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AI-BASED ADAPTATION OF EDUCATIONAL MEDIA CONTENT FOR
PERSONALIZED DIGITAL LEARNING

Abstract: This paper examines human—Al collaboration for personalized learning in
higher education and proposes a practical framework to balance automation with educator
agency. Using a mixed-methods approach, we synthesize recent meta-analytic evidence on Al-
enabled learning (e.g., intelligent tutoring systems, generative Al, adaptive platforms) and
conduct a comparative analysis of four representative cases relevant to university contexts: (1)
an Al-enabled Virtual Teaching Assistant (AIIA) integrated with LMSs; (2) HSE University’s
experimentation with YandexGPT-driven chatbots and joint initiatives; (3) Squirrel Al’s
mastery-based adaptive system; and (4) Coursera’s large-scale personalization mechanisms.
Across studies, meta-analytic estimates range from moderate to large effects on academic
achievement (e.g., d=0.66 for intelligent tutoring; d~0.86—0.92 for broader Al interventions),
with consistent positive impacts on engagement and satisfaction. We synthesize design
principles—transparency, teacher-in-the-loop, assessment alignment, and robust governance—
into a Human—AI Collaboration Framework, and outline a phased roadmap for university
adoption (policy, pilot, scale). We also discuss risks (bias, privacy, integrity) and mitigation
strategies aligned with the UNESCO guidance on generative Al in education. The results
indicate that universities can achieve measurable gains in learning outcomes and student
experience by positioning Al as an augmentative partner to instructors, rather than a
replacement.

Keywords: personalized learning; higher education, intelligent tutoring, generative Al,
human—AI collaboration, LMS; governance

Introduction. Universities worldwide are rapidly experimenting with artificial
intelligence (AI) to personalize learning pathways, reduce feedback latency, and support diverse
learners at scale. While personalization has long been a goal of digital education, recent
advances in large language models (LLMs), intelligent tutoring systems (ITS), and adaptive
platforms have made it feasible to deliver on-demand, context-aware support within Learning
Management Systems (LMS). However, the promise of AI must be balanced with educator
oversight, academic integrity, and equitable access. This paper asks: How should universities
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orchestrate human—Al collaboration to maximize learning gains while safeguarding quality and
ethics?

We make three contributions: (1) a synthesis of contemporary evidence on Al-enabled
personalization in higher education; (2) a comparative analysis of prominent exemplars (AIIA
in LMS, HSE-YandexGPT initiatives, Squirrel Al, Coursera) highlighting design trade-offs;
and (3) a Human—AI Collaboration Framework with a pragmatic adoption roadmap for
universities. Our target audience includes scholars, instructional designers, and digital leaders
overseeing Al integration in university teaching and learning

Literature review

The research landscape surrounding Al-driven personalization in higher education has
evolved rapidly in the last decade, intersecting fields such as learning analytics, adaptive
learning systems, and generative Al. Meta-analyses and systematic reviews consistently indicate
that Al-supported instruction leads to measurable improvements in learning outcomes,
particularly when the technology is integrated into existing pedagogical frameworks rather than
implemented as an isolated tool.

Classic studies on intelligent tutoring systems (ITS) (e.g., Kulik & Fletcher, 2016; Ma &
Adesope, 2014) demonstrate average learning gains of roughly two-thirds of a standard
deviation (d = 0.66) compared with conventional classroom instruction. These systems simulate
one-on-one tutoring by providing immediate corrective feedback and dynamically adjusting task
difficulty. Their strength lies in mastery learning and fine-grained feedback loops that human
instructors often cannot sustain at scale.

More recent work extends this evidence base to broader categories of Al-enabled
education. For example, Dong et al. (2025) and Zhang et al. (2025) synthesize hundreds of
studies published between 2014 and 2024, reporting pooled achievement effects between 0.86
< d <£0.92, alongside increased engagement, motivation, and satisfaction. Importantly, these
gains are not confined to STEM subjects: Al interventions in writing, language acquisition, and
social sciences show comparable effects when the Al system provides formative guidance rather
than summative evaluation.

Several empirical investigations (Ilieva et al., 2023; Chernikova et al., 2024) refine this
understanding by differentiating between adaptivity (the system automatically tailors content)
and adaptability (the learner configures Al assistance). Their results suggest that hybrid
configurations—where both student agency and system intelligence are balanced—produce the
highest motivation and self-efficacy scores.

At the same time, scholars warn against overreliance on algorithmic personalization. Bias,
data privacy, and algorithmic opacity are recurrent concerns (UNESCO, 2023; Strielkowski et
al., 2025). Large language models trained on public data may reproduce cultural or linguistic
biases, and inadequate governance can amplify inequities. Consequently, UNESCO and OECD
advocate a human-centered Al approach emphasizing transparency, explainability, and human
oversight in educational contexts.

A growing body of qualitative research highlights teachers’ evolving roles in Al-mediated
learning environments. Educators increasingly function as curators, mentors, and ethicists rather
than sole transmitters of knowledge. Studies by Sajja et al. (2024) and Joshi (2024) describe
how instructors who co-design Al-supported lessons report higher instructional efficiency and
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stronger student trust. Conversely, where automation replaces rather than augments teacher
feedback, student engagement declines despite technical sophistication.

Cross-national comparisons also reveal contextual variation. China’s Squirrel Al
demonstrates how large-scale adaptive systems can yield rapid performance improvements
under standardized curricula, whereas Europe and Central Asia prioritize smaller pilots
emphasizing data protection and academic integrity. In Russia, HSE University’s collaboration
with YandexGPT exemplifies an institutional attempt to combine local language models with
academic governance, showing that cultural and regulatory alignment matters as much as
technical accuracy.

Finally, the literature converges on a central insight: effective personalization in higher
education emerges not from Al autonomy but from intentional human—AlI collaboration. The
most promising implementations embed teachers within feedback loops, allowing them to
interpret Al analytics, mediate ethical dilemmas, and contextualize algorithmic
recommendations. This synthesis lays the conceptual groundwork for the Human—Al
Collaboration Framework proposed in the next sections.

Methodology

We adopt a mixed-methods design: (1) evidence synthesis from recent meta-analyses and
systematic reviews on Al-enabled learning (2014-2025), prioritizing higher education; and (2)
comparative case analysis of four implementations selected for relevance to universities and
data availability. We extract reported outcomes (achievement effect sizes, engagement metrics,
self-reported benefits) and implementation features (Al components, personalization
mechanisms, teacher roles, governance). The synthesis informs a conceptual framework and a
practical adoption roadmap. No new human-subjects data were collected; the AITU case is
discussed as a prospective pilot and institutional context.

Case Analysis

AIIA (Al-enabled Virtual Teaching Assistant)

The Al-enabled Virtual Teaching Assistant (AIIA) represents a new generation of
intelligent systems designed to enhance the digital learning environment within university
Learning Management Systems (LMS) such as Canvas or Moodle. The framework combines
natural language processing, retrieval-augmented generation, and adaptive assessment modules
to deliver real-time personalized support for both students and instructors. AIIA functions as an
interactive layer between learners and course content, capable of answering context-specific
questions, generating formative quizzes, summarizing lecture materials, and recommending
additional resources aligned with individual progress.

Pilot implementations at Astana IT University and similar institutions show that
integrating AIIA into existing LMS workflows increases overall student activity and reduces
response latency for academic queries. Usage analytics indicate a rise in forum participation,
more consistent assignment submission rates, and improved satisfaction with feedback
turnaround times. Instructors benefit from automated insights—dashboards visualize class-wide
comprehension gaps, highlight struggling students, and suggest adaptive interventions based on
Al-driven content analytics.

Beyond efficiency gains, AIIA encourages metacognitive learning by allowing students
to reflect on explanations and rephrase questions to refine their understanding. Importantly, its
design follows a “teacher-in-the-loop” paradigm: educators review Al-generated responses,
ensuring accuracy, pedagogical coherence, and academic integrity. This dual control

3
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mechanism mitigates hallucination risks and maintains trust in digital interactions. As
institutions scale AIIA deployment, success will depend on transparent data governance,
localized language models, and continuous alignment between technological affordances and
human pedagogy.

HSE University - YandexGPT Initiatives

The Higher School of Economics (HSE University) in Russia has emerged as a pioneering
institution in the integration of large language models (LLMs) into higher education,
collaborating closely with Yandex Education and the developers of YandexGPT. The
partnership seeks to explore how generative Al can enhance academic communication,
automate routine student inquiries, and facilitate content creation for both teaching and
administrative purposes. The initiatives encompass multiple layers of experimentation- from
public competitions such as the Al Olympiad (AIDAO) co-hosted by HSE and Yandex, to
internal research projects and master’s theses investigating the application of YandexGPT for
student advising and text-processing tasks.

The YandexGPT-based chatbot prototypes deployed within HSE’s digital environment
are designed to assist students with admissions-related questions, schedule navigation, and
academic regulations, while also supporting faculty with document summarization and
automated test generation. Preliminary evaluations indicate reductions in administrative
workload and improvements in information accessibility. Students reported higher satisfaction
with institutional responsiveness and valued the availability of 24/7 multilingual support.

Despite these promising developments, formal impact assessments and longitudinal data
remain limited. HSE’s approach nevertheless illustrates a strategic model for institutional Al
alignment, where governance, ethical oversight, and localized language technology evolve
simultaneously. The collaboration underscores the importance of developing Al solutions that
reflect linguistic, cultural, and regulatory contexts, providing a blueprint for other universities
seeking to responsibly embed generative Al into their academic ecosystems.

Squirrel AI (Mastery-Based Adaptive Learning)

Squirrel Al, a leading Chinese adaptive learning company, represents one of the most
mature implementations of Al-driven personalization at scale. Its platform utilizes fine-grained
knowledge maps that break each subject into thousands of micro-concepts, enabling the system
to identify precise learning gaps and adjust instruction dynamically. By applying mastery
learning principles, the platform ensures that learners advance only after demonstrating full
comprehension of prerequisite topics.

Efficacy studies presented at the American Educational Research Association (AERA)
and in independent evaluations show statistically significant improvements in student test
performance compared to traditional classroom instruction, particularly in mathematics and
science. Learners using Squirrel Al spend less time on topics they have already mastered and
more on areas requiring reinforcement, optimizing both engagement and efficiency.

Although originally designed for K—12 education, the underlying model — continuous
diagnostics, micro-objectives, and adaptive sequencing — offers strong transfer potential to
university “gateway” courses such as calculus, physics, and statistics. For higher education,
Squirrel AI’s approach demonstrates how algorithmic adaptivity and human oversight can
coexist to achieve scalable, data-informed personalization that aligns with institutional learning
outcomes.
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Coursera (MOOC-Scale Personalization)

Coursera represents one of the largest global experiments in Al-enabled personalization
within the Massive Open Online Course (MOOC) ecosystem. The platform employs large-scale
recommender systems and skill-mapping algorithms to construct individualized learning
pathways for millions of users. Based on learner profiles, prior activity, and skill assessments,
the system suggests optimal course sequences, micro-credentials, and career-aligned
specializations. This algorithmic guidance is supported by adaptive assessments, automated
grading, and language-specific content recommendations.

According to the Coursera Learner Outcomes Reports (2023, 2025), over 80% of
surveyed learners reported personal or professional benefits, including promotions, new
employment, and improved academic readiness. These findings demonstrate the global
relevance of scalable personalization when supported by robust data analytics.

Although Coursera is not a university LMS, its design mechanisms—recommendations,
stackable credentials, adaptive feedback, and progression tracking—offer valuable insights for
higher-education institutions seeking to align degree programs with learner competencies. The
platform’s experience illustrates how large-scale personalization can coexist with academic
rigor through structured learning design, data ethics, and transparent credentialing frameworks.

Findings and Discussion

Synthesizing across meta-analyses and empirical cases, five key findings emerge that
collectively illuminate the dynamics of human—AlI collaboration in higher education.

(F1) AI support yields moderate-to-large gains in academic achievement when
interventions are aligned with curricular goals and assessment frameworks. Conversational and
adaptive tools demonstrate the strongest outcomes, particularly in disciplines where feedback
cycles can be automated without compromising conceptual depth.

(F2) Human oversight remains pivotal. Teacher curation of prompts and continuous
supervision of Al-generated materials preserve academic integrity and ensure contextual
relevance. Instructors who remain in the loop tend to achieve more sustainable learning gains
and higher student trust.

(F3) Institutional governance frameworks—including policies on privacy, intellectual
property, and academic honesty—serve as essential enablers of ethical Al adoption. The
UNESCO guidelines on generative Al provide a pragmatic baseline for responsible deployment.

(F4) Engagement and persistence benefits are most visible in large foundational courses,
where Al reduces cognitive load by providing immediate, adaptive feedback and scaffolding.

(F5) Finally, implementation fidelity and data governance determine long-term impact.
Transparent model boundaries, consistent dataset validation, and explicit prompt governance
minimize systemic bias and enhance reproducibility. Together, these findings reaffirm that Al
effectiveness depends not only on technical sophistication but on sustained collaboration
between educators, students, and institutional policy makers.
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Human-Al Collaboration Framework

Instructor Al Services Student
(goal setting, (chatbot, ITS, (profile,
assessment, recommendations, E mastery,

ethics) analytics) preferences)

LMS / Data Layer
(content, grades, events,
privacy controls)

(UNESCO-aligned policies,
privacy, academic integrity)

Governance ‘

Figure 1 — Human—AlI Collaboration Framework (teacher-in-the-loop with governance
and LMS integration).

Table 1 — Comparative overview of Al-enabled personalization cases in higher
education context.

Case Education level | Personalization mechanism | Documented Notes / risks
/ context outcomes
AIIA (VTA in | University Conversational support, Feasibility of Requires
LMS) (LMS-integrated) | quiz/flashcard generation, personalized curated
content retrieval pathways; knowledge
increased LMS base; academic
engagement integrity
(reported) policies
HSE x University Admissions/helpdesk Early-stage pilots; | Data privacy;
YandexGPT pilots / initiatives | chatbots; academic pilots qualitative governance
improvements in alignment;
access to info Russian-
language
context
Squirrel Al Secondary — Mastery learning, fine- Improved test External
transferable to grained knowledge maps, performance vs. validity for HE
HE gateway adaptive sequencing conventional courses must be
instruction in trials | established
Coursera MOOC Recommender systems, High self-reported | Self-selection
platform (global | skill maps, adaptive pacing | personal/career bias; not
HE/CE) benefits; identical to
persistence signals | campus LMS
settings
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Figure 2 — Selected meta-analytic effect sizes for Al-enabled learning.

Proposed Human—AI Collaboration Model

We propose a teacher-in-the-loop model comprising five layers: (1) Governance (policy,
privacy, academic integrity; UNESCO-aligned); (2) Data/LMS (content, activity streams,
gradebook, consent management); (3) Al Services (conversational agent, adaptive practice,
analytics); (4) Human Roles (instructor curation and oversight; student agency and reflection);
and (5) Evaluation (learning outcomes, engagement, equity).

Design Principles: transparency (disclose Al boundaries/sources), controllability (opt-
outs, audit trails), alignment (rubrics and formative assessment), inclusion (multilingual and
accessibility features), and safety (content filters, privacy-by-design).

Implementation Roadmap for Universities

Phase 0 — Policy & Readiness: Approve institutional guidance (acceptable use, integrity,
disclosure), data protection impact assessment, and staff training.

Phase 1 — Pilot (1-2 courses): Embed a course-bounded assistant (retrieval from course
materials only), establish prompt governance, and evaluate learning outcomes vs. controls.

Phase 2 — Scale: Extend to gateway courses, integrate adaptive practice, and embed
dashboards for early alerts. Establish continuous improvement loops with instructors.

Phase 3 — Institutionalization: Connect to program-level outcomes, ensure
accessibility/translation, and conduct periodic bias/impact audits.

Limitations and Future Work

This synthesis aggregates published studies with varying designs; heterogeneity and
publication bias may inflate pooled estimates. University contexts differ in student
preparedness, policy environments, and resource availability; transferability requires local
validation. Future work should include randomized, course-level trials in higher education with
pre-registered analysis plans, and multi-site evaluations that assess not only achievement but
also equity, wellbeing, and instructor workload.

Conclusion

Human—AI collaboration can deliver meaningful personalization in university teaching
when Al augments - not replaces - educators. Evidence points to substantial gains in
achievement and engagement under teacher-in-the-loop designs that align Al support with

12
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curriculum and assessment. By following governance-aligned roadmaps and transparent design
principles, universities can scale responsible Al that improves learning outcomes while
safeguarding academic integrity and student trust.
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bexkyxknna Anqus PymMuoeKkKbI3bl

BrimyckHnna mkossl-rumHasuu Ne'75
(r.Acrana, Kazaxcran)

MO/JA B KABAXCTAHE: TPAJJUIIMU 1 COBPEMEHHBIE TEHJIEHIINN

AHHOTAUMsI: B JAaHHOW CTaThe MbI PACCMOTPEIH W HM3YUYHUJIM OCOOEHHOCTH MObI B
Kazaxcrane, €€ CBsI3b C HAlMOHAIBHBIMU TPATULUSIMU M COBPEMEHHBIMU MHUPOBBIMU
TeHeHusIMU. Oco0oe BHUMaHUE yIeNIIEeTCS BIUSHUIO KYJIbTYPHOTO HACIEIUs Ha TBOPUYECTBO
Ka3aXCTaHCKUX JM3aliHEpPOB, pa3BUTHUIO OTEUECTBEHHBIX OpPEHIOB U POJM MOJHBIX
MEPOIPUATHN.

KiwudeBble cjoBa: Tpaguluy, Ka3axCTaHCKUE JU3alHEpBl, MoOJa, Ka3axckas
HallMOHAJIbHAS OJCXK/a, HAIlMOHAIbHAA UJACHTUYHOCTh, YCTOMUYMBOE pa3BUTUE, COBPEMEHHBIC
tennennun, Kazakhstan Fashion Week, sTarnueckuii cTuib.

Mopa naBHO niepecTaia ObITh MPOCTO CIOCOO0M BbIOOpa oAk 1bl. CeroaHs OHa SIBIIAETCS
BaYKHOM YaCThIO KYJIBTYPhl Hapo]ia, 9KOHOMHUKH U 00IIECTBEHHOM XKU3HU. Yepes 01exK Ty JTHI0Au
BBIPAXAIOT CBOI0 WHIWBUAYAIbHOCTh, MOMYEPKUBAIOT MPUHAIICKHOCTh K ONPEACIEHHOU
COLMAJIbHOM Tpynne MU AEMOHCTPUPYIOT OTHOIIEHHWE K COBPEMEHHBIM TEHACHIUSAM. B
Kazaxcrane Mojia pa3BuBaeTcsi 0COOCHHO UHTEPECHO, TOCKOJIBKY HAaXOJUTCS Ha MepeceyeHUun
HallMOHAJIBHBIX TPAJULHUN U MUPOBBIX TpeHAOB. COBpEMEHHbBIE Ka3aXCTAaHCKHUE IU3aliHEphI
CTPEMSATCS] COXPAHUTh KyJIbTYPHOE HACIIEINE HAPOIa U OJHOBPEMEHHO CO3/1aBaTh aKTyallbHbIC
KOJUIEKIIUH, CIOCOOHBIE KOHKYPHUPOBATh HA MEXIYHAPOJHOM YPOBHE.

3a mnocnennue pgecatTuieTuss KaszaxcraH mepexusl 3HAYUTENbHBIE COIMANbHBIE U
SKOHOMHMYECKUE W3MEHEHHS, KOTOPhIE HAIUI OTpaKEHUE U B MOJHOU MHIAyCTpUH. «Kaxapiii
roJi COOBITHE CTAHOBUTCS BCE 00JI€€ 3HAUMMbBIM HE TOJIBKO JJI1 HHAYCTPUU MO/, HO U 17151 BCEH
KpeaTuBHOM 3KkoHOMUKHM Kazaxcrana». — bayeipxkan IllaasiOexoB, pykoBoautens Almaty
Fashion Week. [5] Ecnu panbliie BBIOOP 0J1€3K/IbI ObLJT OTPAHUYEH, TO CETOIHS YKUTEIU CTPaHBI
UMEIOT JIOCTyIl K MHPOBBIM OpeHJaM, HWHTEPHET-Mara3uHaM U HOBBIM TEXHOJOTUSIM
MPOU3BOJICTBA. BMecTe ¢ 3TUM pacTET MHTEpeC K HAMOHAIBHOW WJIEHTUYHOCTH, YTO JIEJIAET
Ka3aXCTaHCKYIO0 MOJly YHUKAJIbHBIM SIBIEHUEM B COBPEMEHHOM MHUPE.

Hcropust ka3axckod OJIexkabl TECHO CBSI3aHA C KOUYEBBIM 00pa3oM >KW3HU Hapoma. Ha
MPOTSHKEHUU BEKOB OJICK/Ia TOJDKHA Oblla OBITh HE TOJBKO KPACHBOM, HO U MpakTUYHOU. OHa
3aIuInaga OT Kaphl JIETOM M XO0JIOAa 3UMOM, MO3BOJIsIa CBOOOTHO MEPEABUTATHCS BEPXOM H
BBIJICPKMBAJIa CYPOBBIC KIIMMATUYECKUE YCIOBUSA CTENH. [2] «3BEpUHBIIN CTHIIb OBIJT 0COOEHHO
NOMYJISIPEH CpeAy KOUYEBHHMKOB, TaK KakK OH OTpa)kaJl MHUPOBO33PEHHE, KyJIbTYpy U ObUI
OTJIMYUTEIIBHON YEPTOU IIIEMEHU.

OCHOBHBIMM MaTepHalaMU JIJII U3TOTOBJICHUS OJIEXK bl CIY>KHIIM IIEPCTh, KOXKa, MEX U
BOMJIOK. M3 HUX MMM 4YamaHbl, KaM30JIbl, IIanaHbl, TOJOBHbIE yOOpel M 00yBb. Ocoboe
BHUMAaHHE YJIETSAIOCh JIEKOPATUBHOMY OdopmileHHI0 u3aenuil. HanuoHaibHble OpHAMEHTHI
MMEJId CUMBOJIMYECKOE 3HAYEHUE U OTPAKAIM MPEACTABICHHS HApOJa O MPUPOJE, CEMbE U
onarononyuuu. TpaauIIMOHHBIE MOTHMBBI YKpallaldd HE TOJBKO OAEXKIY, HO U IOBEIUPHbBIC
U3JIeUsl U3 30J10Ta U JAPYTHX METAJUIOB, MOJUYEPKUBAs HAILMOHAJIBHYIO CAMOOBITHOCTB. [3]
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MHorue opHaMeHTBI IEPENABATIUCH U3 IIOKOJICHHS B IIOKOJIEHUE U CUMTAIMCH BAXKHOW 4aCTBIO
KyJbTYpHOTO Haciiequsi Hapoja. KeHckas olexaa OTIMYaJach SIPKOCTbIO M OOrarcTBOM
nekopa. Jlns ykpameHuss UCHOJIb30BAINCH CEPEOpSHbIE M3JEMs, BBIIIMBKA U JparolueHHbIE
KaMHUA. My’KCKHE KOCTIOMBI ObUTH 0oJiee CAEpKAHHBIMHU, HO TAKXXE COACP AU SJICMEHTHI
HallMOHAJIBHOTO OpHaMeHTa. TpaJauiMoHHAsA OJeXkJa HE TOJIBKO BBIMNOJHSIA MPAKTUYECKYIO
GyHKIINIO, HO U CITyHJIa MOKa3aTeJIeM COLMaIbHOTO CTaTyca yenoBeka. [1]

B XXI Beke nHTEpEC K HALMOHAIBHOU KYJIbTYPE 3HAUUTEIIBHO BEIPOC. MHOTHE MOJIOJIBIE
JIOJIU CTalli o0palarh BHUMaHUE Ha UCTOPHUIO CBOETO HAPOJA U CTPEMUTHCS COXPAHUTH €€ B
MOBCEIHEBHON XW3HU. DTO OTpaswioch U Ha mone. CeromHs 3J€MEHThl TPAaJULHOHHOIO
Ka3aXCKOr0 KOCTIOMa MOYKHO YBHJIETh HE TOJIBKO Ha MTPA3IHUKAX, HO U B COBPEMEHHOM OJEKIE.
Hanpumep, Ha Xynu  MOSBISAIOTCS BBILMBKU C OPHAMEHTAMU, CEPbI'Y HAIIOMUHAIOT JPEBHUE
aMyJIeThl, & TPAJAULIHOHHBIE Y30Pbl IEPEKOYEBBIBAOT HA KEABI U CYMKH. DTO HE CIIy4YalHOCTb -
3TO MOKOJIEHUE, KOTOPOE TOBOPUT HA SI3BIKE MOJIBI, HO TyMA€ET Ha SI3BIKE TPAIULINH.

JIn3aiiHephl aKTUBHO MCIIOJIB3YIOT HAIMOHAJIBHBIE OPHAMEHTHI, TPAIUIIMOHHBIE CHITYITHI
Y dTHHYECKUE MOTHBBL. COBPEMEHHBIE IUIATHS, KOCTIOMBI U aKCECCyapbl HEPEIKO BKIIFOYAIOT
JeTajav, BAOXHOBIEHHBIE UCTOpUYECKUM HacieaueM Kazaxcrana. TakoW MOAXOX ITO3BOJISIET
COXpaHUTh  KYyJbTYPHYIO  CaMOOBITHOCTb W  OJIHOBPEMEHHO  CO3/1aBaThb  OAEXKIY,
COOTBETCTBYIOIIYIO TpPEeOOBAaHUAM COBPEMEHHOM MOjabl. OCOOEHHO MOMYJSPHBIMU CTaJH
KOJUIEKIIVH, ITOCBSIIEHHBIE Ka3aXCKOW NCTOPUU, UCKYCCTBY M HApOAHBIM peMEciiaM. biraronaps
OTOMY MOJIOJOE IIOKOJIEHHE 3HAKOMUTCA C KYJIbTYPHBIM HacClIeIueM CTpaHbl 4epe3
COBpEMEHHBIE (POPMBI UICKYCCTBA U AU3aiiHA.

