsarhad cay hovzasi mdvcuddur. Bu hévzalards suyun idara edilmasi
yuxarl axin dovlatlari (suyu tenzimlamak imkani olanlar) va asagl axin dovlstlari (suyun
migdarindan asili olanlar) arasinda ziddiyyatlar yaradir.

1. Yaxin Sarq: Farat va Dacls (Turkiya- Suriya- iraq)

Bu caylar bolganin su taminatinin 90\%-dan ¢oxunu taskil edir.

* Tlrkiyanin Rolu: Turkiyanin bu caylar Uzarinds insa etdiyi GAP (Canub-Sargi Anadolu
Layihasi) ¢arcivasindaki nahang bandlar (xtsusila Atatik bandi) asagi axin dovlatlarina axan suyun
miqgdarini azaldaraq, regionda siyasi garginliyi artirir.

* Ekoloji Fesadlar: iragda batagliglarin qurumasi va torpaglarin soranlasmasi (antropogen
sahralasma) kimi ciddi ekoloji problemlar yaranib.

2. Markazi Asiya: Amudarya va Sirdarya

Bu caylar bes Markazi Asiya 6lkasinin (Ozbakistan, Qazaxistan, Tirkmanistan, Tacikistan,
Quirgizistan) igtisadiyyatlari Ggln kritikdir.

* Minagisanin Cografiyasi: Qirgizistan va Tacikistan (yuxari axin) hidroenergetika (gisda
elektrik enerjisi istehsali) ticiin su ehtiyatini saxlamaqgda, Ozbakistan va Tirkmanistan (asagi axin)
ise kand tasarrifat (yayda suvarma) Uclin su axininin sarbast buraxilmasinda maraglidirlar. Bu
maraglar arasindaki ziddiyyat Araz goélinin gurumasina da sabab olan regional falakats gatirib
cixarib.

3. Nil Hévzasi (Efiopiya- Sudan- Misir)

Afrika gitasinin an uzun cayi olan Nil, on bir 6lkadan kegir.

* GERD Krizi: Efiopiyanin Mavi Nil Gzarinda insa etdiyi Boylk Efiopiya intibah Bandi
(GERD), Misir va Sudan tarafindan milli tahlikasizlik masalasi kimi giymatlandirilir. Misir bandin
doldurulma sdratinin onun su payini (1959-cu il migavilasi asasinda) kaskin azaldacagindan
narahatdir.

IV. Hall Yollari: Su Diplomatiyasi ve Dayanigl Resurs idaragiliyi

Su minagisalarinin harbi minagisaya cevrilmasinin garsisini almaq Ggin su amakdasligl
modeli tatbig edilmalidir.

1. Beynalxalg Hiqugi Cargiva

* BMT Konvensiyalari: 1997-ci il BMT-nin Transsarhad Su Axinlarinin istifadasinin
Hlquguna dair Konvensiyasi suyun "adalatli va aglabatan" istifadasi prinsipina asaslanir. Bu
konvensiyalarin tatbiqi, taraflara bir-birinin maraglarini nazara almag éhdaliyi qoyur.

2. Institusional Mexanizmlar

* Hovza Toskilatlari: Tersflorin dialog aparmasi Ggiin Cay Hovzasi Taskilatlarinin
yaradilmasl. Masalan, Reynda va Dunayda ugurlu emakdasliq tacribalari suyun idara edilmasinda
siyasi garginliyi azaltmaga kdmak edir.

* Malumat Mubadilasi: Transsarhad malumatlarin (su axini, yagis prognozlari, bandlarin
vaziyyati) saffaf va miintazam mubadilasi garsiligli etimadi artirir.

3. Texnoloji va igtisadi Samaralilik

* Mavi Ingilab: Kond tasarrifatinda damci suvarma va digar su genast edan
texnologiyalarin tatbigi.

* Duzsuzlasdirma va Tokrar istifada: Xisusila sahil 6lkalarinds daniz suyunun
duzsuzlasdiriimasi (enerji samaraliliyi artirimagla) ve tullanti sularinin temizlenarak takrar
istifadasi.
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* Su Qiymatlarinin Tanzimlanmasi: Suyun igtisadi dayarini aks etdiran giymat siyasatinin

tatbigi ssmarasiz israfin garsisini alir.
Natica

Su ehtiyatlarinin cografi paylanmasi, iglim dayisikliyinin artan tasiri fonunda, XXI asrin an
ahamiyyatli geosiyasi problemlarindan biridir. Transsarhad cay hovzalarindaki garginliklar suyun
tamiz, sabit ve alcatan taminatinin zaruriliyini vurgulayir. Su muharibalari riskini azaltmaq yalniz
harbi-siyasi yolla deyil, ilk névbada su diplomatiyasli, beynalxalg hliqugi 6hdsliklara amal edilmasi
va cografi realliglari nazara alan dayanigh resurs idaraciliyi ile mUmkindur. Su, ragabat manbayi
deyil, regional sabitlik va davamli inkisaf G¢ln asas amakdaslig movzusu olmalidir.
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