Kak u 60apmMHCTBO CTpaH Mupa, KazaxcTaH UCIIBITHIBAET CUIILHOE BIUSHUE II100aJIbHOM
MOJIHOM MHAYCTpuH. MexayHapoaHble OpeH/Ibl, COLMAIbHBIE CETU U LU(PPOBbIE TEXHOJIOTHH
(GOpMHPYIOT BKYChl MHJUIMOHOB JtOoJied. MoONOAEXs aKTUBHO CIEAUT 3a TPEHAAMH 4epes
WHTEPHET, BIOXHOBIISSICh CTHJIEM U3BECTHBIX MOJIEIIEH, My3bIKaHTOB U OJIOT€pOB.

Cerognsa B Kazaxcrane momyssipHbl pasnvuHble HampasiieHHs Mozbl. Cpeau HHX -
MUHUMAJIM3M, CIOPTUBHBIA CTHIb, Streetwear m casual. MHorve npeamnoyuTaroT yI0OHYIO
OJIEKy, KOTOpasi MOAXOAUT AJisg y4€Obl, padOThl M MOBCENHEBHOU u3HU. [{u3aiiHep OpeHna
ARUNAZ, Haszeim KapnbeikoBa roBoput: «Ha mnepBblii MmiaH BbIIUIM  YJIOOCTBO U
OpakTUYHOCTB». Ilpu 3TOM BCEM IIOAM CTpEMSTCA Co34aBaTh COOCTBEHHBIH CTUIIb,
KOMOMHMPYSI MUPOBBIE TEHICHIIUHU C HALIMOHAJIbHBIMH 3JIEMEHTAMHU.

ConmasibHble CETH CBHITPaJid 0COOYIO POJb B pa3BUTHH MOAbl. [lnardopmbl mo3BossIOT
AU3aHepaM JI€MOHCTPUPOBATH CBOM KOJUICKLHH IIMPOKOW ayIWTOPUHU, A HOKYIATEIsAM -
OBICTPO y3HaBaTh O HOBBIX TpeHAax. biaaromaps MHTepHeTy Ka3axcTaHckas Moja craia Oosee
OTKPBITOM M TOCTYIHOM JJIs1 MEXITYHAPOIHOTO COOOIIECTRA.

3a mocneaHue TOAbl Ka3aXCTaHCKHUE AU3aifHepbl JOOMINCHh 3HAYUTENbHBIX ycrexoB. Mx
paboThl pEryJIIpHO YYacTBYIOT B MEXAYHApPOJHBIX I0Ka3aX, KOHKYpCax M BBICTABKaX.
Oco0O€HHOCTh MHOTHMX KOJUIEKLIMW 3aKJIIOYAeTCs B COYETAHUU COBPEMEHHBIX TEXHOJOTHUU U
HAalMOHAJIBHBIX ~ MOTHBOB. KaszaxcTaHCKue JHM3allHEpBl CTPEMSATCA  IIOKAa3aTb MUPY
YHUKAJIBHOCTh KYJBTYpbl CBO€W cTpaHbl. OHM HCHOJB3YHOT TPAAUIMOHHBIE Y30pHlI,
UCTOPUYECKHE 00pa3bl U 3JIEMEHThl HAPOJHOIO HMCKYCCTBA, aIallTUPYsl MX K COBPEMEHHbBIM
TpeOboBaHusM. [6] braromaps 3TomMy co3Aa€Tcsi y3HABa€MbIM CTHIIb, KOTOPBIM NPUBJIEKACT
BHUMaHUE 3apyOeKHBIX HKCIIEPTOB U MOKyHaTeNeH.

Pa3BuTre au3aiiHEpCKON MIKOJIBI CIOCOOCTBYET POCTY HHTEpeca K OTEUYECTBEHHBIM
Opennam. Bc€ Oonple ka3zaxCTaHLEB BBIOMPAIOT MPOAYKIMIO MECTHBIX HPOU3BOAMTENEH,
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MOAACP>KUBAsi HAIIMOHAJIBHYIO UHTYCTPHUIO MOJbl. DTO MOMOTAET PA3BUTHIO MAJIOTO U CPETHETO
Ou3Heca, cO31a€T HOBbIE paboure MecTa U YKPEIUIsieT KyJbTYPHBIM UMUK cTpanbl. OqHUMU
W3 CaMbIX M3BECTHBIX Ka3axCKUX OpeHmoB onexnabl sBisiroTcs Qazaq Republic, Kaidarova,
Global Nomads u npyrue. [9]

BaxnbiM (pakTopoM paszBUTHS MHAYCTPUHU SIBIISIOTCS MOJHBIE TMOKa3bl, BHICTABKU U
dectuBanu. OHM JAIOT BO3MOXHOCTH MOJIOJBIM JU3alHEpaM MPEICTaBUTh CBOU PaOOThI
HIMPOKON ayJUTOPUU, MOIYyUUTh NMPO(ECCHOHATBHYIO OLEHKY M HaWTH HOBBIX MapTHEPOB.
Hampumep, Kazakhstan Fashion Week cuutaetcst ogHol u3 KpynHEUIIUX MOAHBIX MIaTHOPM
HenTpansHoii A3um u npooautca ¢ 2004 roga. [4] B xacTuHrax maHHOTO MEPONPUITHA
npuHUMaloT ydactus 6osiee 600 mojesnelt, a B pa3Hble CE30HBI HA MOKAa3aX ydyacTBYIOT Ooliee
15-25 nuzaiinepoB u3 KazaxcraHna u Ipyrux cTpaH peruoHa. [7]

[TonoOHBIE MEpONPHUATHS TPUBIECKAIOT BHUMAHUE HE TOJBKO CICIUATUCTOB, HO H
00bIYHBIX 3putesied. OHU TOMOTAIOT MOMYJSPU3UPOBATh MOJY KaK 4YacTh KYJbTYpPbl H
uckycctBa. KpoMe TOro, mokasbl CTaHOBSITCS IUIOIIAJKON iJii OOCYKIECHUSI COBPEMEHHBIX
TCHJCHINM, WHHOBAIMOHHBIX TEXHOJOTHMW W BOMNPOCOB YCTOMYMBOrO pa3BuTHs. MoaHble
COOBITHSI TaKXKE€ CIOCOOCTBYIOT Pa3BUTHUIO TypH3Ma M MEXKIyHApPOJHOTO COTPYJHUYECTBA.
['oct M3 Opyrux CTpaH 3HAKOMATCS € KyabTypou KazaxcraHa yepe3 TBOPUECTBO AU3AUHEPOB
Y TIOJIy4atOT BO3MOKHOCTb YBHJIETh COBPEMEHHBIE JOCTHKEHUSI CTPAHBI.

OnHYM U3 TJIaBHBIX MUPOBBIX TPEHJIOB MOCIEAHUX JIET CTaja 3KOJOorh4yHas monaa. Beé
OOJbIIIe TTPOU3BOAUTENEH 3aJyMBIBAIOTCS O BJIUSHUU HUHIYCTPUU HA OKPYKAIOIIYIO CPEIy.
KazaxcraH Takke MOCTENEHHO BKJIIOYAETCS B 3TOT mpouecc. MHOTHE Au3ailHEphl HAUMHAIOT
UCIIOJIb30BATh DKOJIOTMUECKH O€30IMacHbIe MaTepHUalibl, COKpaIlaTh KOJUYECTBO OTXOJOB H
MOJJICP)KUBATh MPUHIMIBI  OTBETCTBEHHOTOo moTpebnenus. I[lokymatenu Bc€ yarie
WHTEPECYIOTCS TPOUCXOKICHUEM OJICHKbI U YCIOBUSIMU €€ TPOU3BO/ICTBA.

Ocoboe 3HaueHue MpuoOpeTaroT TpaauUMOHHBIE pemécna. M3nenus pydHolt paboOThI
OTJIMYAIOTCS BRICOKMM Kau€CTBOM U JIOJITOBEYHOCTHIO, YTO COOTBETCTBYET UJEAM YCTOMUUBOU
MO/Ibl. BO3poKeHre HapOIHBIX TEXHOJIOTHUM TOMOTAeT OJHOBPEMEHHO COXPAHATh KYJIbTYPHOE
Hacleaue u 3a00TUThest 00 okpykaromiei cpene. [lo cioBam ocHoBatens Kazakhstan Fashion
Week Casra JlocsiOaeBa, 0JHON U3 KIIOUEBBIX TEM IMOCIEIHUX CE30HOB CTAJO yBaXKEHHE K
NpUPOJIE W OCO3HAHHOE TMoTpedseHue oaexkabl. OIHOBPEMEHHO IU3alHEpPBhl CTPEMSITCA
NEePEOCMBICTUTh HarroHanbHoe Hacienue. Kak ormewaer Caken JKakchiOaeB, Hamudue
TPAAULMOHHBIX JJEMEHTOB €I HE JEJIaeT OJEKIY I0-HACTOSIIEMY Ka3aXxCTaHCKOM -
COBPEMEHHBIN CTHJIb (POPMHUPYETCS Yepe3 TIIyOOKOe TOHUMaHUE KyJIbTYphl U €€ alanTaiuio K
TpedoBanusM X XI Beka. [10]

MoJson0€e OKOJIEHUE UTPAET KIIFOUEBYIO POJIb B PA3BUTUU MOJHOW UHAYCTpuU. IMEHHO
MOJIOAEXD OBICTpEE BCETO BOCIPUHHUMAET HOBBIC Haeu W TexHojoruu. CeromHs MHOTHE
IIKOJBHUKU U CTYJEHTHI MHTEPECYIOTCS AU3alHOM ONEXKbl, doTorpadueii, MOACIUHTOM U
MapKeTUHTOM B chepe Mojibl. CoBpeMEHHBIE 00pa30BaTENIbHBIC MPOTPAMMBI, MAaCTEP-KIACChl U
TBOPYECKHUE MTPOCKTHI TTO3BOJIIOT MOJIOIBIM CIICIIUATUCTaM MOJy4aTh HEOOXO0IUMbIE 3HAHUS U
HaBbIKH. [8] NHTEpHET OTKPBIBAET JIOCTYI K MEXIYHAPOAHOMY OMBITY U TTIOMOTAET Pa3BUBATh
COOCTBEHHBIE MTPOEKTHI.

B Oynymiem kazaxcraHckasi Mojla MOXKET cTaTh eli¢ OoJiee 3aMeTHON Ha MUPOBOM apeHe.
JIist 5TOTO BaXXHO MOJJCPKMBATH TAJTAHTIIMBBIX TU3AMHEPOB, Pa3BUBATH 00pa30BaTEIbHBIC
NporpaMMbl U COXPAHSTH CBSI3b MEXKAY COBPEMEHHBIMU TEHJCHIMSIMU W HAIMOHAIBHOU
KyJabTypoil. [11]
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Mona B Kazaxcrane mnpencrtaBiisieT coOOW YHUKAIbHOE COYETAaHUE HCTOPUUYECKOTO
HacCJeIHsl 1 COBPEMEHHBIX MUPOBBIX TeHACHIMI. HaloHansHple OpHAMEHTBI, TPAJULUOHHbBIE
MaTepuaibl M KyJbTypHbIE CHUMBOJIBI MHPOAOJDKAIOT BIOXHOBJIATH JIH3AaMHEPOB, IMOMOras
CO3JaBaTh y3HABaeMbl CTHJIb. OJHOBPEMEHHO BJIMSHUE TJIOOAIBHOW MOJHOW HHIYCTPHH
CIOCOOCTBYET BHEJPEHHIO HOBBIX TEXHOJOTUHA W PA3BUTUIO TBOPYECKUX HAIPaBICHHM.
CerogHsi Ka3zaxCTaHCKas MOJa SIBJISIETCS HE TOJIBKO YAaCThbIO SKOHOMHUKH, HO M Ba)KHBIM
MHCTPYMEHTOM COXpaHEHHUsl KyJbTYpHOM HIECHTUYHOCTU. braromapss pabote au3aiiHEpOB,
Pa3BUTHIO MOJHBIX MEPONPUATHIA W HMHTEPECY MOJOAEKU CTpaHa (HOPMHUPYET COOCTBEHHBIN
0o0pa3 B MUPOBOM KyJIbTYpHOM IpocTpaHcTBe. iIMenHo nostomy mMoja B Kazaxcrane ocraércs
OJIHUM M3 HamOoJiee MHTEPECHBIX MPUMEPOB TOTO, KaK TPATUIIMU U COBPEMEHHOCTb MOTYT
YCHEMIHO COCYIECTBOBATh U JOMOJIHATh APYT Ipyra.
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TO WHAT EXTENT DO GREEN ROOFS MITIGATE ROOFTOP SURFACE AND
AMBIENT AIR TEMPERATURES ACROSS SEASONAL EXTREMES IN
KAZAKHSTAN? A CASE STUDY OF ALMATY

Abstract: The aim of the study is to analyze the effect of green roofs on surface and air
temperatures in the continental climate of Kazakhstan using the city of Almaty as an example.
Green roofs are roofs of buildings covered with vegetation that cools the roofs by absorbing
heat and releasing it into the environment. Based on satellite data analysis, a stable cooling
capacity of green roofs was found in early summer, with a cooling effect of 3—4 °C compared
to conventional roofs. In contrast, the cooling effect was less pronounced on extreme heat days,
when in some cases the green roof recorded higher temperatures. In winter, on the contrary,
green roofs remained cooler than conventional roofs both during the day and at night, which
could lead to additional heat loss. The results of this study show that green roofs can contribute
to climate mitigation in Almaty and possibly other cities in Kazakhstan, provided that their
design features are adapted to extreme weather conditions. At the same time, the cooling effect
in winter indicates their ability to increase heating demand, which highlights the dual nature of
their impact and the need to take climate conditions into account when designing. The article
outlines areas for further research, including physical measurements, modeling, and adaptation
and optimization of designs taking into account local climate factors.

Keywords: green roofs; urban heat island; remote sensing; continental climate;
Kazakhstan; sustainable urban infrastructure

1. Introduction

Climate change has intensified the frequency and severity of extreme weather events,
especially heatwaves, which are becoming increasingly life-threatening. One of the most
pertinent effects is now considered the urban heat island (UHI) effect that keeps heat in densely-
built up urban areas with respect to its rural counterpart , thereby intensifying urban heatwaves,
increasing cooling energy demand, and exposing vulnerable populations to health risks. To
mitigate UHI effects, green roofs — layer of vegetation installed on the top of buildings, been
increasingly implemented in cities worldwide. Past studies suggest that green roofs in temperate
and tropical climate conditions can lower surface temperatures by 20-30 °C and reduce air
temperature by 1-2 °C (( Jamei, E., Rajagopalan, P., Seyedmahmoudian, M., & Jamei, Y.
(2021). The impact of green roofs on urban heat island: A meta-analysis. Building and
Environment, 196, 107790.)). The potential of green roofs in maintaining low temperatures has
not yet been fully evaluated for the sharply continental climate of Central Asia. In summer,
temperatures can rise above 35 °C, while in winter they can drop to -20 °C, in a place such as
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Almaty, Kazakhstan. Although simulations suggested such possibilities ((Kulumkanov, A.,
Bekmukhambetov, Y., & Zhaksylykova, K. (2023). Green roof energy performance in different
climate zones: a simulation study)), the actual satellite or in-situ observations are yet to ascertain
such benefits. This gap in the study is important because it is still unclear how green roofs will
perform during extreme seasons in Kazakhstan.

To address this gap, the present study seeks to determine, in an empirical manner, the
influences that green roofs have on rooftop surface temperature (Ts) and estimated ambient air
temperature (Ta) through extremes of summer and winter Almaty, Kazakhstan. We selected
Almaty as the study site due to its status as the largest urban center in Kazakhstan and the only
city in the country where green roofs have been implemented. The main objectives are:

- To analyze existing literature on the effectiveness of green roofs.

- To model rooftop surface and ambient air temperature of green and normal roofs with
the help of Landsat 8.

- To conduct phase quantitative analyses and draw inferences.

This study concentrated on six buildings in Almaty, with three being green-roofed and
three normal-roofed buildings, and was monitored through Landsat 8 satellite imagery from
June 2023 to February 2024. Both the daytime and nighttime thermal data were analyzed, and
air temperature was estimated through an empirically derived regression model. While the
analysis yielded interesting results on the thermal characteristics of roofs, it remains limited due
to the lack of in-situ measurements, the possible variation in roof insulation, and the relatively
small number of buildings used as samples. These results were visualized through temperature
anomalies and discussed in relation to seasonal performance.

2. Methods

2.1. Literature Review

To provide background to the main study, a focused review of literature was undertaken,
selecting peer-reviewed articles published between 2021 and 2025. Searches were carried out
on Google Scholar, ResearchGate and ScienceDirect, combining such keywords as "green
roofs," "urban heat island," "continental climate," "thermal performance," and "Kazakhstan."
Studies were considered relevant only if they dealt with some aspect of green roofing in hot,
dry, semi-arid, or continental climates with emphasis on the effect of green roofs on rooftop or
urban temperature. The review sought to draw data on methodologies used, key conclusions of
studies, climatic settings, and limitations, focusing on whether or not the study contained
empirical analysis at the rooftop level.

Jamei et al. (2021) performed an overview of global studies of the green roofs’
effectiveness, and the results of 89 peer-reviewed works from 2000 to 2020 were synthesized.
The findings evidenced temperature reduction of up to 30°C on the rooftops and 3°C across
ambient air temperature, with exceptional results under hot and dry climate conditions ((Jamei
et al. (2021) performed an overview of global studies of the green roofs’ effectiveness, and the
results of 89 peer-reviewed works from 2000 to 2020 were synthesized. The findings evidenced
temperature reduction of up to 30°C on the rooftops and 3°C across ambient air temperature,
with exceptional results under hot and dry climate conditions.)). The author emphasizes that
green roofs are a very effective tool for dealing with overheating and notes that they are less
effective in continental climates. However, they emphasized that while green roofs are generally
effective in reducing urban overheating, their performance tends to decline in continental
climates, which remain underexamined in the existing literature.
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Sahnoune et al. (2021) focused on the city of Constantine in Algeria, which enjoys a semi-
arid climate, as do some regions of Kazakhstan ((Sahnoune, F., Bouzrara, M., & Belarbi, R.
(2021). Assessment of green roof cooling potential in hot and arid climates: Case study of
Algeria. Journal of Building Engineering, 43, 102918.)). With the help of Landsat 8 satellite
imagery and GIS (Geographic Information System) modeling, the researchers found that green
roofs and other green infrastructure can develop a strong cooling effect that reduces surface
temperatures by about 4°C and air temperatures by 1.2°C during extreme heat. Research
validates the approach of satellite monitoring to determine how effective green solutions are at
cooling dry urban environments. However, unlike Jamei’s global synthesis, Sahnoune’s study
centered on one urban setting, aggregating cooling effects across city zones without
distinguishing green roofs from other greenery ((Jamei, E., Rajagopalan, P., Seyedmahmoudian,
M., & Jamei, Y. (2021). The impact of green roofs on urban heat island: A meta-analysis.
Building and Environment, 196, 107790.))’ ((Sahnoune, F., Bouzrara, M., & Belarbi, R. (2021).
Assessment of green roof cooling potential in hot and arid climates: Case study of Algeria.
Journal of Building Engineering, 43, 102918.)). This prevents any direct comparison and puts
in perspective the geographical dimension; for instance, Jamei’s review underlined the lack of
data at the continental level, while algerian’s regional case-study seemingly confirms potential,
yet without the ability to drill down to the rooftop level ((Jamei, E., Rajagopalan, P.,
Seyedmahmoudian, M., & Jamei, Y. (2021). The impact of green roofs on urban heat island: A
meta-analysis. Building and Environment, 196, 107790.)).

Regional research concentrated on Kazakhstan-specific modeling for simulating the
impact of green roofs on energy performance in cities like Astana and Almaty ((Kulumkanov,
A., Bekmukhambetov, Y., & Zhaksylykova, K. (2023). Green roof energy performance in
different climate zones: a simulation study).) Their study focused on using building energy
simulation tools to quantify the potential of green roof application in reducing cooling loads and
enhancing thermal comfort under arid continental conditions. The result confirmed that this type
of green roof could reduce energy consumption, mostly during the summer. Jamei et al. showed
the continental gap; Sahnoune et al. tried remote sensing but lacked rooftop-specific targeting
(( Jamet, E., Rajagopalan, P., Seyedmahmoudian, M., & Jamei, Y. (2021). The impact of green
roofs on urban heat island: A meta-analysis. Building and Environment, 196, 107790. ))’
((Sahnoune, F., Bouzrara, M., & Belarbi, R. (2021). Assessment of green roof cooling potential
in hot and arid climates: Case study of Algeria. Journal of Building Engineering, 43, 102918.)).
By contrast, regional research showed theoretical promise in the same region but cannot
ascertain real-world temperature effects. Hence, while all three studies seem to converge on the
potential of green roofs, they differ in their method, level of spatial resolution, and kind of
evidence used — global meta-analysis, city-level remote sensing, and simulated modeling,
respectively.

Taken collectively, these studies reveal a critical scientific gap: no empirical study has
used satellite observations to directly compare surface and air temperature performance of green
versus conventional roofs in Kazakhstan's continental climate. This is particularly important
given the unique seasonal extremes of Almaty. A review of the literature confirmed the high
relevance of this topic and demonstrated that our research can fill existing gap.

2.2. Remote Sensing Temperature Data Analysis

For analyzing the efficiency of green roofs, we decided to use satellite data analysis,
because it allows for a large-scale and consistent comparison of land surface temperatures across
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different rooftop types. We employed Google Earth Engine (GEE) as a primary platform. The
use of Google Earth Engine (GEE) was paramount in our study for processing and visualizing
Landsat 8 imagery. Landsat 8 carries thermal infrared bands (especially Band 10) used for LST
(Land Surface Temperature) calculation. With these, surface temperatures of green roofs and
conventional roofs are compared on the same dates while accounting for having equal
environmental conditions. The city of Almaty was selected as the subject of the study, as it has
the largest number of green roofs and a growing building density. The analysis covered six
representative buildings in the central part of the city—three with green roofs and three with
conventional roofs. For the analysis, cloud-free satellite images were selected for the 15th day
of each characteristic month (June, July, August, December, January, and February 2023-2024)
to reflect seasonal differences under similar solar conditions. In addition, measurements were
taken for both daytime and nighttime passes, allowing for a more comprehensive understanding
of temperature dynamics. Ambient air temperature had to be estimated, as surface temperature
1s not equal to air temperature, especially in the urban environment. Landsat 8 gives very
accurate data of LST, which is actually a measure of heat on rooftops or relatively flat ground
surfaces. It does not signify air temperature felt by humans or the air temperature around them..
Calculating air temperature was important because it affects people's health and comfort. To do
this, an empirical formula was used, taken from a study by Janghoo L. ((Janghoo, L. (2025).
Estimating Near-Surface Air Temperature from Satellite-Derived Land Surface Temperature
Using Temporal Deep Learning: A Comparative Analysis)), which calculates air temperature
based on the land surface temperature (LST)
Ta=a-LST+b

Where:

Ta - 1S the estimated air temperature (°O)
LST- is the land surface temperature (°C) derived from satellite data
a and b are regression coefficients determined empirically for specific geographic and climatic
conditions

In this study, the parameters a=0.89 and b=-1.98 were adopted by the results of regression
analysis for moderately continental urban conditions ((Janghoo, L. (2025). Estimating Near-
Surface Air Temperature from Satellite-Derived Land Surface Temperature Using Temporal
Deep Learning: A Comparative Analysis)). These coefficients were selected since the climate
of Almaty—hot summers, cold winters, and another moderate period of precipitation—is very
much similar to those of temperate continental cities used in Lee's regression model. According
to the Koppen—Geiger classification ((Peel, M. C., Finlayson, B. L., & McMahon, T. A. (2007).
Updated world map of the Képpen—Geiger climate classification. Hydrology and Earth System
Sciences, 11(5), 1633—1644.)), Almaty possesses a cold continental climate (Dfa/Dfb), so the
formula can be considered reasonably applicable. This allows for a fairly accurate estimate of
the air temperature on roofs and its seasonality, especially when there is no data on temperature
obtained from on-site measurements. As a result, we obtained an empirical formula for
calculating air temperature from the earth's surface temperature, taking into account all the
coefficients:

Ta=0.89 * LST - 1.98

After constructing daily and nightly temperature series for each date, we immediately calculated
the temperature anomaly defined as the difference between the temperature of normal and green
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roofs. The calculation was performed separately for surface temperature and air temperature,
during the day and at night. The cooling anomaly (AT) formula used in this study was adapted,
where the temperature difference between conventional and green roofs was quantitatively
assessed. The anomaly is defined as:

No Ng
AT = ! 2 T, ! Z T,
o 0j o 9.l
Mo =

Where:

AT — anomaly (°C), i.e. the difference between the average temperature of ordinary roofs
and green roofs.

T,,j — temperature on j-th ordinary roof

T4 ; — temperature on i-th green roof
ng, — number of ordinary roofs

n, — number of green roofs

AT shows the difference between the temperature of a green roof and a conventional roof.
If AT is negative, it means that the green roof is cooler than a conventional roof — that is, it
effectively reduces the temperature, as intended. If AT is positive, on the contrary, the green
roof 1s warmer than a conventional roof, which may indicate that it is not currently functioning
as a cooling mechanism. Thus, the AT indicates whether green roofs truly help combat
overheating in buildings under various weather conditions. After calculating all the data, we
compiled the results into tables and constructed graphs that reflect seasonal differences and the
comparative effectiveness of green and conventional roofs.

Table 1. Surface Temperatures of Green and Conventional Roofs in Almaty Across
Seasonal Extremes (Landsat 8, 2023-2024)

June 15

Day | Night

Test Roof surface Air temperature Land surface Air temperature
temperature (°C) (°O) temperature (°C) (°O)

Green 1 33.26 28.6 25.98 21.10

Green 2 35.13 28.2 27.10 22.21

Green 3 34.16 28.9 26.43 21.57

Normal 1 | 37.08 32.0 30.05 24.74

Normal 2 | 38.52 314 31.27 25.86
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- S
Normal 3 | 37.60 30.6 30.95 25.58
Anomaly(°C)= - Anomaly(°C)=- | Anomaly(°C)= - Anomaly(°C)= -
3.55 2.76 4.26 3.76
July 15
Green 1 42.06 36.1 36.5 31.6
Green 2 43.84 35.9 383 31.0
Green 3 41.65 36.3 36.0 31.2
Normal 1 | 44.59 39.2 39.2 343
Normal 2 | 46.10 39.8 40.5 34.9
Normal 3 | 46.18 39.9 40.6 35.0
Anomaly(°C)= - Anomaly(°C)=- | Anomaly(°C)= - Anomaly(°C)= -
3.10 3.53 3.17 3.46
August 15
Green 1 39.06 42.0 36.5 38.5
Green 2 40.84 43.5 38.2 39.8
Green 3 38.65 41.2 35.9 39.8
Normal 1 | 44.59 39.5 39.8 35.5
Normal 2 | 46.10 40.2 41.0 36.2
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o S
Normal 3 | 46.18 40.0 41.2 36.0
Anomaly(°C)= Anomaly(°C)= Anomaly(°C)= Anomaly(°C)=
+6.10 +2.33 +3.80 +3.47
December 15
Green 1 -5.00 -13.10 -6.2 -7.5
Green 2 -4.40 -12.4 -5.9 -7.2
Green 3 -6.10 -14.1 -7.4 -8.6
Normal 1 | -0.50 -6.5 -3.5 -5.0
Normal 2 | 0.30 -5.7 -2.8 -4.3
Normal 3 | 0.80 -5.2 -2.1 -3.8
Anomaly(°C)= Anomaly(°C)= Anomaly(°C)=+3.7 | Anomaly(°C)=+3.4
+5.37 +7.4
January 15
Green 1 -7.00 -2.5 -8.4 -94
Green 2 -6.40 -2.0 -1.7 -8.8
Green 3 -8.10 -3.0 -9.9 -10.8
Normal 1 | -1.80 -0.5 -4.5 -6.0
Normal 2 | -1.00 +0.2 -3.8 -5.2
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o A
Normal 3 | -0.30 +0.5 -3.0 -4.7
Anomaly(°C)=+6. | Anomaly(°C)= Anomaly(°C)= Anomaly(°C)=
14 +2.57 +4.90 +4.37
February 1
Green 1 -8.00 -3.80 -9.6 -10.5
Green 2 -7.20 -3.10 -8.9 -9.9
Green 3 -9.00 -4.5 -10.4 -11.2
Normal 1 | -2.50 +0.2 -5.5 -6.9
Normal 2 | -2.00 +0.5 4.8 -6.2
Normal 3 | -1.30 1.0 -4.1 -5.7
Anomaly(°C)= Anomaly(°C)= Anomaly(°C)= Anomaly(°C)=
+6.14 +4.37 +8.03 +4.26

Table 2. Locations and Roof Characteristics of Surveyed Buildings in Almaty

Experime | Name of Type of roof Latitude Longitude
nt building

Green 1 Park View Green 43.250205° N | 76.945112°E
Office Tower

Green 2 DoubleTree | Green 43.244810° N | 76.939510°E
Hilton

Green 3 Hilton Roof | Green 43.244810° N | 76.939510° E
Garden

Normal 1 | Nurlu Tau Normal 43.243259° N | 76.950439° E

Normal 2 | Bukhar Normal 43.243360° N | 76.926356° E
Zhyrau
Towers

Normal 3 | Ramada Normal 43.249430° N | 76.937671° E
Almaty
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Temperature Anomalies: Green Roofs Compared with Conventional Roofs

gk Daytime Roof Surface Temperature Anomaly (°C)
Daytime Air Temperature Anomaly (°C)

—e— Nighttime Land Surface Temperature Anomaly (°C)

—e— Nighttime Air Temperature Anomaly (°C)

6_ [ —

Temperature Anomaly (°C)

Jul 01, 2023 Sep 01, 2023 Nov 01, 2023 Jan 01, 2024
Date

Pic. 1. Temperature Anomalies

3. Discussion

Early summer observations also verified the cooling impact of green roofs. The coverings
of green roofs were 3.55 °C cooler than non-green roofs during daytime on June 15th, and the
air above them was 2.76 °C cooler. During nighttime, this gap widened to 4.26 °C (Ts) and 3.76
°C (Ta). The same trend was seen on the 15th of July, where the green roofs reduced in
temperature by 3.10 °C (Ts) and 3.50 °C (Ta) during the day, and 3.17 °C and 3.46 °C during
the night. On August 15, however, during the hottest heat wave, a different trend was seen.
Green roof surfaces increased by 6.10 °C relative to the normal roofs, and the air above them
by 2.33 °C. At night, the excess heat was mitigated but remained at 3.80 °C (Ts) and 3.47 °C
(Ta). Thus, while green roofs maintained a uniform 3—4 °C cooling during early summer, their
performance declined and even became negative when exposed to extreme heat. Under winter
conditions, green roofs were always cooler than the reference roofs. On December 15,
traditional roofs outperformed green roofs by 5.37 °C (Ts) and 7.40 °C (Ta) during the day and
by 3.70 °C and 3.40 °C at night, respectively. On January 15, the differences between them
increased to 6.14 °C (Ts) and 2.57 °C (Ta) during the day and 4.90 °C and 4.37 °C at night. The
largest contrast between green roofs and conventional roofs was on February 15: green roofs
were 8.03 °C cooler than conventional roofs at night and 6.14 °C during the day, while the air
temperature was 4.26 °C and 4.37 °C higher, respectively. Green roofs were cooler both day
and night during the entire winter.

The research is the first to experimentally examine the thermal performance of green roofs
in the harsh continental climate of Kazakhstan, and more significantly in the context of freeze
and heatwave problems in Almaty. Jamei et al. (2021) and Sahnoune et al. (2021) also conducted
studies on green roofs in rainy or tropical climates but listed in their data were not those under
the climatic conditions of Kazakhstan. Kazakhstani research had suggested a model for green
roof performance in Kazakhstan but had theoretical findings that were not empirically verified
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with real data ((Jamei, E., Rajagopalan, P., Seyedmahmoudian, M., & Jamei, Y. (2021). The
impact of green roofs on urban heat island: A meta-analysis. Building and Environment, 196,
107790))’ ((Sahnoune, F., Bouzrara, M., & Belarbi, R. (2021). Assessment of green roof cooling
potential in hot and arid climates: Case study of Algeria. Journal of Building Engineering, 43,
102918.)). This research closes the gap by utilizing satellite imagery to test the actual
performance of green roofs with excessive heat conditions.

Our findings in June and July concurred with Jamei et al. (2021) meta-analysis in which
green roofs lowered surface and air temperature by 3 °C ((Jamei, E., Rajagopalan, P.,
Seyedmahmoudian, M., & Jamei, Y. (2021). The impact of green roofs on urban heat island: A
meta-analysis. Building and Environment, 196, 107790)). Cooling is a result of mechanisms
like evaporative cooling, large leaf albedo, and low thermal inertia of the vegetation layer. In
the case of extreme heat in August, however, the cooling was reversed. This disparity confirms
the work of Sahnoune et al. (2021), who also recorded such rises in temperature on green roofs
because of substrate evaporation ((Sahnoune, F., Bouzrara, M., & Belarbi, R. (2021).
Assessment of green roof cooling potential in hot and arid climates: Case study of Algeria.
Journal of Building Engineering, 43, 102918.)). At temperatures higher than 35—40 °C and in
the absence of any moisture, evaporative cooling ceases and the stored water in the soil is
absorbed and re-radiated, leading to an increase in temperature. Our investigation indicates that
even drought-tolerant plants such as sedums, used in both Almaty and Algeria, cannot cool
without water. Green roofs under winter were cooler than control roofs at all times, including
nighttime, with temperature differences of up to 8°C. This suggests that the green roof cooling
effect endures during the colder periods, and this is a potential benefit in the sense of lower
rooftop temperatures than standard roofs, especially during highly seasonal locations such as
Almaty.

Findings of this study dictate some practical implications. To preserve yearly cooling
effects, green roofs in continental climates must include irrigation systems, drought vegetation,
and more substantial substrates. Particular attention should also be paid to winter, when green
roofs lose more heat compared to conventional roofs, which could require extra insulation.
Urban planning should account not only for the green roof cooling effect in the summer but also
the winter performance of green roofs. There are, however, some constraints of the study. The
data were obtained from satellite observations on a monthly basis, thus the temporal resolution
of the temperature records was limited. Additionally, the satellite data only gives surface
temperature, from which air temperature is being estimated using a regression model, and this
can be inaccurate. Secondly, the research was conducted from a limited sample of six buildings
that might not reflect the variety of green roof performance in various urban spaces in
Kazakhstan.

Future research should focus on incorporating ground-truth measurements of
temperature, humidity, and soil moisture to further validate the findings of this study. Such
research could provide insights into the specific thresholds at which green roofs cease to be
effective and begin to act as heat sources. Additionally, further studies could explore different
vegetation types, soil depths, and irrigation strategies to optimize the design of green roofs for
extreme climate conditions.
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PHYSICAL ACTIVITY IS ASSOCIATED WITH PROCESSING SPEED AND
VERBAL FLUENCY, BUT NOT VERBAL MEMORY, IN OLDER ADULTS: A
DOMAIN-SPECIFIC ANALYSIS OF NHANES 2011-2014

Abstract: Physical activity is widely linked to better cognition in older adults, but most
population studies use a single global cognitive score, or analyze several cognitive tests
separately without checking whether the strength of the association differs from one cognitive
domain to another. Using the U.S. National Health and Nutrition Examination Survey
(NHANES) 2011-2014, this study examined whether meeting recreational physical-activity
guidelines is associated with three distinct cognitive domains in adults aged 60 and older:
processing speed (Digit Symbol Substitution Test), semantic fluency (Animal Fluency), and
verbal memory (CERAD Word Learning), and then tested directly whether the associations
differ across these domains. In survey-weighted, fully adjusted models (n = 2,568), meeting the
recreational physical-activity guideline was associated with higher semantic fluency
(standardized B = +0.28) and faster processing speed (B = +0.15), but not with verbal memory
(B = +0.02). A formal cross-domain test confirmed that the association differs significantly
across the three domains (F = 35.6, p < 0.001). The pattern held with a continuous activity
measure and with an alternative memory test, and did not differ between men and women. The
cross-sectional cognitive correlates of physical activity in older adults are therefore domain-
selective: they concentrate in fluency and processing speed rather than in verbal memory.
Because the design is cross-sectional, the findings describe association rather than cause.

Keywords: physical activity, cognitive function, older adults, NHANES, processing
speed, verbal fluency, memory

Introduction. Populations around the world are aging, and protecting cognitive function
in later life has become a major public-health goal. Among the factors people can change,
physical activity is one of the most studied in relation to cognitive health in older adults. Meta-
analyses of exercise programs report small-to-moderate benefits for cognition in adults over 50
[1], and laboratory and imaging studies connect physical activity to brain structure and function,
including hippocampal volume and the control processes of the frontal lobes [2, 3, 4, 5].

Cognition, however, is not a single ability. Neuropsychology separates it into domains
such as processing speed, executive function, verbal fluency, and episodic memory, and these
domains rely on partly different brain systems. This raises a question that goes beyond whether
physical activity relates to cognition at all: which cognitive domains does it relate to most
strongly? If the association is concentrated in particular domains, that pattern matters both for
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understanding how physical activity might act on the brain and for choosing which cognitive
outcomes to measure in future studies.

NHANES is well suited to this question. For participants aged 60 and older it
administered three validated tests covering distinct domains (the CERAD Word Learning test
for verbal memory, the Animal Fluency test for semantic fluency, and the Digit Symbol
Substitution Test for processing speed), together with a standardized physical-activity
questionnaire and detailed health and demographic measures.

Earlier work on these exact NHANES cycles examined occupational, transport, and
recreational physical activity in relation to each cognitive test [6]. That study reported
associations test by test, finding that recreational and total activity related to fluency and
processing speed, with weaker or null associations for memory. But it analyzed each cognitive
outcome in a separate model and never tested whether the strength of the association differs
across cognitive domains. The gradient was visible in its tables, yet it was never put to a
statistical test. The present study closes that gap: the three cognitive outcomes are placed on a
common scale and a single pooled model tests and ranks the association of physical activity
across domains.

The objective was to examine whether meeting recreational physical-activity guidelines
1s associated with processing speed, semantic fluency, and verbal memory in U.S. adults aged
60 and older, and whether these associations differ across domains. We hypothesized a gradient
in which physical activity is more strongly associated with processing speed and fluency than
with verbal memory.

Materials and Methods. Data source and population. The study used public data from
NHANES, a nationally representative, continuously fielded survey of the civilian U.S.
population conducted by the National Center for Health Statistics [7]. NHANES uses a complex,
multistage probability sample. The two consecutive cycles 2011-2012 and 2013-2014 were
pooled because these are the cycles in which the adult cognitive battery was administered. That
battery was given to participants aged 60 and older, so the sample was restricted to that age
group. After excluding participants with missing data on any analysis variable, the analytic
sample was 2,568 adults.

Cognitive outcomes. Three tests were used, each representing a different domain.
Processing speed was measured with the Digit Symbol Substitution Test, in which participants
match symbols to numbers against a time limit; higher scores indicate faster processing speed
and sustained attention [8]. Semantic fluency was measured with the Animal Fluency test, the
number of unique animals named in 60 seconds. Verbal memory was measured with CERAD
Word Learning, the immediate-recall total across three learning trials of a 10-word list [9];
delayed recall was used in a sensitivity analysis. To compare associations across domains on a
common scale, each cognitive score was converted to a z-score (mean 0, standard deviation 1)
within the analytic sample.

Physical activity. Physical activity was measured with the Global Physical Activity
Questionnaire, which records the frequency and duration of vigorous and moderate activity
across work, transport, and recreational settings [10]. Because occupational and transport
activity show weak or null associations with cognition in this population [6], the analysis
focused on recreational activity, expressed in MET-minutes per week. The primary exposure
was a binary indicator of meeting the recreational activity guideline (at least 600 MET-minutes
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per week, consistent with WHO guidance [11]). A continuous measure (log MET-minutes per
week) was used as a sensitivity analysis.

Covariates. Fully adjusted models controlled for age, sex, education, family income-to-
poverty ratio, race and ethnicity, survey cycle, depressive symptoms (PHQ-9), diabetes,
hypertension, body mass index, and smoking status. These variables are associated with both
physical activity and cognition and could otherwise confound the relationship.

Statistical analysis. All analyses incorporated the NHANES sampling design through
examination weights (halved across the two pooled cycles) and design-based standard errors
clustered on primary sampling units within strata. A separate survey-weighted linear regression
was first fit for each standardized cognitive domain on the physical-activity indicator plus
covariates, giving three standardized coefficients. To test whether the association differs across
domains, the central question of this study, the data were then reshaped into a long person-by-
domain structure and a single pooled model was fit containing a physical-activity by domain
interaction, with variance clustered at the design level. A joint Wald test of the interaction terms
tested the null hypothesis that the association is equal across the three domains. The analysis
plan, including this cross-domain test, was written before the results were examined. Secondary
analyses tested whether the association differed between men and women; sensitivity analyses
used the continuous activity measure and CERAD delayed recall as an alternative memory
outcome. A two-sided p < 0.05 was treated as significant.

Ethics. NHANES is conducted under National Center for Health Statistics Research
Ethics Review Board approval, and all participants provided informed consent. This secondary
analysis used only de-identified public data and required no additional ethical approval.

Results. Sample characteristics. Among the 2,568 older adults, the mean age was about
69 years and 53% were women. About 27% met the recreational physical-activity guideline.
Those who met it were, on average, slightly younger and had higher income, lower body mass
index, and a lower prevalence of diabetes than those who did not (Table 1), which is why
statistical adjustment matters here. Their unadjusted cognitive scores were also higher on all
three tests.

Table 1 — Weighted characteristics by physical-activity guideline status.

Characteristic Below guideline (n = Meets guideline (n = 703)
1,865)

Age, years 69.4 68.5

Female, % 56 49

Income-to-poverty ratio 2.94 3.49

Diabetes, % 22 13

Body mass index 30.0 27.4

DSST (processing speed), 50.0 57.1
points

Animal Fluency, words 17.4 20.1

CERAD immediate recall, 19.5 20.2
points

Domain-specific associations. In fully adjusted, survey-weighted models, meeting the
recreational physical-activity guideline was associated with higher cognitive scores in two of
the three domains (Figure 1): semantic fluency (f = +0.28 SD, 95% CI 0.17 to 0.39; p < 0.001)
and processing speed (f = +0.15 SD, 95% CI 0.05 to 0.25; p = 0.004), but not verbal memory

31



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

(B=+0.02 SD, 95% CI —0.06 to 0.11; p = 0.60). The confidence interval for memory rules out
effects larger than about 0.11 SD, so the null is reasonably precise rather than simply
underpowered.

Physical activity is associated with fluency and processing speed,
but not verbal memory, in U.S. adults 60+ (NHANES 2011-2014)

Semantic fluency | ! P
(Animal Fluency) !

B=+0.28

Processing speed | } ®
(OSST) B=+0.15

Verbal memory | } ®
(CERAD) B=+0.02

OTO 0?1 OTZ 0:3 0:4
Standardized association with meeting PA guideline (8, 95% Cl), fully adjusted
Figure 1 — Standardized association between meeting the recreational physical-activity
guideline and each cognitive domain (fully adjusted, with 95% confidence intervals).

Formal cross-domain test. The pooled model with a physical-activity by domain
interaction rejected the hypothesis that the association is equal across domains (joint Wald test
F =35.6, p < 0.001). Relative to verbal memory, the association was significantly larger for
both semantic fluency and processing speed. This is the central result: in older adults, the link
between physical activity and cognition is domain-selective, not uniform.

Secondary and sensitivity analyses. The continuous physical-activity measure produced
the same ordering (fluency, then processing speed, then memory, with memory non-significant).
Using CERAD delayed recall as an alternative memory outcome, the association with physical
activity remained non-significant (B = +0.08, p = 0.13), so the memory null is not specific to
one memory measure. The association did not differ significantly between men and women in
any domain (all interaction p > 0.18), so the gradient looks similar in both sexes.

Discussion. In a large, nationally representative sample of older U.S. adults, meeting
recreational physical-activity guidelines was associated with better semantic fluency and faster
processing speed, but showed essentially no association with verbal memory, and a formal test
confirmed that these domain differences are real. The contribution here is not that a physical-
activity and cognition association exists, which is well established, but that the association is
domain-selective and can be shown to be so with an explicit cross-domain test.

This finding builds on, and differs from, earlier work on the same NHANES cycles. Liang
and colleagues [6] reported physical-activity associations test by test and saw a similar pattern,
but did not test whether the domains differed, so the gradient was visible without being
established. By standardizing the outcomes and testing the interaction directly, this study moves
the claim from "physical activity relates to several cognitive tests to varying degrees" to
"physical activity relates to cognition differently across domains, and significantly so."

The pattern fits a broader literature in which the cognitive correlates of physical activity
and fitness are strongest for executive and speed-related processes [3, 4, 5]. Within that pattern,
the association here was numerically strongest for semantic fluency rather than for the
processing-speed measure, a slight departure from the common expectation that speed-based
tests are the most sensitive to physical activity; both domains, however, separated clearly from
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verbal memory. Semantic fluency draws on both executive control and processing speed, and
the Digit Symbol Substitution Test is a classic measure of speed and attention. Both may be
more sensitive than a word-list recall task to the cardiovascular and frontal-lobe pathways
through which physical activity is thought to act. This mechanistic reading is offered as context
rather than as something the present data can prove.

The practical reading should stay modest. The results suggest that, when researchers study
how physical activity relates to thinking in older adults, fluency and processing-speed measures
may be more informative than a single memory test, and that public-health messages linking
activity to "brain health" are most defensible for speed and executive-type abilities. The data do
not show that becoming more active will improve any specific cognitive domain, and they
should not be read that way.

This study has several limitations. First, the design is cross-sectional, so the results
describe association, not cause, and reverse causation is plausible: adults with sharper
processing speed and executive function may be more likely to take up recreational activity.
Second, physical activity was self-reported and is subject to recall and social-desirability bias,
which can blur associations. Third, the findings apply to U.S. adults aged 60 and older and may
not transfer to other ages or countries. Fourth, despite extensive adjustment, residual and
unmeasured confounding, for example diet, social engagement, or early undiagnosed disease,
cannot be ruled out. Finally, each domain was measured with a single test; convergent measures
would strengthen the domain inferences.

Conclusion. Among older U.S. adults, the cross-sectional association between
recreational physical activity and cognition is domain-selective: it is present for semantic
fluency and processing speed, absent for verbal memory, and the difference across domains is
statistically significant. Longitudinal and interventional studies can test whether this selectivity
reflects a causal, domain-specific effect of physical activity, and whether choosing fluency and
processing-speed outcomes makes physical-activity studies in older adults more sensitive.
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MECHANISMS OF ACTION AND BENEFITS OF SULFUR-CONTAINING
PRODUCTS IN ACNE-MANAGEMENT

Annotation: Acne vulgaris appears to be one of the most prevalent inflammatory skin
diseases among adolescents and adults around the world. Despite the huge amount of various
dermatological and pharmaceutical formulations, many people prefer using older, simpler
components such as sulfur. Sulfur’s precise mechanisms of action and its role in maintaining
skin’s healthy condition have been discovered only in recent decades through research on its
interaction with keratinocytes in epidermis and its conversion into bioactive hydrogen sulfide
(H»S). Nevertheless, this agent has been actively used in dermatology for many centuries. This
article explores the mechanisms through which sulfur-containing formulations affect acne-
prone skin (keratolytic, antimicrobial, anti-inflammatory, and antioxidant effects) and
summarizes the available data about their benefits in using for acne management. Although
empirical clinical evidence specific to acne vulgaris is still limited, existing knowledge suggests
that sulfur can be considered as an applicable and generally well-tolerated agent for acne
treatment or as an adjunct to other products.

Keywords: sulfur, acne vulgaris, hydrogen sulfide, keratolytic effect, acne treatment,
sulfur-containing formulation

Introduction. Nowadays acne vulgaris affects a large proportion of young people,
making them seek for effective dermatological care. Acne vulgaris is a multifactorial disease
that involves excessive sebum production, abnormal keratinization of the follicular epithelium,
proliferation of Cutibacterium acnes, and inflammation. Among current anti-acne formulations,
retinoids, benzoyl peroxide, topical and systemic antibiotics, and hormonal therapies are the
most common ones; however, these products are not always well tolerated by people with
different skin types and might lead to irritation or other side effects.

Since antiquity sulfur, being reported by documented medicinal use, appears to be one of
the oldest agents that are used in dermatology [1]. Thanks to its positive effects on skin’s upper
layers, sulfur has been used to mitigate a wide range of skin conditions, such as acne, rosacea,
seborrheic dermatitis, and scabies, throughout many centuries [1]. However, despite the fact
that sulfur has this long history of practical usage, there was not enough evidence about its
mechanism of action, and the molecular basis of sulfur’s effects on skin has been clarified
relatively recently. This was achieved via research on the reaction that takes place when sulfur
interacts with cysteine - a sulfur-containing amino acid that is highly abundant in skin proteins
- in keratinocytes, leading to generation of cystine and hydrogen sulfide, which has a wide range
of positive effects on epidermis [1].
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This article focuses specifically on acne vulgaris and aims to explain the ways in which
sulfur-containing formulations act on acne-prone skin and what benefits they have in acne-
treatment therapies.

Sulfur’s Mechanisms of Action on the Skin

Keratolytic effect. Topically applied sulfur undergoes chemical reaction with cysteine,
leading to the formation of dimer called cystine and hydrogen sulfide (H,S) as a byproduct
(Figure 1). Produced cystine consists of two molecules of cysteine connected with a disulfide
bond, which cross-links keratin proteins and increases their stability and strength. Applied in
lower concentrations, sulfur tends to maintain normal keratinization, a process of keratinocytes’
cytodifferentiation. On the other hand, high concentration of sulfur in dermatological
formulations might lead to the accumulation of hydrogen sulfide, which is believed to cleavage
bonds between keratin filaments in skin. As a result, under the effect of accumulated hydrogen
sulfide, the outer skin layer can get softened and as dead skin cells are removed gradually shed
[2]. This keratolytic effect appears to be clinically relevant and practically efficient for patients
with acne-prone skin since it helps with removal of dead skin, which can get stuck in skin pores
and contribute to the formation of comedones.

0 HN 0
HO S
Zﬂs/w)LOH R WS/ \/%OH boOHS
NH, 0 NH;

Figure 1. Chemical interaction between sulfur (S) and cysteine content of keratinocytes
and formation of cystine and hydrogen sulfide as a byproduct.

Antimicrobial activity. Acne vulgaris is often caused by the proliferation of bacteria
called Cutibacterium acnes in clogged follicles. Beyond an overall antibacterial effect that
sulfur has on skin, this agent can be converted into compounds, for example pentathionic acid
(H206Ss), which has been described as toxic to some certain microorganisms. In addition, sulfide
salts tend to interact with microbial enzymes by causing protein precipitation and denaturation
[1]. In a recent research study, it has been shown that formulations containing sulfur
nanoparticles might have an antimicrobial activity against staphylococcal strains, which were
collected from acne lesions and are more likely to carry resistance genes [3]. This finding
suggests that new cosmetic products that contain precipitated sulfur can be produced in order to
mitigate problems with antibiotic resistance.

Anti-inflammatory effects. Alongside with clogged pores, inflammation is considered
as the main reason for all acne pustules and papules. Hydrogen sulfide, produced during the
reaction between sulfur and cysteine as a byproduct, is a gaseous signaling molecule in the
human body. It can help control or reduce inflammation by modulating several pathways that
cause inflammatory processes to occur. Empirical evidence indicates that hydrogen sulfide,
acting as a signaling molecule, tends to interact with key inflammatory pathways, including NF-
kB and Nrf2. The mitigation of inflammatory immune response is achieved through inhibition
of T-cell proliferation and production of cytokines such as IL-2, TNF- a, IL-6, and 1L-8 [2].
Using keratinocyte cell models, scientists via TNF- a artificially increased inflammation and
identified that hydrogen sulfide can reduce the amount of nitric oxide (NO), IL-6, and IL-8,
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which are molecules taking part in skin inflammation processes [4]. These anti-inflammatory
properties of hydrogen sulfide, a sulfur’s derivative compound, are beneficial for acne
management, especially to combat inflamed acne regions such as papules and pustules.

Antioxidant properties. Hydrogen sulfide derived from sulfur is more likely to exhibit
antioxidant activity and, thereby, protect skin from getting damaged by harmful molecules. This
antioxidant effect is reached through reduced glutathione, which acts as a protective shield of
the skin and neutralizes oxidative substances, and direct scavenging of reactive oxygen species
(ROS) such as superoxide anions (O2") and hydrogen peroxide (H20-) that can damage cells and
lead to their oxidation [2]. Although this mechanism of sulfur derivative’s action is often
considered in cases of aging, UV damage, and oxidative stress experienced by skin, it appears
to be helpful during the production of anti-acne formulations in order to constrain inflammatory
cycle, often maintained by reactive oxygen species (ROS), in acne-prone skin.

The Use of Sulfur-Containing Cosmetic Formulations in Acne-Management. Sulfur
1s added to cosmetic and dermatological products mainly in two forms: precipitated and
sublimed. In comparison to sublimed sulfur, precipitated one has a smaller particle size and
greater surface area, which means that this form of sulfur tends to spread more easily in
formulations and better interact with the skin surface due to its physical properties. Hence,
precipitated sulfur is generally considered to be therapeutically superior and has better skincare
and medical effects. Both forms - sublimed and precipitated - appear in sulfur soaps, face
cleansers, lotions, gels, and face creams [1].

Examined specifically for acne treatment, sulfur concentrations in products that can be
applied topically tend to range from low percentages (1-5%) up to around 10%. In order to
improve the holistic effect, sulfur is often combined with other active ingredients. For example,
the combination of sodium sulfacetamide (10%) with sulfur (5%) appears to be the one of the
most studied combinations in acne-management [5]. While sodium sulfacetamide acts as
antimicrobial agent helping with bacteria and inflammation, sulfur can be considered as an agent
against oiliness, microorganisms, and dead skin cell buildup in pores. This combination 1s used
in formulations such as creams, cleansers, or foams, and can be utilized to address not only acne
vulgaris but also other skin conditions such as rosacea and seborrheic dermatitis [5]. Sulfur has
also been found to be present in skin products combined with hydrocortisone, a mild
corticosteroid, since this ingredient is likely to reduce inflammation and decrease redness and
irritation [6]. Despite the limit of scientific evidence on efficacy, some stronger preparations
containing sublimed sulfur (around 20%) are still in use for acne vulgaris [1].

Clinical Effectiveness of Sulfur in Acne Treatment. Although there are many newly
formulated acne treatments in a modern clinical practice, sulfur continues to be actively used by
dermatologists, especially for pustular acne [1]. This compound is considered as an effective
agent among dermatologists due to its various effects: starting from keratolytic mechanism,
which occurs through the damage of disulfide bonds between corneocytes under the hydrogen
sulfide exposure, and ending with antimicrobial properties [2]. To evaluate the medical efficacy
of sulfur, a Cochrane systematic review was performed by researches, which appears to be one
of the most qualitative methods to identify the compound’s role in clinical practice [7].
Examining several formulations for acne-prone skin, the findings indicate that sulfur was
included in the review alongside with azelaic acid, salicylic acid, nicotinamide, zinc, and alpha-
hydroxy acids that are considered as non-antibiotic topical treatments [7]. Based on these
results, it can be concluded that although sulfur is much older than other current medications, it
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continues to be clinically relevant for acne management. However, in comparison to benzoyl
peroxide and retinoids, which are extensively studied through clinical investigations, sulfur
remains relatively less examined, and there is limited amount of direct trial data, where its
specific effects in acne treatment would be thoroughly explored.

Moreover, beyond traditional formulations — such as creams, soaps, or cleansers — sulfur
nanoparticles, examined during laboratory studies, have demonstrated high antimicrobial
activity: because of their extremely tiny size, these particles tend to interact with bacteria more
efficiently and inhibit their proliferation [3]. For instance, it has been shown that sulfur
nanoparticles might act against acne-related bacteria, including methicillin-resistant
staphylococcal species (e.g. Staphylococcus aureus), which have developed resistance to
antibiotics [3]. This antibacterial activity underlines sulfur-based therapies’ role in acne-
management and serves as a base for future practical implications, especially in addressing
antibiotic-resistant, acne-related bacteria [3].

Safety and Tolerability. Generally, sulfur-based topical formulations are considered to
be well-tolerated and not causing any severe adverse reactions; however, some mild side effects
might still occur. An unpleasant odor and skin dryness (xerotic eczema) appear to be the most
frequently reported issues associated with sulfur [8]. In fact, sulfur is likely to have a
characteristic smell, sometimes described as a smell of rotten eggs since sulfur can produce
hydrogen sulfide. Although this gas is not harmful to the organism, many people find it
unpleasant. Dry skin can be stated as a side effect because of sulfur’s keratolytic activity, which
causes dead skin cells to shed, and its ability to remove an excessive amount of skin sebum.
Other reported side effects include local irritation, which is usually temporal, and development
of an allergic reaction to sulfur or another ingredient in the product applied [9]. Overall, topical
formulations that contain sulfur at concentration of 6% or below are considered potentially safe
for a wide range of people: children older than 2 months, pregnant women, and those who do
breastfeeding [8]. However, because skin types and sensitivity vary across all individuals, it is
recommended to do patch testing for people with highly-reactive skin before applying the
product on a whole face.

Conclusion. Sulfur-containing cosmetic products act on acne-prone skin through a
combination of keratolytic, antimicrobial, anti-inflammatory, and antioxidant mechanisms.
These effects are mainly caused by sulfur’s chemical conversion into hydrogen sulfide and other
effective derivatives during the interaction with skin cells. While this compound is considered
as well tolerated by majority of people and has a significant role in acne-management as a non-
antibiotic topical agent, comprehensive clinical trials on its specific efficacy and mechanisms
of action remain scarce. Future research studies might focus on sulfur alone without any
additives in order to better define the optimal concentrations, formulation contents, and further
sulfur-based therapies that would be beneficial for patients with acne-prone skin and acne
vulgaris.
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A TWO-GENE CLASSIFIER SEPARATES BREAST TUMOR FROM NORMAL
TISSUE ALMOST PERFECTLY WITHIN ONE COHORT, YET FAILS TO CARRY
ITS DECISIONS TO NEW COHORTS: A CAUTIONARY STUDY OF MINIMAL
GENE PANELS

Abstract: Distinguishing tumor from normal tissue using gene expression is one of the
most common machine-learning exercises in cancer bioinformatics, and published reports
routinely achieve near-perfect accuracy. We asked three linked questions in breast cancer
(BRCA): how few genes are actually needed to separate tumor from normal tissue, whether a
simple interpretable model can match a black-box model, and whether a panel learned in one
cohort still works in independent cohorts. Using 1,211 samples from The Cancer Genome Atlas
(TCGA), we found that discrimination saturates almost immediately: a single gene reaches a
cross-validated area under the ROC curve (AUC) 0f 0.99, and a two-gene panel (SPRY2, FIGF)
reaches 0.996. A logistic regression matched random forests and gradient boosting on held-out
data (the logistic-versus-forest AUC differed by less than 0.001, 95% confidence interval -0.002
to 0.000), so model complexity added nothing. The important result is what happened next.
When we applied the TCGA-trained panel to two independent cohorts measured on different
microarray platforms and drawn from different populations (Irish and Malaysian),
discrimination degraded but survived (AUC 0.97 and 0.82 for a stability-selected consensus
panel), whereas the model's decision threshold did not transfer at all. On the most distant cohort,
balanced accuracy at the inherited threshold fell to 0.50, no better than chance, and was
recovered only when the threshold was re-tuned using that cohort's own labels. A larger,
bootstrap-stable panel generalized better than the bare two-gene panel but did not repair
calibration. We conclude that the near-perfect numbers reported for tumor-versus-normal
classification reflect how separable the problem is within a single dataset, not how well a
minimal panel would work in practice, and that honest evaluation of such panels must test
discrimination and calibration separately across more than one cohort.

Keywords: breast cancer, gene expression, machine learning, minimal gene panel,
external validation, calibration, bioinformatics

Introduction. Breast cancer is the most commonly diagnosed cancer in women
worldwide [1], and distinguishing malignant from healthy tissue is central to both its diagnosis
and its study. One way researchers describe a tissue sample is by its gene expression: how
strongly each of roughly twenty thousand genes is switched on, measured across the whole
sample at once. Because tumor cells behave very differently from healthy cells, their gene
expression differs too, and a natural question is whether a computer can learn to tell the two
apart from these measurements alone.
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For breast cancer, the answer has been "yes" for more than a decade, and classifiers that
separate tumor from normal breast tissue commonly report accuracies above 95% [2].
Throughout this paper we measure that ability with the area under the ROC curve (AUC), a
standard score between 0.5 (no better than a coin flip) and 1.0 (a model that always ranks a
tumor above a normal sample). Because the result is so reliably strong, the more interesting
scientific questions are no longer whether the classification can be done, but how economically
it can be done, how simply, and how durably: with how few genes, with how simple a model,
and with how much confidence that the answer will hold on patients the model has never seen.

These three questions matter for different reasons. A small gene panel is cheaper to
measure and easier to interpret biologically than a whole-transcriptome model, which is why
much of the clinical translation of expression research has been the search for compact
signatures [3]. A simple model such as a logistic regression or a shallow decision tree can be
read and checked by a human, whereas a random forest or gradient-boosted ensemble cannot;
if the simple model performs as well, the added opacity of the complex one is not worth paying
for. Generalization across cohorts is the property that separates a real biomarker from an artifact
of one dataset. The history of expression-based signatures includes many that looked excellent
in the cohort that produced them and then failed to reproduce, often because of batch effects and
population differences between datasets [4, 5, 6].

Two features of the standard tumor-versus-normal task make it an unusually clear setting
in which to study these questions. First, the signal is large: tumor and normal tissue differ in the
expression of thousands of genes, so the classification is easy and near-perfect scores are
expected. Second, that very easiness is a trap. When every reasonable model scores close to the
ceiling within one dataset, internal cross-validation can no longer distinguish a genuinely robust
panel from a fragile one, because they all look identical. The only way to tell them apart is to
leave the dataset.

We therefore designed this study not to build the most accurate possible classifier, a target
that 1s already saturated and uninteresting on its own, but to ask what internal performance does
and does not tell us. Concretely: (1) we measured how AUC rises with panel size in TCGA breast
cancer to locate the smallest panel that captures the available signal; (ii)) we compared
interpretable models against black-box models on that panel; and (ii1) we tested whether the
panel and the trained model transfer to two independent cohorts on different platforms and from
different populations, separating the question of whether the model can still rank samples
(discrimination) from whether its actual decisions remain correct (calibration). Our hypothesis
was that internal near-perfection would overstate external performance, and specifically that
minimal panels chosen on internal data would be optimistic. The data supported a sharper
version of this hypothesis than we had expected.

Materials and Methods. Data. Discovery data were the TCGA-BRCA "HiSeqV2" gene-
level expression matrix obtained from the UCSC Xena platform [9], comprising log2-
transformed, normalized RNA-seq values for 20,531 genes. Sample type was read from the
TCGA barcode: codes ending in -01 were labeled primary tumor (n=1,097) and -11 solid-tissue
normal (n = 114); the seven metastatic (-06) samples were excluded to keep the contrast clean.
Genes with missing values or near-zero variance were removed, leaving 20,250 genes. External
cohorts were GSE42568 [10] (GPL570; 104 tumors, 17 normals) and GSE15852 [11] (GPL96;
43 tumors, 43 normals), both downloaded as GEO series matrices; probe identifiers were
mapped to gene symbols using the corresponding GEO platform annotation and collapsed to
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gene level by averaging probes. Because GEO series matrices are inconsistently scaled, any
cohort whose 99th-percentile intensity exceeded 50 was log2-transformed so that all cohorts
shared a log scale.

Feature selection and panel definition. All gene selection used only training data. Within
the TCGA training set (70%, stratified), genes were ranked by the absolute value of a Welch
two-sample t-statistic between tumor and normal. The panel-size curve (Figure 1) was computed
by nested 5-fold cross-validation: in each fold the top k genes were reselected on that fold's
training portion and a logistic regression was scored on the held-out portion, so the curve is not
contaminated by the validation fold. The minimal panel was the smallest k whose mean cross-
validated AUC was within 0.005 of the maximum. Panel stability was assessed two ways: the
mean pairwise Jaccard overlap of the size-k panels selected across the five folds, and the
selection frequency of each gene among the top 20 across 500 bootstrap resamples of the
training set, which defined the bootstrap-stable consensus ordering.

Models and evaluation. On the locked panel we trained logistic regression (L2-
regularized), a depth-3 decision tree, a random forest (400 trees), and gradient boosting, all with
balanced class weights to address the approximately 10:1 class imbalance. Features were
standardized using statistics estimated on the training set only. Each model was scored once on
the untouched 30% TCGA test set; we report AUC, average precision (PR-AUC), accuracy,
balanced accuracy, F1, sensitivity, and specificity. The logistic-versus-random-forest AUC
difference and its 95% confidence interval were estimated by 2,000 bootstrap resamples of the
test set. For external validation, models were trained on the full TCGA cohort (panel genes, z-
scored within TCGA) and applied to each external cohort (same genes, z-scored within that
cohort); external labels were never used for fitting. We report external AUC with a 2,000-
resample bootstrap confidence interval, and we report balanced accuracy both at the transferred
0.5 decision threshold and at the cohort-optimal threshold (the point maximizing Youden's J on
that cohort) to separate discrimination from calibration.

Reproducibility. Analyses used Python 3.14 with NumPy, pandas, SciPy, and scikit-learn
[12]. A fixed random seed (20260613) was used throughout. All data are public; the analysis
scripts, the exact dataset identifiers, and the result and figure files needed to reproduce every
number in this paper are provided in the replication package.

Ethics. All data are de-identified, publicly released human genomic datasets used under
their public data-use terms; no new human-subjects data were collected, and no attempt was
made to re-identify any individual.

Results

Discrimination saturates with one to two genes

We split the 1,211 TCGA-BRCA samples (1,097 primary tumors, 114 solid-tissue
normals) into a 70% training set and a 30% held-out test set, ranked genes by their tumor-versus-
normal t-statistic within the training folds only, and measured how cross-validated AUC
changed as we added genes (Figure 1). A single top-ranked gene already achieved a mean cross-
validated AUC of 0.990; two genes reached 0.996; and performance plateaued near 0.999 by
ten genes, with no meaningful improvement from adding more. By our pre-specified rule (the
smallest panel within 0.005 AUC of the best), the minimal panel contained just two genes,
SPRY2 and FIGF. On the untouched test set this two-gene logistic-regression panel scored an
AUC of 0.9994.
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This confirms, with a clear quantitative shape, the expectation that tumor-versus-normal
discrimination in bulk breast tissue is an easy problem: essentially all of the separable signal is
captured by the first one or two genes.

Discrimination saturates with very few genes
|

1.000 - il

0.998 -

0.996 -

0.994

0.992

0.990 ~

0.988 -

0.986 A

Cross-validated AUC (TCGA-BRCA train)

o W w
Panel size k (number of genes, log scale)
Figure 1. Discrimination saturates with very few genes. Mean cross-validated AUC
(£SD across 5 folds) on the TCGA-BRCA training set as a function of panel size k (log scale).
The dashed line marks the selected minimal panel (k = 2).

Simple models match black-box models

On the locked two-gene panel we trained four classifiers and scored each once on the
held-out test set (Figure 2). A logistic regression (AUC 0.9994) and a depth-3 decision tree
(AUC 0.9984), both fully interpretable, were statistically indistinguishable from a random forest
(AUC 1.000) and gradient boosting (AUC 1.000). A bootstrap estimate of the AUC difference
between logistic regression and random forest was -0.0006, with a 95% confidence interval of
-0.0021 to 0.000. A random forest trained on all 20,250 genes did no better (AUC 0.9999) than
the two-gene logistic model. These near-perfect scores reflect how separable the task is rather
than information leakage: gene ranking and model fitting used the training data only, and the
test set was scored exactly once. For this task, then, neither additional genes nor additional
model complexity bought any measurable accuracy, and the interpretable model is preferable
on every other ground.
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Simple models match black-box models on the panel
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Figure 2. Simple models match black-box models on the panel. Held-out TCGA test
AUC for the two-gene panel under a logistic regression, a depth-3 tree, a random forest, and
gradient boosting.

The minimal panel is only moderately unique, but a stable consensus exists

Because so many genes are strongly differentially expressed, the particular two genes
selected depend somewhat on the sample. Across five cross-validation folds the exact two-gene
panel had a mean pairwise Jaccard overlap of 0.73, and in a 500-iteration bootstrap the second
panel member was replaced in a substantial minority of resamples. Rather than treat one fragile
pair as "the" panel, we ranked genes by how often they appeared among the top genes across
500 bootstraps (Figure 3). FIGF and SPRY2 were selected in 100% of bootstraps, followed by
TSLP (99.8%), SCN4B (99.6%), TMEM220 (99.6%), MATN2 (99.6%) and MMP11 (98.0%).
We carried forward this bootstrap-stable ordering as a "consensus panel" so that the genes we
tested externally were not an artifact of a single split (Table 1). In the locked two-gene logistic
model both genes were lower in tumor than in normal tissue (SPRY?2 log2 fold-change -2.9;
FIGF -6.1), consistent with the reported loss of the SPRY2 tumor-suppressor in breast cancer

[7].

Table 1 — The bootstrap-stable consensus panel. Selection frequency is the fraction
of 500 bootstrap resamples of the TCGA training set in which the gene appeared among
the top 20 by t-statistic. Direction is the change in tumor relative to normal tissue.

Gene Selection frequency Direction in tumor
FIGF (VEGFD) 1.00 down

SPRY2 1.00 down

TSLP 0.998 down

SCN4B 0.996 down

TMEM220 0.996 down

MATN2 0.996 down

MMP11 0.980 up

MAMDC?2 0.960 down
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Which genes are stably selected

FIGF
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Bootstrap selection frequency (top-20, B=500)

0.0

Figure 3. Which genes are stably selected. Bootstrap selection frequency (top-20
membership across 500 resamples of the TCGA training set) for the most frequently chosen
genes.

Discrimination degrades gracefully across cohorts, but calibration does not transfer

We then applied the TCGA-trained panels, unchanged, to two independent cohorts (Table
2): GSE42568 (104 tumors, 17 normals; Irish; Affymetrix GPL570) and GSE15852 (43 tumors,
43 normals, matched; Malaysian; Affymetrix GPL96). Each cohort differs from TCGA in both
measurement platform and population, and neither cohort's labels were ever used to fit or tune
the model; each gene was standardized within each cohort to put the RNA-seq and microarray
scales on comparable footing (Figures 4-6).

Table 2 — The three cohorts. The TCGA discovery cohort and the two independent
validation cohorts differ in measurement platform and population, which is what makes
them a genuine external test.

Cohort Role Platform Population | Tumor Normal
TCGA- discovery RNA-seq mixed 1,097 114
BRCA (Illumina (USA)
HiSeq)
GSE42568 external microarray Irish 104 17
(Affymetrix
GPL570)
GSE15852 external microarray Malaysian 43 43
(Affymetrix
GPL96)

Discrimination held up reasonably well. The consensus panel reached an external AUC
of 0.967 (95% CI 0.91-1.00) on the Irish cohort and 0.817 (95% CI 0.73-0.90) on the more
distant Malaysian cohort; the bare two-gene panel was weaker on both (0.893 and 0.706). In
every cohort the interpretable logistic model again matched or beat the random forest, so the
simple-equals-complex finding was not an artifact of the discovery cohort.
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The internal-to-external generalization gap
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Figure 4. The internal-to-external generalization gap. AUC of the bootstrap-consensus
panel as a function of size, evaluated internally (TCGA cross-validation) and externally on
GSE42568 with logistic regression and random forest. Internal AUC is flat near the ceiling
while external AUC is lower and size-dependent.

ROC: 6-gene panel (FIGF, SPRY2, TSLP, SCN4B, TMEM220, MMP11)
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Figure 5. Internal versus external ROC. ROC curves for the consensus panel: TCGA
internal cross-validation versus the GSE42568 external cohort.

The decisions, however, did not transfer. When we kept the threshold the model had
learned on TCGA, balanced accuracy on the Irish cohort stayed high (0.91), but on the
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Malaysian cohort it collapsed to 0.50 for the consensus panel, exactly chance, because the model
labeled almost every sample as tumor (specificity 0.00—0.16). This was not a failure of the
underlying signal: when we instead chose the threshold that was optimal on that cohort, balanced
accuracy recovered to 0.76 (consensus panel) and 0.66 (two-gene panel). This recalibrated
figure uses the external cohort's own labels to pick the threshold, so it is an optimistic best case
rather than a deployable accuracy; we report it only to show that the ranking still carries real
signal that the inherited threshold fails to use. The gap between the transferred-threshold and
recalibrated-threshold balanced accuracy isolates the problem precisely. The model can still
rank Malaysian samples well above chance, but the operating point it learned from TCGA is
wrong for that cohort. On the Irish cohort, which is heavily tumor-weighted like TCGA, the
transferred and recalibrated thresholds nearly coincided (0.91 vs 0.91), which is why the
calibration failure is invisible there and only appears on the balanced, more distant cohort.

The larger consensus panel generalized better than the two-gene panel on discrimination
in every external comparison, but it did not repair calibration; its transferred-threshold balanced
accuracy was the one that fell furthest. More genes bought a more reliable ranking, not a more
transferable decision rule.

Discrimination degrades but survives Calibration does not transfer

B 2-gene minimal mm transferred threshold
mmm consensus panel mmm recalibrated threshold

0.7 1

External AUC (discrimination)
Balanced accuracy

GSE42568 GSE15852 GSE42568 GSE15852
Irish / GPL570 Malaysian / GPL96 Irish / GPL570 Malaysian / GPL96
(104T/17N) (43T/43N) (104T/17N) (43T/43N)

Figure 6. Discrimination degrades but calibration does not transfer. Left: external AUC
of the two-gene and consensus panels on the Irish (GSE42568) and Malaysian (GSE15852)
cohorts. Right: balanced accuracy of the consensus panel at the transferred TCGA threshold

versus a cohort-recalibrated threshold; the transferred threshold collapses to chance on the
most distant cohort.

Discussion. The headline number for tumor-versus-normal classification in breast cancer,
near-perfect internal accuracy, is real and reproducible, and on its own almost meaningless as
evidence that a minimal panel would be useful. Our internal results reproduce the saturation that
the literature would predict: one gene is nearly enough, two genes essentially exhaust the
separable signal, and a transparent logistic regression matches the best black-box model. If the
study had stopped at the edge of the discovery cohort, as many do, it would have reported a tidy
two-gene, fully interpretable, "100% AUC" classifier.

The external analysis shows why that report would have been misleading in a specific
and measurable way. We found it useful to separate two things that internal cross-validation
silently merges. Discrimination, the ability to rank tumors above normals, degraded gracefully
across platform and population (AUC from approximately 0.99 internally to 0.82 on the most
distant cohort) and remained clearly above chance; this is the part of performance that internal
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optimism overstates only mildly. Calibration, whether the model's actual yes/no decisions
remain correct at a fixed threshold, did not transfer at all to the most distant cohort, where the
inherited threshold produced chance-level balanced accuracy despite a still-informative ranking.
The distinction matters because a classifier is deployed at a threshold, not as a ranking, and a
model that "still has an AUC of 0.82" can nonetheless make almost entirely wrong calls on a
new population; calibration is increasingly recognized as the property of a clinical prediction
model that most often fails on transfer, even when discrimination is preserved [8]. The widening
gap between transferred and recalibrated balanced accuracy, from negligible on the TCGA -like
Irish cohort to large on the Malaysian cohort, is a compact way to see external optimism that a
single AUC hides.

Two design choices were necessary to see this. First, using two external cohorts rather
than one separated a platform effect from a population effect well enough to show that the
calibration problem grows with distance from the training cohort, not with any single dataset's
quirk. Second, reporting balanced accuracy at both the transferred and the cohort-optimal
threshold, rather than AUC alone, was what exposed the calibration failure; AUC by itself would
have told a falsely reassuring story.

For a student or researcher building a minimal expression panel, the practical lessons are
concrete. The size of a panel chosen by internal performance is not trustworthy on its own,
because internal cross-validation cannot distinguish panels that an external cohort separates
clearly; a bootstrap-stable consensus panel is a safer object to carry forward than the single best
split's selection. Reported accuracy should always be paired with at least one external cohort
and with a calibration check, not only a discrimination metric. And the common practice of
stopping at internal validation will tend to publish panels that look deployable and are not.

This study has clear limitations. It examines a single, deliberately easy task (bulk tumor
versus normal tissue), and the conclusions about calibration transfer may differ for harder
problems such as subtype classification or outcome prediction, where the internal ceiling is
lower and the questions of panel size and model complexity are live rather than saturated. The
normal-tissue counts in the external cohorts are small (17 in one cohort), which widens the
confidence intervals and is why we report them. The platform difference (RNA-seq versus two
microarray generations) is entangled with the population difference, so we cannot fully separate
the two sources of the calibration shift, only show that it grows with combined distance. Finally,
the biological interpretation of the panel genes is secondary to the methodological point and is
offered only as a consistency check, not as a claim of novel biology. Future work that we think
would be valuable includes repeating the discrimination-versus-calibration analysis on a non-
saturated task, and testing whether standard cross-dataset normalization methods restore
calibration as well as they preserve discrimination.

Conclusion. In breast cancer, tumor-versus-normal discrimination from gene expression
1s an easy problem: one or two genes (SPRY2, FIGF) reach near-perfect internal AUC, and a
transparent logistic regression matches black-box models. A panel selected on internal data,
however, overstates its real-world usefulness. Across two independent cohorts on different
platforms and populations, discrimination degraded gracefully (AUC down to 0.82) while the
inherited decision threshold did not transfer at all, collapsing to chance-level balanced accuracy
on the most distant cohort; a bootstrap-stable consensus panel improved discrimination but not
calibration. Honest evaluation of minimal gene panels must therefore test discrimination and
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calibration separately on more than one cohort, rather than relying on near-perfect single-dataset
accuracy.
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Abstract: Classic structural accounts of intra-sentential code-switching, Poplack's Free-
Morpheme Constraint (FMC) and Equivalence Constraint (EC), and Myers-Scotton's Matrix
Language Frame (MLF) model, were developed largely on Spanish—English and other Indo-
European pairs. How they behave on a typologically mismatched agglutinative—fusional pair
such as Kazakh—Russian is under-described, especially in naturalistic written social-media data.
This study assembles a corpus of 2,447 Kazakh-matrix sentences containing Russian-script
material, drawn from a public, openly-licensed set of 172,015 Kazakh online reviews
(KazSAnDRA, CC BY 4.0), and codes the structural type of each switch and, for single-item
switches, whether the Free-Morpheme Constraint 1s respected. Kazakh—Russian online code-
switching is overwhelmingly insertional: about 98% of switch spans are single words, and
Kazakh is the matrix language in about 98% of sentences. The typological prediction that the
Free-Morpheme Constraint would be the first to fail for this pair is not supported. Russian
elements are mostly inserted as bare free morphemes, and on a cleaned set of 1,618 single-item
lexical switches the FMC is violated in only 4.9% of cases (95% CI 3.9-6.0) and respected in
95.1%. The rate is stable across borrowing thresholds (4.7-5.1%) and barely moves between
the raw and cleaned candidate sets. This contrasts with spoken findings on comparable pairs: in
Turkish—English [1], Arabic—English [2], and, most tellingly, the closest sister pair Kyrgyz—
Russian [3], morphological integration of inserted material is common, and in spoken Kyrgyz—
Russian the single most frequent insertion pattern is a Russian noun carrying a native matrix-
language suffix. Written Kazakh—Russian switching is just as insertional and just as firmly
Kazakh-matrix as those pairs, but keeps the inserted Russian element morphologically bare, so
the Free-Morpheme Constraint is respected far more often. The violations that do occur cluster
in slang and recent loans that take Kazakh case or number morphology (for example MamOep-
aep-re 'to the members', and a vulgar slang neologism carrying the Kazakh plural suffix -tap).
In this written register, Kazakh—Russian contact is dominated by lexical insertion that mostly
conforms to the classic constraints, with morphological integration a minority pattern. The most
economical reading of the contrast with the spoken neighbours is a register-and-modality effect
rather than a typological one. All data, code, and coding decisions are released for reproduction.

Keywords: code-switching; Kazakh—Russian; Free-Morpheme Constraint; Matrix
Language Frame model; corpus linguistics; social-media language; bilingualism.

1. Introduction
Kazakhstan is a deeply bilingual country. Kazakh is the state language and Russian is the
language of interethnic communication, and in cities most ethnic Kazakhs use both, often
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moving between them inside a single sentence. This kind of switching, where a person writing
or talking mainly in Kazakh drops in a Russian word or phrase, is an ordinary feature of
everyday language in Almaty, Astana, and online. It appears in conversation, in messaging, and
in the short evaluative writing people produce when they review a product, a film, or a service.
For most urban Kazakh speakers it is not a marked or unusual act; it is simply how they
communicate.

The pairing is interesting for linguistics because the two languages are built very
differently. Kazakh is agglutinative: it adds strings of suffixes to a stem to mark case, number,
and possession, so that grammatical information is spread across a sequence of clearly separable
endings (for example yu 'house', yii-ee 'to the house', yi-1ep-ece 'to the houses'). Russian is
fusional: it packs several grammatical meanings into a single ending, so that one suffix can
simultaneously carry case, number, and gender. When two languages this structurally distinct
are mixed, the points where they join become a natural test of the rules that are supposed to
govern code-switching. If a Russian noun is dropped into a Kazakh sentence, does the speaker
leave it bare, or do they attach Kazakh suffixes to it as if it were a Kazakh word? The answer is
not obvious in advance, and different theoretical traditions predict different things.

Three proposals have shaped how linguists think about the structure of switching. The
Free-Morpheme Constraint and the Equivalence Constraint [4, 5] and the Matrix Language
Frame model [6] were built mainly on Spanish—English and other European pairs. How they
behave on a typologically mismatched, agglutinative—fusional pair like Kazakh—Russian is
much less clear, and almost no work tests them on naturally written social-media text, where
switching happens constantly and is easy to collect at scale. Most existing descriptions of
Kazakh—Russian contact are functional or sociolinguistic: they describe who switches, in what
settings, and why, rather than offering structural tests of whether the classic constraints hold.

This study asks a deliberately narrow question: in written Kazakh—Russian code-
switching, do these constraints hold, and which one is broken most often? To answer it, the
study assembles a corpus of 2,447 Kazakh-matrix sentences containing Russian material from
a public dataset of Kazakh online reviews, codes the structure of each switch, and measures how
often the Free-Morpheme Constraint is respected. The contribution is a first quantitative,
reproducible, openly-licensed test of these classic constraints on this under-studied pair, in a
written register that previous structural work on the closely related pairs has largely not
examined. The result is reported with explicit attention to the borrowing problem, the genuine
difficulty of telling an inserted code-switch apart from an established loanword, which is the
single most important methodological hazard in this kind of count and which much earlier work
leaves implicit.

2. Background and Literature

2.1 Code-switching, borrowing, and the unit of analysis

Code-switching is the use of two languages within a single conversation or sentence.
Inter-sentential switching moves between languages at sentence boundaries; intra-sentential
switching, the focus of this study, happens inside a single sentence, where one language supplies
most of the clause and the other contributes one or more elements. Researchers have long asked
whether intra-sentential switching is random or rule-governed, and the dominant answer has
been that it is rule-governed: switches are not scattered arbitrarily but cluster at particular
structural sites and avoid others.
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A persistent complication runs underneath every structural count of switching: the
difference between a code-switch and a borrowing. A code-switch is a momentary use of the
other language; a borrowing is a foreign-origin word that has become an established part of the
recipient language and is no longer felt as foreign. The distinction matters because an established
borrowing that happens to carry native morphology is not evidence that a speaker violated a
switching constraint; the word is simply a recipient-language word by now. Muysken [7] treats
the boundary as a continuum rather than a clean line, organised by degree of bilingual use,
regularity, and structural integration, and warns that any quantitative claim about switching
depends heavily on where the analyst draws it. This study takes that warning seriously and
builds an explicit, reproducible borrowing filter rather than leaving the decision to intuition
(Section 4).

2.2 The three classic constraints

The Free-Morpheme Constraint (FMC) [4, 5] states that a switch cannot occur between a
bound morpheme and a lexical stem unless the stem is phonologically integrated into the
language of the morpheme. In plain terms, a speaker should not attach a grammatical suffix
from one language directly onto a root from the other in the middle of a switch. For the present
pair, the configuration the FMC forbids is a Russian root that carries a Kazakh case, number, or
possessive suffix without having been adopted as a Kazakh word, for instance a Russian noun
stem with a Kazakh dative or plural ending attached.

The Equivalence Constraint (EC) [4] states that switches tend to occur at points where
the two languages share the same surface word order, and are avoided where their orders clash.
The constraint is most naturally tested on multi-word switches and on the boundaries between
switched and non-switched stretches, because it is fundamentally a claim about word order at
the switch site. For a single inserted content word it is often not testable, since one word does
not by itself create an order conflict.

The Matrix Language Frame model (MLF) [6] takes a different angle. In any mixed
clause, one language, the matrix, supplies the grammatical frame, including the inflectional
morphology and the order of major constituents, while the other, the embedded language,
contributes content words inserted into that frame. The MLF predicts an asymmetry: system
morphemes (the grammatical glue) come from the matrix, while embedded-language material
1s mostly open-class content. Identifying the matrix language is therefore the first analytic step,
and for Kazakh—Russian the relevant question is whether Kazakh reliably supplies the
inflectional frame.

2.3 Evidence from typologically distinct pairs

These constraints have not held up uniformly, and the clearest counter-evidence comes
from typologically distinct pairs in which one language is agglutinating. For Arabic—English,
Bahri [2] analysed 886 intra-sentential code-switching utterances from naturalistic podcast
speech among Saudi women and found substantial violations of both constraints: the FMC was
violated in 34.5% of utterances and the EC in 67.8%. The FMC violations were unidirectional
(Arabic bound morphemes attaching to English free morphemes), and the same speakers
alternated between constraint-abiding and constraint-violating utterances, which rules out
limited competence as the explanation. For Turkish—English, an agglutinative—analytic pair,
Kemaloglu-Er [1] reported that the most salient intra-sentential pattern was the affixation of
Turkish bound morphemes (case, plural, and possessive suffixes) to English noun stems with
no phonological adaptation, a direct and frequent violation of the FMC; the data were only
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partially consistent with the EC. Because Kazakh is also agglutinative, the natural prediction by
analogy with Turkish—-English and Arabic—English is that Kazakh—Russian should break the
FMC readily, with Kazakh case and number suffixes attaching to inserted Russian roots.

The closer neighbours, Turkic- and Caucasus-and-Russian pairs, agree on one thing and
disagree on another, and the disagreement is exactly what this study measures. They agree that
switching is insertional and that the agglutinative language is the stable matrix. Inan [8] analysed
Turkish—Russian code-switching among bilingual Ahiska Turks and found the data well-
described by the MLF model across parts of speech, with Russian adpositions surfacing as
embedded-language islands. Forker [9], working on Sanzhi (a Nakh-Daghestanian language) in
contact with Russian, analysed roughly 6,000 tokens of natural speech from six speakers, found
the data largely handled within the MLF model, confirming Myers-Scotton's Uniform Structure
Principle, and reported a strong preference for inserting open-class items, especially nouns, over
closed-class items. Where these studies bear directly on the Free-Morpheme Constraint, though,
the spoken data show heavy morphological integration of the inserted item.

The sharpest case is the closest relative. Odagiri [3] analysed Kyrgyz—Russian switching
in Bishkek, Kyrgyz being a Turkic sister of Kazakh, and found that the single most frequent
insertion pattern of all was a Russian noun carrying a Kyrgyz (matrix-language) suffix, with the
same morphological adaptation observed for inserted adjectives and verbs. That is, the
configuration the FMC forbids is not marginal in spoken Kyrgyz—Russian; it is the dominant
one. Odagiri also foregrounds the methodological problem this study runs into directly: the
boundary between an inserted code-switch and an established borrowing is genuinely hard to
draw, and is best treated as a continuum of bilingual use, regularity, and structural integration
[7].

2.4 The gap and the competing expectations

The literature therefore offers two competing expectations for Kazakh—Russian. The
spoken agglutinative-pair studies (Turkish—English, Arabic—English, and even the sister pair
Kyrgyz—Russian) predict heavy FMC violation, because inserted foreign roots routinely pick up
native bound morphemes in speech. The alternative is that Kazakh—Russian, in a written
register, keeps its insertions bare, leaving the FMC mostly intact. These cannot both be right,
and no one has measured it on this pair. What is missing is a quantitative test on Kazakh—Russian
specifically, on written data, that codes the structure of switches, reports how often the classic
constraints are respected, and handles the borrowing problem explicitly rather than ignoring it.
That is the gap this study fills.

3. Data

The corpus is built from KazSAnDRA (IS2AI), an openly-licensed (CC BY 4.0)
collection of 172,015 unique Kazakh online reviews. The register is the kind of short, evaluative,
public writing in which Kazakh—Russian mixing actually occurs at high density: product,
service, and media reviews written by ordinary users. An openly-licensed source was chosen
deliberately so that the corpus, the code, and every coding decision can be released and rebuilt
by anyone, which is rare in studies of this pair and is itself part of the contribution.

A sentence was treated as a candidate Kazakh—Russian code-switch when it satisfied three
conditions: it contained at least two tokens with Kazakh-unique graphemes (so the matrix is
genuinely Kazakh, not Russian), at least one Russian-marked token (a Russian-only grapheme
such as €/3/p, or unambiguous Russian inflectional morphology), and a Kazakh—Russian
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adjacency at the switch site. This yielded 2,447 candidate sentences, about 1.4% of the source,
a realistic rate for naturally occurring intra-sentential switching in written review text.

The candidate set was then cleaned in stages, because raw social-media text carries
material that would distort a structural count. Non-lexical noise (keysmash, laughter, repeated
characters) was removed, as were proper names (which are language-neutral and not switches
in the relevant sense), and established borrowings were excluded by the diffusion criterion
described in Section 4. Table 1 reports each step. After cleaning, 1,618 single-item lexical
switches across 1,451 sentences remained as the set on which the Free-Morpheme Constraint
was tested; multi-word spans were set aside for separate analysis.

Provenance and reproducibility are treated as first-class. Build scripts and a per-row
provenance log are released, and the corpus is rebuildable from the public source. On ethics, the
data are public review text; no handles or personal identifiers were collected; the work is
minimal-risk and license-compliant. The author declares no conflict of interest.

4. Method

The analysis has four coding decisions, each fixed before any result was computed so that
the study is a genuine test rather than a search for a favourable number.

Switch-structure coding. Each switch span was coded as either a single-word insertion or
a multi-word span (an alternation or an embedded-language island). This distinction establishes
whether the corpus is dominated by insertion (single foreign words dropped into a native frame)
or by alternation (the grammar itself switching for a stretch), and it determines which constraints
are even testable on a given item.

Borrowing exclusion. Because an established loanword carrying native morphology is
not a constraint violation, a Russian-script item was treated as an established borrowing, and
excluded from the FMC test, if its stem, after exhaustive Kazakh-suffix peeling, occurred at
least five times in a 6.6-million-token monolingual-Kazakh reference corpus built from
fineweb-2 Kazakh. The intuition is simple: a Russian-origin form that already appears
frequently in Kazakh-only text has diffused into Kazakh and is no longer a momentary switch.
The frequency threshold was swept (3 /5 / 10/ 20) to confirm that the headline result does not
depend on the exact cut-off. This operationalises the nonce-borrowing problem that Muysken
[7] and Odagiri [3] both flag, and makes the boundary decision reproducible rather than
intuitive.

FMC coding. A genuine (non-borrowing) Russian root carrying an unambiguously
Kazakh bound morpheme (a case, number, or possessive suffix whose form does not coincide
with any Russian inflection) was coded as an FMC violation. A bare Russian free form was
coded as FMC respected. Endings that are ambiguous because they coincide with a Russian
inflection (for example -»1) were not automatically counted as violations, which makes the
violation estimate conservative: the procedure errs toward under-counting violations, not
inflating them.

MLF and EC. The matrix language was identified by which language supplies the
inflectional frame of the clause. The Equivalence Constraint is not testable for a single inserted
content word, so single-word insertions were coded N/A for the EC; multi-word alternations
were flagged for case-by-case coding.

The coding scheme and the analysis were pre-registered, written down before results
existed, so the study reports honest research rather than a post-hoc fit. Proportions are reported
with 95% Wilson confidence intervals, which behave well for the small violation count.
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Coding validity. The automated coding was checked against a 50-item manual gold
subsample coded by the author, a native Kazakh—Russian bilingual. Automated-versus-manual
agreement on the FMC break/non-break decision was 98%. A second independent native coder
and a formal Cohen's k¥ on a 15-20% subsample are identified as the planned reliability
extension; they would strengthen the reliability claim and are noted as the next step before final
publication. The single-coder validation is reported transparently rather than presented as full
inter-rater reliability.

5. Results

Insertional dominance. Of 2,759 switch spans, 2,709 (about 98%) are single words; only
50 are multi-word. Kazakh—Russian online switching is therefore insertional rather than
alternational: speakers drop individual Russian words into a Kazakh sentence far more often
than they switch the grammar for a stretch.

Matrix language. Kazakh is the matrix language in 98.3% of sentences (95% CI 97.6—
98.8). Kazakh reliably supplies the inflectional frame, and Russian supplies content. This is the
stable-matrix profile the MLF model predicts and that the spoken neighbour studies also report.

Free-Morpheme Constraint. On the cleaned set of 1,618 single-item lexical switches the
FMC is violated in 4.9% of cases (95% CI 3.9-6.0) and respected in 95.1%. The rate is stable
across borrowing thresholds (4.7-5.1%) and barely moves between the raw and cleaned
candidate sets, so it is not an artefact of where the borrowing line is drawn. The Free-Morpheme
Constraint therefore largely holds for this pair in this register: Russian items are overwhelmingly
inserted bare, without a Kazakh suffix attached to a switched Russian root. The violations that
do occur cluster in slang and recent loans that take Kazakh morphology, for example mambep-
nep-ee 'to the members' (from English member via Russian) and a vulgar slang neologism taking
the Kazakh plural suffix -map.

Coding validity. On the 50-item manual gold subsample, automated-versus-manual
agreement on the FMC break/non-break decision was 98% (FMC-break precision 2/3, recall
2/2). The automated procedure tracks the human decision closely on this subsample, while the
formal second-coder reliability test remains the planned extension.

Table 1. Corpus construction and the cleaning pipeline. Each row is a filtering step
from the raw extraction to the set on which the Free-Morpheme Constraint was tested.

Step Sentences Switch tokens Note

Code-switch 2,447 2,759 spans 2,709 single-word,
candidates extracted 50 multi-word
from KazZSAnDRA
(172,015 reviews)

First-pass 2,006 2,202 single-word 507 first-pass
borrowing exclusion borrowing tokens
(diffusion threshold removed
>5)

Final clean set, 1,451 1,618 —147 noise, —239
exhaustive re-peel proper names, —544
(single-item lexical borrowings
switches)

Note. The first-pass borrowing filter removes 507 tokens; the final recompute re-derives
borrowings with exhaustive Kazakh-suffix peeling and removes 544, the authoritative count
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behind the 1,618-item test set. The intermediate token totals therefore differ slightly between
the two independent passes, and the 1,618-item set is the one on which all reported FMC rates
are computed.

Table 2. Free-Morpheme Constraint on 1,618 single-item lexical switches.
Proportions with 95% Wilson confidence intervals; the violation rate is stable across

borrowing thresholds (4.7-5.1%).
Outcome n Rate 95% CI
FMC respected 1,539 95.1% 94.0-96.1
(bare insertion)
FMC violated 79 4.9% 3.9-6.0
(Kazakh bound
morpheme on
Russian root)

6. Discussion

6.1 The prediction and what the data show

The typological prediction, drawn from spoken agglutinative-pair studies, was that the
Free-Morpheme Constraint would be the first constraint to fail for Kazakh—Russian. In Turkish—
English, Kemaloglu-Er [1] found that the most salient switching pattern was Turkish case,
plural, and possessive suffixes attached to English noun stems, exactly the configuration the
FMC forbids. In Arabic—English, Bahri [2] measured FMC violation at 34.5% of utterances,
again through bound morphemes of the agglutinating language attaching to free morphemes of
the other. If Kazakh—Russian behaved like these pairs, a violation rate in the same range would
be expected.

The written Kazakh—Russian data do not behave that way. The FMC is violated in only
4.9% of single-item lexical switches, an order of magnitude below the Arabic—English spoken
rate, and the result is stable across borrowing thresholds and across the raw and cleaned
candidate sets. Speakers overwhelmingly insert Russian content words as bare free forms inside
a Kazakh frame, which respects the FMC; attaching a Kazakh suffix to a switched Russian root,
the configuration the FMC rules out, stays rare. The data agree with the closest neighbours on
the two coarse facts (switching is insertional, and Kazakh is the matrix) but part company on
the one fact the FMC turns on.

6.2 Why the contrast is register, not typology

The contrast is sharpest against Kyrgyz—Russian, the Turkic sister pair. Odagiri [3] found
that the single most frequent insertion pattern in spoken Bishkek Kyrgyz—Russian was a Russian
noun with a Kyrgyz suffix attached, the very configuration the written Kazakh data avoid about
95% of the time. Kazakh and Kyrgyz are about as alike as two languages get, so the contrast
cannot be typological: if a shared agglutinative morphology drove morphological integration,
both should show it. The most economical explanation is register and modality. The data here
are written product and service reviews, a register of short evaluative sentences built around
single noun and adjective insertions, where there is little morphological pressure to fold a
Russian stem into a Kazakh case frame. The high-integration studies draw on spoken data:
classroom interaction in Kemaloglu-Er [1], conversational podcasts in Bahri [2], and recorded
conversation in Odagiri [3]. In speech, longer and syntactically denser utterances create far more
sites at which an agglutinating suffix must land on something, and sometimes that something is
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a switched root. On this reading, the low Kazakh—Russian violation rate is a property of written
review text, not of the language pair, and the quantitative result is best read as the first
measurement of how written Kazakh—Russian behaves, to be set beside the spoken neighbours
rather than merged with them.

6.3 Where the violations fall

A second observation reinforces the same conclusion: where the violations actually fall.
The small set of genuine FMC violations is not random. It is concentrated in slang and very
recent loans that have not yet stabilised as borrowings: mambep-nep-ce (from English member
via Russian) and a vulgar slang neologism inflected with the Kazakh plural -map. These are
precisely the open-class, newly-entering items that Forker's [9] borrowing/code-switching part-
of-speech hierarchy predicts will be integrated first, which suggests that morphological
integration in Kazakh—Russian is an early stage of borrowing rather than a productive switching
strategy. Both the register contrast and the lexical profile of the violations point the same way:
in this written register, Kazakh—Russian contact is insertional and constraint-respecting, with
morphological integration a minority, lexically-restricted pattern.

6.4 Fit with the Matrix Language Frame model

The finding fits an insertional MLF account, with Kazakh as a stable matrix supplying
the inflectional frame and Russian contributing content words. It does not, on its own, settle
whether the same would hold in speech: the modality reading above predicts it might not, and a
parallel spoken Kazakh—Russian corpus is the natural next test. The result also has a practical
implication for anyone building tools (spell-checkers, language-identification systems, or text
normalisers) for Kazakh social media: in this register, Russian-origin material is far more likely
to appear as a bare inserted word than as a morphologically integrated form, which is the easier
case for a Kazakh-matrix parser to handle.

7. Limitations

The study is bounded in ways that should be read alongside the result. It covers a single
register and a single source: online reviews. Spoken Kazakh—Russian may pattern closer to the
Turkish—English and Arabic—English findings, and this study cannot rule that out. The candidate
set carries the usual social-media noise (proper names, typos, keysmash). Although a cleaning
pass removed 147 noise tokens, 239 proper names, and 544 borrowings, and the FMC rate barely
changed (4.8% raw to 4.9% cleaned), some residue such as lowercase proper names and rare
misspelled borrowings will remain until a full native pass. The borrowing/code-switch boundary
is criterion-dependent: the threshold sweep bounds the sensitivity but does not eliminate the
underlying continuum [7]. Reliability rests on a single coder (the author) with automated
assistance and a 50-item validation; a second independent native coder and a formal Cohen's «
would strengthen the claim and are the planned next step before final publication. Finally, the
Equivalence Constraint was not quantified for single insertions, and the multi-word subset
awaits case-by-case coding.

8. Conclusion

In Kazakh—Russian online code-switching, contact is dominated by single-word lexical
insertion into a Kazakh matrix, and the classic Free-Morpheme Constraint largely holds, with
violation at only 4.9%. This runs against the prediction (drawn from spoken Turkish—English,
Arabic—English, and even the sister pair Kyrgyz—Russian) that an agglutinative—fusional pair
would break that constraint first through morphological integration. The result shares the
insertional, stable-matrix profile documented for Kyrgyz—Russian, Sanzhi—Russian, and Ahiska
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Turkish—Russian, but diverges from those spoken corpora precisely on morphological
integration, which the written data keep rare. The most economical reading of that divergence
is a register-and-modality effect rather than a typological one. The contribution is a first
quantitative, reproducible test of these classic constraints on this under-studied pair, and the first
measurement of how the pair behaves in writing. The clearest next step is a parallel spoken
Kazakh—Russian corpus, coded the same way, to test whether the low violation rate is truly a
property of the written register or of the pair itself.
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Appendices
Appendix A. Data and reproducibility

Source series, build scripts (build corpus kazsandra.py, build kz lexicon.py,
apply borrowing_filter.py, constraint code v3.py, clean and recompute.py), the provenance
JSON, and the analysis outputs are released for rebuild from the public KazZSAnDRA source. A
reader can reconstruct the candidate set, the borrowing filter, and the final FMC counts from the
released package.

Appendix B. Coding manual and validation

The codebook (operational definitions of single-word insertion, established borrowing,
FMC violation, and matrix language, with decision rules), the 200-sentence native coding sheet,
and the 50-item author validation gold (98% break/non-break agreement) are included in the
replication package.
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IS THE CASPIAN SEA WARMING FASTER THAN THE WORLD OCEAN, AND IS
THE TREND ACCELERATING? A SATELLITE-ERA ANALYSIS OF SEA-
SURFACE TEMPERATURE (1982-2022)

Abstract: The Caspian Sea is the largest enclosed body of water on Earth and borders
Kazakhstan, yet most reporting on ocean warming uses the global average and says little about
how fast individual enclosed basins are warming. Enclosed seas are shallow and hold a small
volume of water for their surface area, so they are expected to respond quickly to a warming
atmosphere, but for any specific basin this should be tested against the global rate rather than
assumed. This study uses open satellite-era sea-surface-temperature (SST) data from the NOAA
Optimum Interpolation analysis to test two questions over 1982-2022: whether the Caspian Sea
warmed faster than the global ocean, and whether its warming accelerated. The Caspian was
isolated from surrounding land using the dataset's land—sea mask (57 water cells), the seasonal
cycle was removed against a fixed 1991-2020 baseline, and a linear warming rate was estimated
with autocorrelation-corrected standard errors and a non-parametric Theil-Sen check. Over
1982-2022 the Caspian warmed at +0.24 °C per decade (95% CI 0.16 to 0.32), about 2.2 times
the global-ocean rate of +0.11 °C per decade (95% CI 0.09 to 0.13); the difference was
statistically significant (+0.13 °C per decade, 95% CI 0.04 to 0.21). The global rate matched
published satellite-era estimates, which validates the method. The Caspian's warming did not
accelerate within the period: the quadratic time term was not significant, and the rate was lower
in the second half (+0.09 °C per decade) than the first (+0.43 °C per decade). The Caspian
therefore warmed markedly faster than the world ocean over the satellite era but did so without
accelerating. Because the analysis is observational, it describes the trend and its uncertainty
rather than attributing it to a single cause.

Keywords: Caspian Sea, sea-surface temperature, climate change, warming trend,
satellite data, OISST, enclosed sea

Introduction. The world ocean has warmed measurably over the satellite era. Across
widely used sea-surface-temperature (SST) datasets, the global ocean between 60° S and 60° N
warmed by roughly 0.11 to 0.18 °C per decade over the satellite period, and the average surface
temperature of the ocean has risen by close to 0.9 °C since the late nineteenth century [1, 2].
These figures are almost always reported as a global or near-global average. They say little
about how fast any one regional sea is warming, and regional rates can depart substantially from
the global mean.

Enclosed and semi-enclosed seas are a case where the regional rate is expected to differ.
Such basins are shallow and hold a small volume of water for their surface area, so the same
heat input from the atmosphere is spread through less water and is not easily exported to the
open ocean. On physical grounds this should make an enclosed sea respond faster to a warming

59



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

atmosphere than the global ocean does. The expectation is intuitive, but for any specific basin
it should be checked against data rather than assumed.

The Caspian Sea is the largest enclosed body of water on Earth and is directly relevant to
Kazakhstan, which forms much of its northern and eastern shore [3]. The northern Caspian in
particular is very shallow, which sharpens the physical reason to expect rapid warming there.
The Caspian has been studied intensively for its falling water level and for its wind and wave
climate, and reanalysis and satellite products have been validated for use over the basin in those
studies [4, 5]. Its surface-temperature trend, placed side by side with the global ocean rate and
tested for acceleration, is a narrower and more checkable question, and it is the one this study
addresses.

Two specific questions are asked. First, did the Caspian Sea warm faster than the global
ocean over the satellite era? Second, did the Caspian's warming accelerate within that period,
rather than proceeding at a steady rate? Both questions are answered with open data and a
transparent method, and both are framed so that the answer can be a clear yes, no, or only-under-
certain-conditions rather than an open-ended description.

Materials and Methods. Dataset. Monthly SST was taken from the NOAA Optimum
Interpolation SST analysis, version 2 (OISST v2), a 1° global product that blends satellite and
in-situ observations and is distributed by the NOAA Physical Sciences Laboratory [6, 7]. The
version used here covers December 1981 to January 2023; the analysis was restricted to the
complete calendar years 1982 through 2022 (492 monthly fields). OISST v2 was chosen because
it provides continuous monthly coverage over enclosed basins, including the Caspian, and
because it is distributed together with a land—sea mask that allows water cells to be separated
from land.

Isolating the Caspian. A bounding box alone is not sufficient, because OISST v2 reports
filled values over land as well as water, so an unmasked box average would be contaminated by
land. To avoid this, the Caspian was defined as the intersection of a bounding box (36—48° N,
46-55° E, a range that contains no other large water body) with the dataset's land—sea mask,
keeping only the 57 grid cells flagged as water. The land—sea mask was verified directly: known
land points (interior Kazakhstan, the Turkmen desert, the Zagros) were correctly flagged as
land, and Caspian interior points as water. Regional means were area-weighted by the cosine of
latitude.

Global comparison region. The global-ocean baseline was the area-weighted mean of all
water cells between 60° S and 60° N, the latitude band conventionally used to avoid sea-ice
contamination of the trend [1]. The Caspian cells are included in this global mean but make up
0.18 % of all ocean cells, so their contribution to the global value is negligible.

Pre-processing. For each region the monthly field was averaged to a single monthly series,
and the seasonal cycle was removed by subtracting the long-term mean of each calendar month,
computed over a fixed 1991-2020 climatological baseline applied identically to both regions.
Using the same baseline period for the Caspian and the global ocean is essential so that the two
trends are comparable.

Trend estimation. The warming rate for each region was estimated as the slope of an
ordinary-least-squares regression of the monthly anomaly on time, expressed in °C per decade.
Because monthly SST anomalies are autocorrelated, the standard error of the slope was
corrected for serial correlation with Newey—West (HAC) standard errors using twelve lags,
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which widens the confidence interval to a realistic width. The non-parametric Theil-Sen slope
with a Mann—Kendall test was computed as a robustness check that is insensitive to outliers.

Acceleration test. Acceleration was tested two ways. First, a quadratic term in time was
added to the regression; a significant positive quadratic coefficient would indicate an
accelerating trend. Second, the record was split at its midpoint and the linear rate of the first half
(1982-2002) was compared with that of the second half (2002-2022), with a confidence interval
on the difference. Reporting both guards against reading a single curved fit as acceleration when
it is not robust.

Regional comparison. The central comparison is the difference between the Caspian
decadal rate and the global decadal rate, reported with a confidence interval, so that the answer
to the first research question is not just which number is larger but whether the difference is
distinguishable from zero given the noise in the data.

Reproducibility and ethics. The analysis uses only publicly available, de-identified
environmental data and involves no human or animal subjects, so no ethical approval was
required. The dataset versions, access date, and full analysis code are preserved, so every
number below can be reproduced from the two open source files.

Results. Caspian and global warming rates. Over 1982-2022 the Caspian Sea warmed at
+0.239 °C per decade, more than twice the global-ocean rate of +0.109 °C per decade (Table
1). Both trends were highly significant, and both were confirmed by the non-parametric Theil—
Sen estimator (+0.247 and +0.110 °C per decade respectively). The global rate falls within the
published satellite-era range of 0.11-0.18 °C per decade [1], which validates the processing
pipeline against an independent benchmark.

Table 1 — Linear sea-surface-temperature trends for the Caspian Sea and the global
ocean over 1982-2022, with autocorrelation-corrected (Newey—West) confidence intervals.

Region (OISST v2, | Warming rate, 95% CI1 p-value
1982-2022) °C/decade

Caspian Sea +0.239 +0.155 to +0.323 <0.001

Global ocean (60° +0.109 +0.090 to +0.128 <0.001
S—60° N)

Difference +0.129 +0.043 to +0.215 <0.01
(Caspian — global)

Direct comparison. The difference between the two rates was +0.129 °C per decade, and
its 95 % confidence interval (0.043 to 0.215) excludes zero. The Caspian Sea therefore warmed
significantly faster than the global ocean over the satellite era, by roughly a factor of 2.2. This
answers the first research question: yes.
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Caspian vs global ocean SST anomaly, OISST v2
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Figure 1 — Monthly SST anomaly for the Caspian Sea and the global ocean (1982—
2022), relative to the 1991-2020 baseline, with fitted linear trends. The Caspian series is both
warmer-trending and far noisier than the global mean.

Acceleration. The Caspian's warming did not accelerate (Table 2). The quadratic time
term was small, negative, and not significant (p = 0.095), so there is no statistical support for an
upward curve. The split-half test pointed the other way: the warming rate was higher in the first
half of the record (+0.432 °C per decade, 1982-2002) than in the second (+0.088 °C per decade,
2002-2022), a decrease of —0.345 °C per decade whose confidence interval (—0.679 to —0.010)
just excludes zero. The two tests agree that there was no acceleration; if anything the rate eased
in the second half, though this easing is borderline. This answers the second research question:
no.

Table 2 — Tests for acceleration of the Caspian warming trend. Neither test supports
acceleration.
Caspian Estimate 95% CI1 p-value
acceleration test
Quadratic time —0.00068 — 0.095
coefficient (°C/yr?)
First-half rate +0.432 — —
(1982-2002),
°C/decade
Second-half rate +0.088 — —
(2002-2022),
°C/decade
Change between —0.345 —0.679 to —0.010 <0.05
halves, °C/decade

Discussion. Over 1982-2022 the Caspian Sea warmed about 2.2 times as fast as the
global ocean, and the difference was statistically significant. This supports the physical
expectation that a large but shallow enclosed sea, with a small water volume for its surface area,
warms faster than the open ocean, and it attaches a specific number to that expectation for a
basin on Kazakhstan's coast. The result is strengthened by the fact that the same pipeline
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reproduced the known global rate of about 0.11 °C per decade, so the Caspian figure is not an
artefact of the processing.

The second finding is the more surprising one. Despite warming quickly overall, the
Caspian's warming did not accelerate within the period; the rate was actually lower in the second
half of the record than the first. This runs against a simple picture in which a warming world
drives an ever-faster regional trend, and it suggests that the Caspian's surface temperature is
shaped by more than the global background, plausibly by its own variability in level, inflow,
and circulation, which are known to be large for this basin [4, 5]. The present data establish that
the warming did not speed up; they do not by themselves explain why, and that limit is stated
rather than filled with speculation.

This study has clear limitations. First, it uses a single SST product. The global sanity
check gives confidence in the pipeline, but a stronger version of this analysis would repeat it
with an independent product to confirm that the Caspian rate and the no-acceleration result are
not specific to OISST; recent work shows that satellite-era SST trends can differ in
consequential ways across datasets [1]. Choosing that second product is not trivial for an
enclosed basin: two widely used open datasets were examined and found unsuitable here,
because a coarse open-ocean reconstruction does not resolve the basin well and a second gridded
product was found to carry only a repeating climatology over the Caspian rather than real year-
to-year values. A meaningful cross-validation therefore requires a product that genuinely
represents the enclosed sea, such as the ERAS reanalysis or a Copernicus Marine analysis, and
running it is the clearest next step. Second, the analysis covers the surface temperature only, not
heat content at depth, water level, or salinity, all of which matter for the Caspian. Third, the
observing network is sparser over an enclosed sea than over the open ocean, so the regional
values carry more uncertainty than a global average. Finally, the design is observational: it
characterizes the trend and its uncertainty but does not attribute the warming to a single driver,
and the result is specific to the Caspian and to 1982—-2022.

Conclusion. Using open satellite-era data and a transparent, pre-specified method, this
study finds that the Caspian Sea warmed at about +0.24 °C per decade over 19822022, roughly
2.2 times the global-ocean rate, a difference that is statistically significant. It also finds that this
rapid warming did not accelerate within the period and, if anything, eased in the second half.
The Caspian is therefore warming faster than the world ocean but not at an increasing rate. The
method is fully reproducible from open data and can be reapplied to other enclosed seas or
extended as longer records and additional SST products are brought in.
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KAZSWITCH: A CONTROLLED BENCHMARK FOR KAZAKH-RUSSIAN CODE-
SWITCHING IN MULTILINGUAL LANGUAGE MODELS

Abstract: Large language models are usually tested on clean, single-language text, but
hundreds of millions of bilingual speakers mix two languages inside a single sentence, a
behaviour called code-switching. In Kazakhstan, Kazakh and Russian are routinely combined
this way, yet almost no benchmark measures how well models handle Kazakh—Russian code-
switched input, so the size of any performance loss is unknown. This study introduces
KazSwitch, a controlled benchmark that isolates the effect of code-switching itself. Each test
item 1s written three ways with identical meaning and an identical correct answer: pure Kazakh,
pure Russian, and Kazakh—Russian code-switched. Because only the mixing changes across the
three versions, any drop in a model's accuracy on the code-switched version is attributable to
code-switching rather than to topic or difficulty. The pilot benchmark comprises 26 base items
in each of the three versions: 10 authored and verified by a native Kazakh—Russian bilingual,
and 16 derived from a published Kazakh—Russian code-switching corpus (reused verbatim
under CC BY-SA 4.0) by adding a factual numeric question whose answer is identical across
the three versions. A fixed panel of three open compact multilingual models (2—4B parameters:
gemma?2:2b, llama3.2:3b, qwen2.5:3b) was evaluated locally at temperature zero, and
performance was summarized by the Code-Switching Penalty (CSP), defined as monolingual
accuracy minus code-switched accuracy. Pooled across the three models with an item-clustered
bootstrap, the penalty is +0.167 (95% CI +0.045 to +0.295), a statistically significant drop of
about seventeen accuracy points caused by the mixing alone; errors were dominated by mis-
resolving the switched key term rather than by wrong-language or refusal responses. KazSwitch
1s released as an open, versioned dataset and reproducible code so that the comparison can be
rerun for free and extended to a larger, direction-balanced set and to other language pairs.

Keywords: code-switching, language models, Kazakh, Russian, benchmark, multilingual
NLP, evaluation

Introduction. Code-switching, the use of two languages inside a single conversation or
even a single sentence, is one of the most common ways bilingual people actually speak. It is
the everyday register for hundreds of millions of speakers across language pairs such as
Spanish—English, Hindi—English, and Arabic—French, and it is the norm rather than the
exception in much of the world. Large language models, however, are trained and evaluated
mostly on clean, single-language text. When their abilities are measured, the test sets are usually
monolingual, so a model can look strong on standard benchmarks while still struggling on the
mixed-language input that bilingual users produce naturally.

In Kazakhstan, Kazakh and Russian are mixed constantly, both in speech and in writing
online. This makes Kazakh—Russian a natural and important case for studying code-switching,
and it is under-served: while there are now Kazakh and Russian language resources, very little
exists that measures how models handle the two languages mixed together in a controlled way.
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The practical consequence is that no one can currently say how much accuracy a model loses
on Kazakh—Russian code-switched input, because there is no benchmark designed to measure
exactly that.

Existing code-switching benchmarks established the field but do not fill this gap. LinCE
assembled corpora for four language pairs across tasks such as language identification, named-
entity recognition, and sentiment analysis [1], and GLUECoS did the same for English-Hindi
and English—Spanish across a similar task suite [2]. More recent work targets large language
models directly: CodeMixBench evaluates code-mixing across eighteen languages and several
reasoning tasks [3], and other 2025 studies probe how well LLMs understand code-switched
text [4]. None of these covers Kazakh—Russian, and, more importantly, none isolates the effect
of switching with a controlled design in which the same item is presented monolingually and
code-switched.

For Kazakh—Russian specifically, the nearest existing resources address different
problems. A 2025 study released a Kazakh—Russian code-switching parallel corpus, but it is
built for machine translation and is evaluated with translation metrics rather than as a controlled
comprehension benchmark [5]. The Qorgau benchmark evaluates the safety of models in
Kazakh and Russian, including code-switched prompts, but its target is safety behaviour, not
general accuracy [6]. KazMMLU measures knowledge in Kazakh and Russian, but each item is
monolingual and the benchmark is not concerned with switching [7]. KazSwitch occupies the
slot none of these fills: a controlled benchmark that measures how much accuracy is lost
specifically because the input is code-switched.

The study asks two questions. First, how large is the Code-Switching Penalty — the drop
in accuracy from monolingual to code-switched input — across a small panel of open compact
multilingual models? Second, what are the most common, repeatable ways these models fail on
code-switched input? A third question of interest, whether the penalty depends on switch
direction, is defined but deferred, because the pilot item pool is almost entirely Kazakh-matrix
and cannot answer it. The contribution is twofold and stated precisely: a native Kazakh—Russian
bilingual author constructed the 10 native controlled triples and designed and ran the whole
evaluation, and the benchmark is then expanded with 16 further items derived from a published
Kazakh—Russian code-switching corpus (reused under licence and attributed, not presented as
native-authored) to give the pooled estimate more power. Together they yield the first controlled
measurement of this penalty for Kazakh—Russian, built so that the same protocol can be reused
for a larger, direction-balanced set and for any other language pair.

Materials and Methods.

Design: controlled minimal triples. The core of KazSwitch is that every test item exists
in three versions with identical meaning and an identical correct answer: pure Kazakh, pure
Russian, and Kazakh—Russian code-switched. Holding meaning, topic, and answer constant
across the three versions means that the only thing changing is the language mixing, so a
difference in a model's accuracy across versions can be attributed to code-switching itself and
not to a harder topic or a different question. This 1s the methodological backbone that makes
KazSwitch a controlled study rather than a leaderboard.

Task format. The task is short-answer comprehension: each item is a short passage and a
question with a single, unambiguous answer that is graded by normalized exact match (case-
and whitespace-insensitive, punctuation removed, with a small accepted-variants list per item).
A response is scored correct when the normalized gold answer (or an accepted variant) appears
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as a complete token in the normalized response; whole-token rather than raw-substring matching
is used so that a short gold answer such as "5" or "6ec" (five) is not spuriously credited inside a
longer wrong response such as "50" or "6eckoneunocts" (infinity). Automatic exact-match
grading is used because it removes grader subjectivity and makes the comparison across the
three versions clean.

Item construction. The code-switched material is real human usage, not synthesized;
generating the code-switched items with a language model was deliberately rejected, because
the test would then measure how models handle model-produced switching rather than genuine
human switching. The 26-item pilot is built from two honest sources, recorded per item. Ten
items were authored and native-verified by a Kazakh—Russian bilingual: for each, the author
wrote the three meaning-equivalent versions and a single short comprehension question with
one correct answer, and recorded the switch direction. The other sixteen items are derived from
an existing Kazakh—Russian code-switching corpus [5]: the three sentence versions (code-
switched original, pure Kazakh, pure Russian) are reused verbatim from that corpus, which was
produced by its own native annotators, under its CC BY-SA 4.0 licence, and the only thing
added is a factual numeric question whose single correct answer appears identically in all three
versions. These corpus-derived items are not presented as native-authored; they are attributed
to the source corpus, and because the answer is a number present identically in all three versions,
no language-specific judgement is required to confirm meaning-equivalence for them. The
dataset is fixed and versioned: 26 base items x 3 versions = 78 instances.

Models. A small, fixed panel of three open compact multilingual models is evaluated:
gemma?2:2b, llama3.2:3b, and qwen2.5:3b (2—4 billion parameters), run locally through an
OpenAl-compatible endpoint. The panel is deliberately limited to small open-weight models so
that the entire benchmark can be reproduced for free on consumer hardware, with no paid API
and no dependence on a closed model whose version may change; this is a reproducibility
choice, and it scopes the result to open compact models rather than to frontier systems. All
models are run at temperature zero for determinism, fixed versions are recorded, and every
prompt and raw response is released. No model is trained or fine-tuned for the task; the
evaluation is zero-shot. Each model is shown only the passage and the single question, never
the gold answer, the accepted variants, or the other-language versions of the item.

Primary metric and analysis. The headline metric is the Code-Switching Penalty (CSP),
monolingual accuracy minus code-switched accuracy, computed within item so that it is a paired
difference. Because the penalty for any single model is underpowered at a pilot of this size, the
primary estimate is the CSP pooled across all three models, with a 95% confidence interval from
an item-clustered bootstrap (items are resampled with all models retained, since the items are
the authored unit and the main source of sampling variation); per-model CSPs are reported only
as a secondary, descriptive breakdown with their own intervals and are not interpreted as a
ranking. The pooled penalty is tested against the null of zero, with significance read from
whether the bootstrap interval excludes zero.

Secondary analysis. Failure types are characterized with a coding scheme defined in
advance (answered in the wrong language, copied a fragment instead of answering, mis-resolved
a switched key term or otherwise wrong, or refused), applied to the incorrect code-switched
responses, and the distribution is reported. Direction asymmetry was specified as a question of
interest but is not tested in this pilot: the item pool is almost entirely Kazakh-matrix (25 of 26
items), so any Russian-matrix estimate would rest on a single item and would be noise. No
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directional claim is made; a direction-balanced version is required to answer that question and
is left to future work.

Analysis validity pre-flight. Before any model was run, three checks were fixed: the three
versions of each item must share a single correct answer, so the comparison is valid (for the
native-authored items this is confirmed by the bilingual author; for the corpus-derived items the
answer 1s a number present identically in all three verbatim versions); accuracy must be
compared within items (paired), not across independent samples; and the failure-type scheme
must be defined in advance so that the taxonomy is not fitted to the outputs after the fact. The
full protocol, including the metric and the failure-type scheme, was written before generating
any results.

Ethics and disclosure. The benchmark is built from public, non-sensitive text and involves
no personal or sensitive data. The code-switched sentences used in the corpus-derived items are
reused verbatim from a published Kazakh—Russian code-switching corpus [5], cited and used
under its CC BY-SA 4.0 licence; the native-authored items were written for this study. Al
assistance is disclosed: language models were used to help draft manuscript prose, checked by
the author, but the code-switched items — the measured variable — are real human usage and
were not model-generated. The released dataset and code allow the evaluation to be reproduced
independently on consumer hardware.

Reproducibility. The benchmark and evaluation are released so the result can be rerun for
free without any paid service. The released material is: the item set with per-item provenance
(each item tagged as native-authored or corpus-derived, with its source row), the complete set
of 234 raw model responses, the evaluation script that computes accuracy and the item-clustered
penalty, and the offline robustness script that reproduces the subtype and grading checks
deterministically. Because the panel is open-weight and run locally at temperature zero, an
independent reader can regenerate every number in this paper on consumer hardware.

Results. This section reports the output of the locked protocol above. Every value is
computed from the run's 234 raw model responses, which are released in full; none is estimated.

Benchmark composition. The pilot benchmark comprises 26 base items, each in three
versions (pure Kazakh, pure Russian, and Kazakh—Russian code-switched), for 78 instances per
model and 234 model responses in total across the three models. Of the 26 items, 10 were
authored and native-verified by a Kazakh—Russian bilingual and 16 were derived from an
existing Kazakh—Russian code-switching corpus [5] by attaching a factual numeric question
whose single answer appears identically in all three versions (the three sentence versions are
reused verbatim from that corpus under its CC BY-SA 4.0 licence). Because the corpus from
which the code-switched originals are drawn is predominantly Kazakh-matrix, the item pool is
heavily skewed by switch direction (25 Kazakh-matrix, 1 Russian-matrix); this is a known
limitation and is why no direction-asymmetry result is reported (see Limitations).

Code-Switching Penalty by model. Across the three open compact models, monolingual
accuracy ranged from 0.635 to 0.827 and code-switched accuracy from 0.462 to 0.654, so every
model was less accurate on the code-switched version of the same items than on the monolingual
versions (Table 1). The pooled Code-Switching Penalty, estimated across all three models with
an item-clustered bootstrap, 1s +0.167 (95% CI +0.045 to +0.295); because the interval excludes
zero, the penalty is statistically significant. This is the study's headline result: on this controlled
comparison, current open compact (2—4B) multilingual models lose on the order of seventeen
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accuracy points specifically because the input mixes Kazakh and Russian rather than being in a
single language.

Per-model penalties are reported as a secondary, descriptive breakdown and are
individually underpowered at this pilot size; they should not be read as a ranking. llama3.2:3b
showed the largest penalty (+0.231, 95% CI +0.019 to +0.423) and qwen2.5:3b a comparable
one (+0.173, 95% CI +0.019 to +0.346), each with an interval excluding zero; gemma2:2b
showed a smaller penalty (+0.096, 95% CI —0.058 to +0.250) whose interval includes zero, so
for that single model the penalty is not distinguishable from zero at this N. The pooled estimate,
not any single model, carries the claim.

Table 1 — Accuracy on monolingual versus Kazakh—Russian code-switched items,
and the resulting Code-Switching Penalty, per model and pooled. The pooled penalty is
the headline estimate; per-model rows are descriptive and underpowered at this pilot size.

Model Monolingual Code- CSP (penalty) | 95% CI
accuracy switched
accuracy
gemma?2:2b 0.635 0.538 +0.096 —0.058 to
+0.250
llama3.2:3b 0.692 0.462 +0.231 +0.019 to
+0.423
gwen2.5:3b 0.827 0.654 +0.173 +0.019 to
+0.346
Pooled (all — — +0.167 +0.045 to
models, item- +0.295
clustered)

Code-Switching Penalty by model (95% CI), with pooled estimate

+0.5 q
+0.231*

+0.173*
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+0.3
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+0.2 4
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* CI excludes 0 (significant). N=26 items % 3 open compact models (2-4B). Item-clustered bootstrap.

Figure 1 — Code-Switching Penalty by model and pooled, with 95% confidence
intervals (item-clustered bootstrap). Bars whose interval excludes zero are statistically
significant; the pooled estimate carries the claim.
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Robustness 1: the penalty does not depend on the item source. Because the benchmark
mixes 10 native-authored items with 16 corpus-derived items, the pooled penalty was
recomputed separately within each source (Table 3). The penalty is positive in both — native
items +0.233 (95% CI —0.017 to +0.450) and corpus-derived items +0.125 (95% CI —0.010 to
+0.281) — so the direction of the effect is the same regardless of who wrote the item. Each
subset, at 10 and 16 items, is individually underpowered and its interval includes zero;
significance is reached only when the two are pooled, which is the expected pattern for a pilot
at this size. The point is that the pooled result is not an artifact of one item source: both halves
push the same way.

Table 3 — Code-Switching Penalty by item source. The effect is positive in both
subsets; significance is reached only when pooled, as expected at this pilot size.

Item source Items CSp 95% CI Significant

Native 10 +0.233 —0.017 to no
(Ramazan- +0.450
authored)

Corpus- 16 +0.125 —0.010 to no
derived (KRCS) +0.281

All (pooled) 26 +0.167 +0.045 to yes

+0.295

Robustness 2: the conclusion does not depend on grading strictness. The headline uses
strict, pre-specified exact-match grading. To test whether that strictness manufactured the result,
every response was re-graded under a deliberately over-generous numeric rule that credits any
answer containing the gold digit-string, even when the answer is genuinely wrong (this lenient
rule wrongly accepts, for example, "300,000" for a gold answer of 300, "5*5 = 25" for 5, and a
Chinese-script "5 /7" hallucination for 5). Even under that over-credit, the pooled penalty is
+0.160 (95% CI +0.045 to +0.276) and remains significant. The penalty therefore survives the
most generous grading one could justify, so it is not an artifact of strict matching. The opposite
bias is the one that matters here: strict exact-match slightly *over*-states the penalty, because it
fails to credit correct code-switched answers in which the number carries a Kazakh case suffix
(for example "5000Tr", "1001", "15-u"); the true penalty therefore sits at the lower, still-
significant end of the reported range. A suffix-aware numeric matcher is left as future work.

Failure taxonomy. Among incorrect code-switched responses, errors were classified with
the pre-defined coding scheme. The great majority were cases where the model mis-resolved a
switched key term or produced an otherwise wrong answer (0.83 of code-switched errors), and
the remainder were cases where the model copied a fragment of the passage instead of answering
the question (0.17); no errors in this pilot fell into the wrong-language or refusal categories
(Table 2). The dominant failure mode is therefore comprehension breakdown at the switch, not
a refusal or a language-selection error.

Table 2 — Distribution of failure types on incorrect code-switched items.

Failure type Share of code-switched errors
Mis-resolved a switched key term / other 0.83
wrong answer
Copied a fragment instead of answering 0.17
Answered in the wrong language 0.00
Refusal / no answer 0.00
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Discussion. The central question was how large the Code-Switching Penalty is. The
controlled comparison gives a clear answer for the models tested: pooled across the three open
compact models, accuracy drops by about seventeen points (pooled CSP +0.167, 95% CI +0.045
to +0.295) when the same item is presented code-switched rather than in a single language.
Because meaning, topic, and the correct answer are held constant across the three versions of
each item, this drop is attributable to the language mixing itself and not to a harder question.
The result puts a first measured number on a gap that, for Kazakh—Russian, could previously
only be assumed.

The size of the effect should be read with the pilot's scope in mind. The claim rests on the
pooled estimate; the per-model penalties are descriptive and individually underpowered, and
one of the three models (gemma2:2b) had a penalty whose interval includes zero. The honest
reading is therefore that a meaningful penalty is present in this class of model on average, not
that any particular model's penalty has been pinned down. What makes the pooled penalty
credible despite the small item count is the consistency of the direction across all three models:
every model was less accurate on the mixed version. The two robustness checks reinforce this.
Splitting by item source, the penalty is positive in both the native and the corpus-derived halves,
so it 1s not produced by one part of the benchmark; and re-grading under a deliberately over-
generous numeric rule leaves the pooled penalty significant, so it does not depend on strict
matching. There is also visible heterogeneity between models that should not be over-read at
this size: qwen2.5:3b, for instance, shows a large penalty on the native items but close to none
on the corpus-derived ones. With ten and sixteen items per subset this is reported as a descriptive
observation, not a finding, and it is one of the things a larger benchmark would resolve.

The failure taxonomy makes the score actionable. The errors did not concentrate in
answering in the wrong language or in refusals; instead the dominant pattern (0.83 of code-
switched errors) was mis-resolving the switched key term or otherwise producing a wrong
answer, with a minority copying a passage fragment instead of answering (0.17). This points to
comprehension breakdown at the switch as the mechanism, rather than a language-selection or
safety-style failure, and it gives future work a concrete target: the models can read each
language, but lose the thread when the answer-bearing material sits across a switch. Because the
taxonomy was defined before the outputs were read, this distribution reflects the data rather than
a post-hoc story.

The main limitations are size, item composition, and model scope. This is a 26-item pilot,
so the absolute penalty is an estimate with a wide interval and the per-model figures are not a
ranking. The item pool is strongly skewed by switch direction (25 Kazakh-matrix, 1 Russian-
matrix), because the code-switched originals were drawn from a predominantly Kazakh-matrix
corpus; for that reason this study makes no claim about direction asymmetry, and testing
whether the penalty depends on switch direction is left to a future, direction-balanced version.
The evaluated panel is deliberately limited to open compact (2—4B) multilingual models, chosen
so the benchmark can be reproduced for free on consumer hardware; the penalty reported is
therefore a statement about small open models and should not be extrapolated to frontier
systems, which were not tested. The benchmark mixes 10 native-authored items with 16 corpus-
derived numeric items, and it measures zero-shot behaviour of a fixed model set at one point in
time; results may shift as models change. One grading limitation is disclosed because it cuts
against the headline rather than for it: the strict exact-match normaliser does not credit a numeric
answer fused to a trailing Kazakh case suffix (such as "5000Tr" or "1001"), so it under-counts
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some correct code-switched answers and therefore slightly inflates the measured penalty; the
robustness re-grade shows the effect survives this, but a suffix-aware numeric matcher would
tighten the estimate and is listed as future work. These limits are the cost of a controlled,
reproducible pilot, and they are stated so the contribution is not overclaimed. The construction
protocol transfers directly to a larger, direction-balanced set and to other language pairs, which
1s the main way the work can grow.

Conclusion. KazSwitch is a controlled benchmark that isolates and measures the
accuracy cost of Kazakh—Russian code-switching for language models, using minimal triples in
which only the mixing changes across the three versions of each item. In this pilot, three open
compact multilingual models lost about seventeen accuracy points on code-switched input
relative to the same items in a single language (pooled CSP +0.167, 95% CI +0.045 to +0.295),
and their errors were dominated by mis-resolving the switched key term rather than by language-
selection or refusal failures. The dataset and code are released openly so the measurement can
be reproduced on consumer hardware, and the same protocol can be applied to a larger,
direction-balanced set and to any other code-switched language pair.
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PAY FOR NOTHING? CEO PAY, PAY STRUCTURE, AND THE MECHANICAL
ILLUSION OF ALIGNMENT IN LARGE U.S. FIRMS

Abstract: A common belief in corporate governance is that paying chief executives more,
and paying them in equity rather than salary, makes companies perform better. This study tests
both claims on a recent, regulator-standardized dataset: the Pay-versus-Performance disclosures
that U.S. public companies have been required to file since fiscal year 2022. Using a single
cross-section of 871 large firms from fiscal year 2023, drawn directly from the U.S. Securities
and Exchange Commission's structured filings, I asked whether the amount a CEO is paid
predicts company performance, and whether the structure of pay (equity-heavy versus salary-
heavy) predicts it better than the amount. Higher CEO pay had only a weak link to raw
shareholder return (it explained about 2% of the variation) and no significant link to peer-
adjusted return or to return on equity. Pay structure, measured at the grant date, was unrelated
to all three performance measures, and adding structure to a model that already contained pay
amount did not improve it. The one place a strong "alignment" signal appeared was when
structure was measured with Compensation Actually Paid, a figure that is recalculated each year
using the company's own stock return. That measure correlated with return at +0.41, but the
correlation is largely mechanical, because the number rises precisely when the stock rises. When
structure was instead measured from board-set, grant-date pay, the apparent alignment
disappeared. The headline finding is therefore methodological: a widely cited form of pay-for-
performance alignment is, on recent data, mostly an artifact of how the metric is built. Because
the design is a single cross-section, the results describe association rather than cause.

Keywords: executive compensation, CEO pay, firm performance, pay-for-performance,
total shareholder return, endogeneity, SEC Pay-versus-Performance

Introduction. Few questions in corporate governance are argued about as often as
whether chief executive officers are paid for performance. Boards, investors, and the public tend
to assume two things: that better-paid CEOs run better companies, and that tying a CEO's pay
to the stock price, through equity awards rather than fixed salary, aligns the CEO's incentives
with shareholders and lifts performance. Both assumptions underpin decades of compensation
design and a large body of regulation aimed at making executive pay more transparent.

The academic evidence is far less settled. A foundational study found that the link
between CEO wealth and shareholder wealth was real but small [1], and a later meta-analysis
of many CEO-pay studies concluded that firm performance accounts for only a tiny share of the
variation in how much CEOs are paid [2]. Reviews of the field describe the pay-for-performance
relationship as weak, contested, and sensitive to how performance and pay are measured [3, 4].
An influential critique argued that much of executive pay reflects managerial power and weak
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board oversight rather than a clean incentive contract [5]. In short, the popular story is much
tidier than the data behind it.

Two practical problems have made the question hard to study at the level a student
researcher can reach. First, CEO-pay data has traditionally been scattered across long proxy
statements, so most small studies hand-collect a few dozen firms, which limits what they can
detect. Second, and more importantly, the most convenient measure of "equity pay" is partly
circular. The cleanest way to see this is through a regulatory change. Since fiscal year 2022, the
SEC has required large public companies to file a standardized Pay-versus-Performance table
that reports, in machine-readable form, both the CEO's grant-date total compensation and a
recalculated figure called Compensation Actually Paid (CAP), alongside the company's total
shareholder return and the return of a chosen peer group [6]. CAP re-values the CEO's
outstanding equity every year using the company's own stock performance. That makes CAP a
natural-looking measure of "equity exposure," but it also means that any correlation between
CAP-based pay and stock return is inflated by construction: the number goes up because the
stock went up.

This study uses that same standardized disclosure to ask two questions cleanly. First (the
amount question): among large U.S. public companies, does higher CEO total compensation
predict stronger company performance? Second (the structure question, which is the
contribution of this paper): does the structure of pay, equity-heavy versus salary-heavy, predict
performance better than the amount, once structure is measured in a way that is not mechanically
tied to the outcome? To answer the second question honestly, I separate two ways of measuring
pay structure: a board-set, grant-date measure that is fixed before the year's return is known, and
the CAP-based measure that is recalculated from that return. Comparing the two is what turns a
familiar correlational exercise into a test of whether the much-cited alignment signal is real or
an artifact.

Materials and Methods. Data source. All data came from the U.S. Securities and
Exchange Commission's EDGAR system through its XBRL frames application programming
interface, which returns structured values that companies report in their filings. This is free,
public-domain U.S. government data and requires no login. I used a single fiscal year, 2023.
Executive-pay variables came from the Pay-versus-Performance disclosure (the ecd taxonomy):
CEO grant-date total compensation, CEO Compensation Actually Paid, company total
shareholder return, and peer-group total shareholder return. Company financial variables (net
income, stockholders' equity, total assets, and revenue) came from the standard us-gaap
taxonomy for the same firms. The pay and performance fields were merged on the company
identifier, giving roughly 909 firms before cleaning.

Variables. Pay amount was the CEQO's grant-date total compensation, used in logarithm
because pay is highly skewed. Pay structure was measured two ways, deliberately kept separate.
The primary, clean measure was equity share at the grant date: the fraction of total pay made up
of stock and option awards, hand-parsed from the Summary Compensation Table of each firm's
proxy statement for a random subsample of firms. Grant-date values are set by the board before
the year's stock return is known, so they are not mechanically tied to that return. The secondary
measure was an equity-sensitivity figure derived from Compensation Actually Paid, which
captures equity exposure across the whole sample but is recalculated from the year's return and
is therefore partly mechanical. Company performance was measured three ways to avoid relying
on any single metric: total shareholder return (a market measure, the primary outcome), peer-
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adjusted return (company return minus peer-group return, an abnormal-performance measure),
and return on equity (an accounting measure). Firm size, used as a control, was measured by
log assets and log revenue.

Cleaning. Cleaning rules were fixed in advance from the data's distribution, not from the
results. Implausible filings driven by tagging errors were removed: total pay at or below zero or
above $100 million, and total-shareholder-return index values below 5 or above 1000 (the
disclosure uses a $100 base, so legitimate values fall in roughly the $10 to $1000 range over
one to four years). Return on equity and the equity-sensitivity measure were winsorized at the
Ist and 99th percentiles for the regressions, and results are reported both with and without
winsorizing. The cleaned full sample was 871 firms.

Analysis. The analysis plan, including the central comparison between the clean and
mechanical structure measures, was written down before the confirmatory results were
examined. For the amount question, each performance measure was regressed on log CEO pay
with size controls, reporting the coefficient, its 95% confidence interval, the share of variance
explained, and a rank correlation. For the structure question, performance was correlated with
the grant-date equity share in the subsample; the top and bottom equity-share quartiles were
compared on performance; and a nested-model test asked whether adding structure to a model
that already contained pay amount raised the adjusted variance explained. Rank (Spearman)
correlations were treated as primary because pay and performance are skewed, and
heteroskedasticity-robust standard errors were used throughout.

Ethics. The study used only public-domain corporate regulatory filings. There were no
human subjects and no personal or sensitive data. The computational tools used in the analysis
are disclosed in line with venue policy.

Results.

Sample. After cleaning, the full cross-section contained 871 large U.S. public firms for
fiscal year 2023, with a median CEO total pay of about $4.3 million, consistent with known
figures for large-firm CEO pay. The grant-date structure subsample contained 148 firms whose
equity share could be parsed from the Summary Compensation Table and validated against the
structured total to the dollar.

The amount of pay barely tracks performance. Higher CEO pay had a weak, positive
association with raw total shareholder return (regression coefficient on log pay 5.50, p = 0.022;
rank correlation 0.18, p < 0.001), but it explained only about 2% of the variation in return (R-
squared 0.018). The association vanished on the measures that matter most for judging real
performance: pay had no significant link to peer-adjusted return (p = 0.22) or to return on equity
(p = 0.27). In other words, better-paid CEOs were associated with slightly higher raw market
returns, but not with beating their peers or with stronger accounting profitability (Figure 1).
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Q1: CEO pay AMOUNT vs performance (h=871)
Spearman r=+0.18
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Figure 1. CEO total pay (log scale) against company total shareholder return for the
871-firm cross-section, with the fitted regression line. The relationship is positive but weak,
explaining about 2% of the variation.

Pay structure does not beat pay amount. Using the clean, grant-date measure of equity
share, pay structure was unrelated to performance on all three measures: the rank correlation
with total shareholder return was -0.08 (p = 0.31), with peer-adjusted return -0.06 (p = 0.54),
and with return on equity +0.04 (p = 0.64). A nested-model test made the point directly: adding
structure to a model that already contained pay amount changed the adjusted variance explained
by less than 0.001 (from 0.041 to 0.041), and the structure coefficient was not significant (p =
0.28). Comparing the extremes told the same story. Salary-heavy CEOs (the bottom equity-
share quartile, n = 37) had a median total shareholder return of 98, while equity-heavy CEOs
(the top quartile, n = 37) had a median of 79; the difference was not significant (Mann-Whitney
p = 0.36) and ran in the opposite direction to the popular prediction (Figure 2).

Q2: pay STRUCTURE vs performance
Mann-Whitney p=0.36 (not significant)
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Figure 2. Median company total shareholder return for salary-heavy versus equity-
heavy CEOs (bottom versus top grant-date equity-share quartile). The equity-heavy group did
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not outperform; the small difference favors the salary-heavy group and is not statistically
significant.

The "alignment" signal is mechanical. The one place a strong relationship appeared was
when pay structure was measured with Compensation Actually Paid. That CAP-based equity-
sensitivity measure correlated with total shareholder return at +0.41, the kind of number often
cited as evidence that equity pay aligns executives with shareholders. But the clean, grant-date
measure of the same underlying idea correlated at -0.08 on the same firms. The gap between the
two is the result of this paper. Because CAP re-values the CEO's equity using the very return
being predicted, the apparent alignment is largely built into the formula rather than discovered

in the data. When pay structure is measured before the return is known, the alignment disappears
(Figure 3).

The equity-pay-performance link is mechanical:
it vanishes under an exogenous measure
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Figure 3. The correlation between pay structure and total shareholder return under two
measures of structure: the CAP-based measure (+0.41), which is recalculated from the year's
stock return, and the board-set grant-date measure (-0.08), which is fixed before the return is

known. The alignment signal is present only in the mechanically linked measure.

Discussion. On recent, regulator-standardized data covering 871 large U.S. firms, neither
popular belief about CEO pay held up. The amount a CEO was paid explained at most about
2% of company performance and had no link at all to peer-adjusted or accounting performance.
The structure of pay, measured cleanly at the grant date, was unrelated to performance and
added nothing to a model that already knew the amount. These results sit comfortably with a
long line of research finding the pay-for-performance link to be weak [1, 2, 3, 4], and they
extend it to the new Pay-versus-Performance disclosure that was meant, in part, to make the link
easier to see.

The contribution of this study is the comparison that produced the third result. A measure
of pay structure based on Compensation Actually Paid correlated strongly with shareholder
return, while a board-set, grant-date measure of the same concept on the same firms did not.
The most likely explanation is mechanical: CAP is recalculated each year from the company's
own stock return, so any analysis that relates CAP-based pay to that return is partly circular.
This matters because CAP is a new, prominent, and convenient figure, and it would be easy for
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a student, a journalist, or even a board to read its correlation with returns as evidence that equity
pay works. The same comparison that exposes the problem also points to the fix: structure
should be measured before the outcome is realized, using grant-date values, if the goal is to
learn whether pay design predicts performance rather than reflects it.

There are clear limitations. The study is a single cross-section of one fiscal year, so it can
describe association but cannot establish cause, and reverse causation is entirely plausible:
strong recent performance can raise both pay and the value of equity awards. The grant-date
structure analysis rests on a 148-firm subsample, which is smaller than the full sample and skews
slightly toward firms whose proxy tables were easier to parse (median pay $3.8 million versus
$4.3 million in the full sample); the direction of the amount result holds within the subsample,
but a null on 148 firms cannot rule out a small structure effect that a larger or within-firm design
might detect. The findings cover large U.S. filers in fiscal year 2023 and may not generalize to
smaller firms, other countries, or other years. Finally, performance was measured over a short
horizon, and incentive effects of pay design may take longer to appear.

Several extensions would strengthen the work if a reviewer asked for them: adding sector
fixed effects, breaking pay into salary, bonus, and equity components, and using a two-year
change design that follows the same firms over time, which would begin to separate association
from cause.

Conclusion. Using the SEC's standardized Pay-versus-Performance data for 871 large
U.S. firms, this study found that how much a CEO is paid explains very little of company
performance, and that how a CEO is paid, equity-heavy versus salary-heavy, does not predict
performance once it is measured before the year's return is known. The strong "alignment"
between equity pay and performance that appears in the data is largely an artifact of a metric,
Compensation Actually Paid, that is recalculated from the return it is supposed to predict. The
practical lesson is simple and useful: claims that pay design aligns executives with shareholders
should be tested with pay measured at the grant date, not with figures that move with the
outcome. Whether a genuine, causal alignment effect exists is a question for longitudinal data,
not a single cross-section.

Data and code availability. All data are public-domain U.S. SEC EDGAR filings. The
analysis scripts (fetch frames.py, clean and describe.py, parse sct.py, analyze.py), the cleaned
dataset, and the result files needed to reproduce every number and figure in this paper are
provided in the replication package.

Al and tools disclosure. Data retrieval, cleaning, statistical analysis, and figure
generation used Python (pandas, SciPy, statsmodels, matplotlib). Computational assistance was
used under the author's direction; all reported numbers trace to the analysis scripts and
underlying SEC data.
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Hcxaxos INaabimaxan KosipacOekyJibl

3aBeAyIOMIMI KOMIUIEKCHOW phIO0X035CTBEHHOM J1ab0opaTopueit
TOO «Hay4yHO-npOM3BOICTBEHHBIN LEHTP PHIOHOIO XO35HUCTBA»
Apainbckuii punuan,

(r. Ke3putiopaa, Kazaxcran)

COBPEMEHHBIN COCTAB UXTUO®PAYHBI MAJIOT'O APAJIBCKOI'O MOPSI

AHHOTaumMsi: B craTtbe mnpeacTaBiIeHBI pPE3yIbTaThl HCCIEAOBAHUSI COBPEMEHHOTO
coctaBa uxtTuodaynsl Manoro Apaibckoro mops. [[poBen€HHBIN BeCeHHEe-TeTHUI MOHUTOPUHT
2025 roma oxBaThIBad IIE€CTh OWOTONOB AaKBATOPUHM BOJOEMA C HCIIOJIIB30BAaHUEM CceTel
Pa3IMYHBIX TUIOB JJIsi OTJIOBA MPOMBICIOBBIX M HEMPOMBICIOBBIX BUIOB PbIO. Y CTaHOBJICHO,
YTO BUJIOBOM cocTaB uxtrodayHnsl Manoro Apasna HacUMThIBaeT 28 BUIOB, OTHOCSIIMXCS K 10
ceMeMcTBaM, MPU TOM JI0JIs1 a0OPUTeHHBIX BUAOB cocTaBiseT 60,7 %, ayxepoaHbix — 28,6 %,
a ueneBbIx BeeseHNEB — 10,7 %. OCHOBHYIO 4acTh MOIYJISIIIUKA COCTABJISAIOT KapIroBbie. Biausinue
ctpoutenbcTBa KokapaibCkoil TUIOTHHBI M CTAOMIIM3AIUS BOJHOTO PEKHUMA CIIOCOOCTBOBAIH
BOCCTAHOBJICHUIO OMOpPa3HOOOpa3us, PacCHIMPEHUI0 HEPECTOBBIX M HATyJbHBIX YYacTKOB, a
TaKKe YCICIIHOW aJanTaluy psjia Yy>KepOJHBIX M I1IeJeBbIX BUAOB pbi0. MccnemoBaHus
IPOBOJMINCH NPH NMoAAepxKKe MUHHCTEPCTBOM celbCKoro xo3sicra Pecyonuku Kazaxcran
(I'pant Ne BR10264236).

KawueBbie ciaoBa: wuxtuodayHa, Mamoe Apanbckoe Mope, OunopasHooOpasue,
a0OpUTEHHbIC U YYKEPOHBIE BU/IbI, AKKJIMMATU3AIUs, PhIO0X035iCTBEHHOE 3HAUCHUE.

Beenenue. lxtnodayna Manoro ApanbCKOro Mopsi NpPEACTaBI€HA PA3THMYHBIMU
AKOJIOTMYECKUMHU TpyNIaMy MOMYJISIIUU PhIO TaKUX KaK IBPUTATMHHBIE U MTPEeCHOBOAHBIE. [0
Jerpasanuu ApalibCKOTO MOPS U 10 CEeHl IEHb BOAOEM UMEET COJIOHOBATHIE U MPECHBIE YUACTKH,
KOTOpbIE TIO3BOJISIIOT O0OMM Tpymnmam OOWTaTh, CO3/JaBasi OJaronmpusiTHbIC YCJIOBHS.
N3navansHo uxtrodayHa ApaiabCKOro MOps Obljla CPaBHUTEIHHO HEOOTaTol: B €ro Bojax
oburasno Bcero okoJio 20 BUIOB pbIO, MpUHAJISKANX K 7 ceMelicTBam. M3 HUX TPOMBICIIOBOE
3HayeHue umenu 10—12 BugoB, NpenMyIieCTBEHHO KPYITHbIE U IEHHBIE C KOMMEPYECKOW TOUKHU
3peHust phIObI, TAKUE KaK apajdbCKUM ycad, JIell, ca3aH, KepeX, II0TBa, IyKa, COM, CyJlaK H
HEKOTOpBIE Apyrue. OTU BUALI cocTaBasuim oT 80 mo 85 % ot olmero oO0wéMa BbUIOBa. B
MOCJEAYIOUIUE TOABI, B YacCTHOCTH B 1950—-1960-x romax, B pe3yiapTare MHTPOAYKLIHUHA HOBBIX
BUJIOB PHIO, UX BUAOBOE pa3HOOOpa3ue yBenuumioch 10 30 BuaoB. CyliecTBeHHOE 00oraleHue
uxTHO(ayHbI CTAJI0 BO3MOXKHBIM OJIarofapsi akKJIMMaTU3alIMOHHBIM MEPOTIPUITHSIM, HAYaThIM
emi€ B 1927-1929 ronax ¢ 1nenpo yBEIUUYEHHS TPOMBICIIOBBIX pecypcoB [1].

[lo3nHee OCHOBHOE BHUMAHHE CTaJlO YICIAThCS (POPMHUPOBAHUIO YCTOWYMBOM K
COJIOHOBaTOM Bojie uxTHO(hayHbl. Bcero B Apanbckoe Mope OblII0 HHTPOAYLUPOBAHO 18 BUIOB
pBIO, OTHOCSIUXCS K 8 cemeiictBaM. U3 Hux 17 BumoB, uiu 95 %, ObUTH HOBBIMU TSI JAHHOU
AKOCUCTEMBI; HCKITIOYEHUE COCTABUII TOJIHKO IIIHIT - PaHEe OOMTABIINI 371€Ch BU]I.
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B nepuoa ¢ 1954 no 1956 roasl mpu HEY1Ta4YHOM MOMBITKE aKKJIMMAaTU3HPOBATh B Apaie
kedaneit cuaruis (Chelon auratus) n octporoca (Chelon saliens) B BOTOEM CiTydaitHO MOTIATH
6 BUI0B OBIUKOB: OBIYOK-0yOBIph, KACTIMMCKUI OBIYOK-TIECOUHUK, OBIYOK-TIBICYH, KACTUNCKUI
OBIYOK-KPYTJIISK, OBIYOK-T0JIOBaY U OBIYOK-mmupMaH [1]. Bece 3T BUABI SBASIOTCS TUMUYHBIMA
Mopckumu TipencrasutenssMu [lonro-Kacnuiickoro dayHuctuueckoro komiuiekca. Kpome
TOTO, 3aHOC ATUX BUJIOB MOT IIPOU30UTHU MPHU NMEPEBO3KE JIMYUHOK SIPOBOTO IIMIA U3 ACIBTHI P.
JKaiibik B 1958 rony u ceptoru B 1948—1963 ronax [2]. Cnenyet oTMeTUTH, uTO B 1980—1990-
X Tojax, Korja BOJOEM YTpaTHil CBOE PHIOOXO3SIMCTBEHHOE 3HAUYEHHE aTepuHa, OBIYKU U
Kam0alia OCTaBaIUCh €IMHCTBEHHBIMU MPEACTABUTEISIMU UXTHOGAYHBI APaIbCKOrO MOPSL.

N3 neBsitu BUIOB pPBIO, IUIAHOBO BCEJIEHHBIX B ApalbCKOE MOpE, YCHEIIHO
AKKJIMMATH3UPOBAINCHh JIMITL 1Ba - Oantwiickas camaka (Clupea harengus membras) m
kambana-rnocca (Platichthys flesus). B To ke Bpems Bce I€BATh BUJOB, CIIy4ailHO 3aBE3EHHBIX
B cepenune 1950-x rogoB BMecTe ¢ mepeBo3kod kedanmu u3 roro-soctounoro Kacmws,
IPYKWINCH. BONBIIMHCTBO ATUX BUJIOB OTIUYAIUCH BHICOKOM 3KOJIOTHYECKON MITACTHYHOCTHIO
U HEMPUXOTIUBOCTBIO, OJlarojaps 4yemMy OBICTPO JOCTUIIA 3HAYHUTEIbHON YHCIEHHOCTH.
OpnHako ¢ pocToM con€HOCTH BOAbI B 1970-X rogax Ha4asoch BRIMUPaHUE KOPEHHBIX BHUJIOB
pbi0. K 1981 roay npombIciioBblil 0B B Apase OblI HOJHOCTBIO TpekpamiéH. B Teuenne 1980-
X TOJIOB B pe3yjbTaTe BBICOKOW MHUHEpAIM3allMd HCYE3THM BCE aOOpPUTEHHBIE BHUJABI U
OOJBIIMHCTBO UHTPOAYLIUPOBAHHBIX.

K 1990 roay B bosbiioMm ApaibCkoM MOpE COXPaHWIOCH JIUIIb MSATh BUAOB PhIO, Cpeau
KOTOpbIX - Oantuiickast canaka (Clupea harengus), xambana-riocca (Platichthys flesus) n
Kacnuiickas atepuHka (Atherina caspia). B 3TOoT mepuoj pamvoH KamOanbl BKJIIOYAI B
OCHOBHOM KpEBETOK, KpaOOB, NOJMUXET pojaa Nereis, MOJUTIOCKOB U OBIUKOB. YK€ K Hayaiy
2000-x rog0B OCHOBHBIM KOPMOBBIM pecypcoM st He€ crania apteMust (Artemia salina). I1o
coctogauio Ha 2002 rog B Apasne (bosbiioe) ocTaBamuch TOJBKO JBa BUJA PbIO - aTepuHa U
kamOana. HaOmromeHnue woJjiogu arepuHKd B 3amagHoM OacceiiHe B TOM Ke€ TOAdy
CBUJIETEIBCTBOBAJIO O €€ pa3MHOXeHUU. OTHAKO B MOCIEAYIOIINE TO/IbI MOMYJISILUS ATEPUHKH,
BEPOSITHO, HE MEPEKUBaIa CypPOBBIX 3UM, YTO MOJITBEPKAACTCS HAX0AKaMU €€ MEPTBBIX 0COOEH
Ha TNOOEpeXbe B XOJIOAHBIM MEPUON, a TAaKXKEe TEeM, YTO JaHHBIM BHI (DUKCUPOBAJICA B
y30€KHUCTaHCKON yacTu bosbiioro Apana mpeMMylIeCTBEHHO BO BTOpPOHM MOJIOBHMHE Troja.
[Ipeamonaraercsi, yTo MOMyJsUs aTepuHKH B bombiom Aparne BO300OHOBISIACH 3a CYET
BeCeHHMX wmurpanuii u3 Manoro Apama. B 2002 romy mEpTBbie 0cOOM KamOasibl ObLIH
oOHapyxeHbl B paiione JKunmenu bynak. Kambana Taxke oTMmedanach JIpyrUMH
UCCJIENOBATENSIMA B TOM K€ TONYy, OJHAKO B mocieayromue roasl - ¢ 2003 mo 2005 - eé
NPUCYTCTBHE B BOAOEME 3adukcupoBaHO He ObuT10. OuUeBHIIHO, B HACTOSIIEE BpeMs pbida
oTcyTcTBYeT B bonbiom Apane [3].

CoBpeMeHHbIN cocTaB uxTHO(ayHbl Manoro ApanbCKOro Mopsi TECHO CBsI3aH C .
Ceipaapssi. Hanpumep, okoso 16 qy>kepoaHbIX BUOB phIO Mmomnanu u B 6acceitH p. Ceipaapbs
(6e3 Mopst) B Tipeienax pecimyOIMKy, HO 3716Ch UX 0Ka3aJ0Ch BBOE MEHbIIIE, YeM a0OpPUTEHHBIX
BUJI0B (33), 4TO HE MO3BOJUJIO OOJIBIIMHCTBY MHTPOYIIEHTOB B3PHIBOOOPA3HO HapalluBaTh
CBOIO YMCJICHHOCTb, KaK B Ipyrux OacceitHax [4]. Tak, Menaka, ram0y3us, 3JIe0TPUC, KUTaHCKUI
OBIYOK, TOpUYaK UMEIOT CIIELIM(PUIECKOE Y3KO apeaabHOE U PEPHIBUCTOE pacipocTpanenue. 13
MAaJIOIICHHBIX YYKEPOJHBIX BUOB JHINb a00OTHHA, BOCTPOOPIONIKA, KUTANCKUNA OBIUOK U
amypckuii yebauok paccenwnuch B OacceiiHe CpIpAappd  JOCTaTOYHO IHPOKO U
MHOro4YucieHHo. OnaHako Ha akBaTopud Manoro ApajabCKOro MOps UX PaclpOCTPaHEHHE
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OTPaHUYMIINCH JIUIIb YCTHEBBIMHU palioHaMH. V3 TPOMBICIOBBIX PBIO 371€Ch HATYPaIN30BaJIUCh
OeJtblil amyp, O€sblil TOJICTOIOOUK B 3MEEr0JI0B, KOTOPBIE OCBAUBAIOTCS IPOMBICIIOM.

MarepuaJu u MeToabl. VccinenoBanue pasHooOpa3us COBpEMEHHOIO COCTOSIHHSI COCTaBa
uxTHo(ayHsl Masoro ApajibcKoro Mopsi NpOBOAWIIOCH B BeceHHe-NeTHUM nepuoi 2025 roaa
[0 IIECTH OMOTONAM aKBaTOPUU BOAOEMA (PUCYHOK 1). J[s momydeHus MOJIHBIX CBEACHUN O
BUJIOBOM COCTaBE€ pbIO OTJIOB MPOBOJAWICA OT CaMOW NPECHOW TOYKHM 0 Haubosee COIEHON
30HbI MOps. [t 0TyIoBa PBIO MCIONB30BAINCH CTaHAAPTHBIE CTaBHBIE KAIPOHOBBIE CETU C
suerikamu oT 18 mo 90 mMM. /It oTi0oBa MOJIOAM W HENPOMBICIOBBIX BHAOB IPUMEHSUINCH
MaJIbKOBBIE BOJIOKYIIM C SYEUKOW 5 MM, JiauHOW 12 M u BbicoTOM 2,5 M. BumgoBoii cocras
uxTrogpayHbl ObUI TIOJYYEH HEMOCPEACTBEHHO IO pe3yjpTaTaM opyauu Jjosa. I[lpu
oTpe/ieNIeHU BUAOBON MIPUHAJICKHOCTU PBHIO TOW MM MHOM TaKCOHOMUYECKOU rpyIine ObLIH
IpUMEHEHBI onpenenuTent |5, 6]. TakcoHoMHUYeckre Ha3BaHUs NMPEACTaBUTENEH NXTUO(DAYHBI
MpUBEICHBI coryiacHo BecemupHoi 6ase pbl0 U Katasiory pelo Dmmeiiepa [7, 8].
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Pucynox 1 — CeTka ucCiieIOBaHHBIX YYaCTKOB B Pa3IMYHBIX OMOTOMAaxX
Marnoro ApanbCKoro Mopst

Pe3yabTarhl HCCIeI0BAHNUS. YUUTHIBas a0OpUTeHHYI0 HXTHOGAyHYy M PE3yJIbTaThl
aKKJIMMAaTHU3allMOHHBIX PpabOT, BUAOBOM cocTaB UXTHOGAyHbI ApaibCKOro MOps, BKIHOYas
Marnoe Apanbckoe MOpe, cocTaBIseT opsiaika 44 BUAOB pblO, OTHOCSIIMXCS K 15 cemeiicTBam.
Hekoropsie wucciaenoBareny NOPUBOAAT JaHHbE OT 32 10 36 BHUIOB, HE YYUTHIBas
0e3pe3yJIbTaTHOCTh IIEJIEBOTO BCEJIICHUS HEKOTOPBHIX BUAOB [4, 9]. 3HAUUTENbHYIO JIOJIO IO
KOJIMYECTBY 3aHUMAOT KapnoBble. AkBaropuss Maioro ApanbCKoro Mmops TOCHe
cTtpoutenbcTBa KokapanbCkol MIIOTHHBI cO3/1ajia OJaronpusiTHbIe yCIIOBUS JJI YBEJIMYEHUS
BUJIOBOTO pa3HO0Opa3us pbid. Jlo 3TOro cuuranoch, 4to B BojgoéMe odutaer 22 Buaa peid. B
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cemMeiicTBam (Tabauna 1).

Taomuma 1 - BugoBoi cocrtaB uxtuodayHnl Majaoro ApajabCKOro Mopsi

BCTPEIACMOCTD
No Bu bt Cratyc | BctpewaemocThb
1 2 3 4
CemeiictBo ACIPENSERIDAE
1 |lun - Huso nudiventris (Lovetsky, 1828 ) A, K -
2 Cesprora - Huso stellatus (Pallas, 1771) Ak -
Cewmeiicteo CLUPEIDAE

3 |AtrnanTtuueckas cenpn wian  canaka - Clupea harengus| Ak -
(Linnaeus, 1758)

4 |Kacniuckuii my3aHka - Alosa caspia (Eichwald, 1838) Ak -

Cewmeiicteo CYPRINIDAE

5 |Typkecranckuii ycau Luciobarbus capito A K -
(Giildenstidt, 1773)

6 |Apanbckuii ycau Luciobarbus brachycephalus (Kessler, 1872) A, K +

7 | Bensrit amyp - Ctenopharyngodon idella (Valenciennes, 1844) | Ak, I1 +

8 |Yepwnslii amyp - Mylopharyngodon piceus (Richardson, 1846) | Cn, M -

9 |CepebOpsinblii kapack Carassius gibelio AT -
(Bloch, 1782)

10 |Cazan Cyprinus carpio (Linnaeus, 1758) ATl +

11 |Jlem - Abramis brama (Linnaeus, 1758) Al +

12 |benornaska - Ballerus sapa (Pallas, 1814) A TILM +

13 [lemas- Alburnus chalcoides (Giildenstidt, 1773) ATl +

14 |Iléctpriit  TOnNCcTONMOOMK-  Hypophthalmichthys  nobilis| Ax, I1 -
(Richardson, 1845)

15 |benbrit TOJICTOJIOOUK- Hypophthalmichthys molitrix| Ax, I1 +
(Valenciennes, 1844)

16 |XKepex -Leuciscus aspius (Linnaeus, 1758) ATl +

17 |A3b - Leuciscus idus (Linnaeus, 1758) A IILM +

18 |I1notBa - Rutilus rutilus (Linnaeus, 1758) ATl +

19 |Kpacnonépka - Scardinius erythrophthalmus (Linnaeus, 1758) A1l +

20 |Yexons -Pelecus cultratus (Linnaeus, 1758) ATl +

21 |Amypckuit yebauok — Pseudorasbora parva (Temminck et| Cim, U +
Schlegel, 1846)

22 |T'opuak rnazuatsii — Rhodeus ocellatus (Kner, 1866) Cn, U +

23 |Typkecranckuii meckapb — Cobio lepidolaemus (Kessler, 1872) | A, HII +

CewmeiictBo SILURIDAE
24 |CoM - Silurus glanis (Linnaeus, 1758) | AT | +
CewmetictBo ADRIANICHTHYIDAE JORDAN
25 ‘Menaxa - Oryzias latipes (Temminck & Schlegel, 1846) ’ CJI,4 ] +
Cewmeticto ESOCIDAE
26 ‘H_[yKa - Esox Lucius (Linnaeus, 1758) ’ ATl ’ +
Cewmeiicteo SALMONIDAE
27 ‘Apanbcxnﬁ 710coch - Salmo trutta (Linnaeus, 1758) ’ A, K ’ -
Cewmeticteo ATHERINIDAE
28 ‘ATepI/IHa - Atherina boyeri (Risso, 1810) \ Cn \ +
CewmetictBo CASTEROSTEIDAE
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-
29 |Komomka - Pungitius platygaster (Kessler, 1859) | A | +
CemeiictBo SYNGNATHIDAE
30 |PsiGa-uria - Syngnathus abaster (Risso 1827) | Cn | -
Cewmeticteo MUGILIDAE CUVIER
31 |kedanb-cunruns - Chelon auratus (Risso, 1810) Ak -
32 |kedanb-octporoc Chelon saliens (Risso, 1810) Ak -
Cewmeiicteo PERCIDAE
33 |Cynak - Sander lucioperca (Linnaeus, 1758) ATl +
34 |Peunoii okyHb Perca fluviatilis (Linnaeus, 1758) A IILM +
35 |Epm Gymnocephalus cernua (Linnaeus, 1758) A -
Cewmeiicteo GOBIDAE
36 |ber1ok-0yosips Knipowitscgia caucasica (Berg, 1916) Cn, M -
37 |Beraok-niecounuk Neogobius fluviatilis (Pallas, 1814) Cn +
38 |bwruok-neicyH -Proterorhinus semipellucidus (Kessler 1877) Cai, M -
39 |Beraok-kpyrisik Neogobius melanostomus (Pallas, 1814) Cn +
40 |beraok-ronosau Ponticola gorlap (1ljin, 1949) Cn -
41 |beruok-mmpman Ponticola syrman (Nordmann, 1840) Cn -
42 |Kwuratickuii HocuaThiii 090K Rhinogobius cheni Cn, 4 +
(Nichols, 1931)
Cewmeiicteo CHANNIDAE
43 ‘3M66FOJ'IOB - Channa argus (Cantor, 1842) | Ca, I1 | +
CewmetictBo PLEURONECTIDAE
44 |Kambana rnocca Platicthhys luscus (Pallas 1814) Ak, II, +
M

[Ipumeuanue: II- npomsbicnoBblii, A — abopureH, M - manounciaeHHbIM, AK — akkiauMaruzuposa, Cia —
ciydaitHuii Bcenenen, U — uyskepoanslii Bu1 B pecriyomnuke, HIT — HenpomeicioBsiif, K — 3anecen B Kpachyro
Kuury PK

CoryacHO pe3ynbTaTaM HCCJCAOBAHHMS B HACTOAIIEE BpeMsl Ha akBaTopuud Mamoro
Apanbckoro Mops Bctpedaercs 17 BUAOB IpeacTaBuTeNel abOpUreHHoW NXTuo(dayHsl: ca3aH
(Cyprinus carpio Linnaeus, 1758), neuy (Abramis brama Linnaeus, 1758), yexonb (Pelecus
cultratus Linnaeus, 1758), cepebpsabiii kapachk (Carassius gibelio Bloch, 1782), memas
(Alburnus chalcoides Giildenstadt, 1773), xkepex (Leuciscus aspius Linnaeus, 1758), s13b
(Leuciscus idus Linnaeus, 1758), Genornaska (Ballerus sapa Pallas, 1814), xpacHonépka
(Scardinius erythrophthalmus Linnaeus, 1758), mmotBa (Rutilus rutilus Linnaeus, 1758), cynak
00bIkKHOBEHHBIHN (Sander lucioperca Linnaeus, 1758), myka (Esox lucius Linnaeus, 1758), com
(Silurus glanis Linnaeus, 1758), okynb (Perca fluviatilis Linnaeus, 1758), apaibckasi KOJIOIIKA
(Pungitius platygaster Kessler, 1859), Typkecranckuii neckaps (Cobio lepidolaemus Kessler,
1872) n apanwckuit ycau (Luciobarbus brachycephalus Kessler, 1872). Ilocnenuuii Bup,
3aHecéHHbli B Kpacuyio Kuury Pecnybmuxu KazaxcraHn, BcTpeudaeTcsi peliko B YCThEBBIX
paiioHax ¥ (PUKCUPYETCs MPESUMYIISCTBEHHO B 3MMHHX YJIOBaX.

B opyausx noBa cpeau NpeacTaBUTENCH UyKEpOIHOM HMXTHO(MAyHBI, HE BKJIHOYAS
IIEJIeBBIX BCEJICHIIEB BCTPEYAIUCh 8 BUIOB: aTtepuHa (Atherina boyeri Risso, 1810), amypckuit
yebauok (Pseudorasbora parva Temminck & Schlegel, 1846), smeeronos (Channa argus
Cantor, 1842), Obruok-kpyrisik (Neogobius melanostomus Pallas, 1814), ObI4OK-TIECOUHUK
(Neogobius fluviatilis Pallas, 1814), kutaiickuii HocaTblii Ob190K (Rhinogobius cheni Nichols,
1931), menaxa (Oryzias latipes Temminck & Schlegel, 1846) u rma3varsiii Topuak (Rhodeus
ocellatus Kner, 1866). 9Tu BuabI cTaOMIbHO (PUKCUPYIOTCS B yJIOBaX MO Pa3InYHBIM OMOTONAM
BOJIOEMA, UTO YKA3bIBACT HA UX aJIANITAIIMIO K MECTHBIM KOJIOTUICCKUM YCIIOBHSIM.
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Taxke BcTpewaloTCsi TPH II€JIEBBIX BcelieHIa. M3 HMX pacTUTENbHOATHBIE BUABI Kak
oembrit  amyp (Ctenopharyngodon idella Valenciennes, 1844), Oenblifi TOJCTOIOOMK
(Hypophthalmichthys  molitrix ~ Valenciennes, 1844) xoTopble  IieJeHANIPaBICHHO
akkJInMaTu3upoBanbl B 50-60-x ronax. B pamkax roczaka3za 0enblit aMyp v O€JIbIi TOJICTOIOOUK
€XEroJHO 3apbIOIsIIOTCS B Mope. ENMHUYHO BcTpedaeTcs B 3ayiMBe byTakoBa mpencTaBUTENb
ABPUTAIMHHOM Tpynnel — KamOana-rnocca (Platichthys luscus Pallas, 1814). Opnako
MOCJIETHUE TO/Ibl HAOII0JAeTCsl TeHICHIINS CHUKEHUS YUCIIEHHOCTH Kambaiibl. Hajo oTMeTHTh,
YTO JI0 CTAOMJIM3AIMU THIIPOJIOTMYECKOro pexxuma Manoro ApallbcKoro Mops, TO €CTh J0
2003—-2004 rr., B 3anuBe llleBueHko B yJoBax BCTpeyalcs 3BpUraibHbiil BU — canaka (Clupea
harengus Linnaeus, 1758). B nocnenytomye roipl NpucyTCTBUE TaHHOTO BUJA B BOJJOEME HE
Ha0JI01aTO0Ch.

[To BumOBOMY cocTaBy HXTHO(ayHBI A0S aOOPUTEHHBIX BHAOB cocTaBisier 60,7 %,
qyXepoaHbix — 28,6 %, a neneBsix BceneHeB — 10,7 % (puc. 2). JloMuHUpOBaHHWE MECTHOM
uxTro(ayHbl B TaHHOM BOJIOEME JA€T MPEUMYIIECTBA I COXPAaHEHUSI PHIOOXO03IHCTBEHHOTO
3HA4YEeHUs, TaK KaK U3 HUX 76,5 % SBISETCS MPOMBICIOBBIC BHIBI.
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Pucynok 2 — JloJist BUIOBOTO COOTHOIIICHUH MpeacTaBuTenel nxtuodaynsl Majaoro
ApalibCKOT0o MOps

CormacHo  pe3yibpTaraM  HCCIEAOBAHWM,  PACHpOCTPAHEHUE  MPEACTABUTEIECH
UXTHO(ayHbl pa3nyaloTcs MO 30HaAM akBaTOpuu Mops. UykKepoaHble BHIbI, TaKHE Kak
aMypckuil 4e0adok, Tia3darblii ropyak, HOCaThld OBIMOK M MeJaKa, BCTPEYAIHMCh JIHUIIb B
YCTbEBOM pailoHe, TA€ COJIEHOCTh BOJABI He TmpeBblana 2,5-5,5%o. Cuurtaem, 4TO
OKOHYAaTeJIbHasl CTaOUIN3alvs THIPOJIOTHUYECKOr0 PeKUMa CEBEPHOM YacTu ApajbCKOTO MOPS
crocobcTBoBaja (GOPMUPOBAHUIO 3TUX BUIOB. [IpeacTaBuTenu KacuiicKOro KOMIUIEKca, TAKHe
KaK arepuHa, OBIUOK-NIECOYHUK U OBIYOK-KPYIJIAK, BCTPEYAIOTCS MOBCEMeCTHO. bblio
OTMEUYEHO, 4YTO BO BCEX IMATH OMOTOmax B OpemaHeBbIX ynoBax moutu 40—60 % monm yioBa
COCTaBIISIIOT aTepuHa M ObMOK-KpYIIsIK. Kak ykaspiBanu Apyrue aBTophl, B Hadaie 1980-x
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rOJIOB CaMbIM MHOTOYHCIIEHHBIM ceMeicTBOM Obutn Gobidae, BKIIIOYABIIHE IIECTh BUIOB
ObIuKkoB [4]. ITo HaIIMM JaHHBIM, U3 HUX HA aKBaTOPUHU MOpPS OOUTAIOT TOJIBKO OBIYOK-KPYTIISIK
u Obrdok mecouynnk. O0a BWAA TONYYHJIM BO3MOKHOCTH NPOHUKHYTH B [Ipmmopckyto,
Akmarayckyro 1 KaMpIipIOamcKkyr CHCTEMBI 03€P.

J10 CeroIHAIIHEro JHS CYUTAIIOCH, YTO MPOMBICIIOBas MXTHO(ayHa Manoro ApaibCKkoro
MOpSI HACUUTHIBAET 16 BHUIOB, yNHUpasch Ha OCBOCHHUE MPOMBICIOM TaKMX BUIOB, KaK Ca3aH,
Jlell, MIOTBa, YeXOHb, Oeoria3ka, KpacHoONEpKa, memasi, Kapach, TOJICTOIOOUK, OBl aMmyp,
JKepex, CyJIaK, 3MeerojioB, coM, Iyka, kambana [10]. OgHako eXeroaHble BBUIOBBI BCEX
BBIIIICONIMCAHHBIX 16 BHAOB He 3adukcupoBaHbl, Tak kKak B mepuon 2006—2025 romor
HEKOTOpbIE BHJBI BCTYNald B MPOMBICI, a JPYrue BbINAgadN, HE cyMeB ChHOpPMHPOBATH
MIPOMBICJIOBYIO UHCJIIEHHOCTh. B 3TOT cIMCOK HE ObUIM BKIIIOUEHBI OKYHb U S13b. Y YUTHIBAs, YTO
00a BUJa B JIPyrHMX BOJIOEMAax OCBAaMBAIOTCS IMPOMBICIOM, MpaBWibHEe OYyJEeT Ha3bIBaTh
KOJIMYECTBO MPOMBICIOBON uxTHOdayHbl 18 BuaoB. HecMoTpsi Ha ycuiiMs BOCCTAHOBJICHUS
TUIPOJIOTHYECKOTO pexnuMa Mayioro ApalibCKOro Mops, S3b U OKYHb JO CHX IOp HE CMOTJIN
chopmupoBath nomyasauio [11]. DTo MOXKET ObITh CBSI3aHO C BRICOKOM KOHKYPEHIIUEH CXO0XKHUX
AKOJOTUYECKUX Tpymm peid. [lo mocneqHuM aHHBIM, HA aKBaTOpUM Mops ocBauBaetcs 13
BUJIOB PBIO.

OOHazexxuBarone pe3ysbTaThl ObUIM TOJYYEHBI 1O COXPAaHEHUIO PEIKUX U
MCYE3a0IIUX BUJIOB PBIO MyTEM UCKYCCTBEHHOI'O BOCIIPOM3BOCTBA HAa MPUMEPE apajbCKOro
ycaua. CorjacHo pe3yibTaTaM Hay4HO-IKCIIEPUMEHTATBHBIX PA0OT COTPYIHUKOB APaIbCKOTO
dbunmana «HaydHo-TIpOM3BOICTBEHHOTO LIEHTPA PHIOHOTO X035AHUCTBa», Ha 0a3e PrIOOBOJIHOIO
yuactka PI'KIT «KawmpimmsiOamickuii  peroonuromMmuuk» B 2023 romay ObUT  TONTy4YeH
KaueCTBEHHBIN PBHIOONOCAIOYHBIA MaTepual apajibckoro ycava [12]. B HacTosimee BpeMst Ha
0a3e TaHHOTO MPEANPUITHS TTPOI0THKACTCS MOMOTHEHNE PEMOHTHO-MATOYHOTO MOT0JIOBbS.

3akmouenue. CrpoutenbcTBO Kokapanbckoi mmotuasl B 2005 rogy mon0KUTEIBHO
CKa3aJ0Ch HA COCTOSIHUM 3KOCUCTEMBI Majoro ApajabCKOro MOps, CO3[aB YCIOBUS IJId
BOCCTaHOBJIEHUSI OMOpa3Hoo0Opasus uxtuodayHsel. [loBbilieHne ypOBHS BOJBI U CTa0MIM3ALUs
COJIEHOCTH YJIYUILIWIIN YCJIOBUS JJIsI HEPECTA U YBEJIUYMIIU TJIOIIA (b HAaryJIbHBIX YYaCTKOB, YTO
CIIOCOOCTBOBAJIO POCTY BUIOBOT'O Pa3HOOOpa3Usi UXTHO(AyHBI.

VYuuteiBas abopureHHyio UXTHO(MAyHy U  Pe3yiabTaThbl  aKKIMMaTHU3aI[MOHHBIX
MCCJIEIOBAHNM, BUIOBOU COCTaB pbI0 Apallbckoro Mopsi, BKItouas Masioe ApaiabCkoe Mope,
HAaCUUTHIBAET OKOJIO 44 BUIIOB, OoTHOcsmmxcs K 15 cemeiictBam. [lo maHHBIM OTIEIBHBIX
UCCIEeN0BaTENEH, KOJIMYECTBO BUIOB BapbupyeTcs oT 32 10 36, 4TO CBSI3aHO C OTCYTCTBHEM
PE3yIBTATOB TIO TIEJICBOMY BCEJICHHIO HEKOTOPBIX BU10B. Hanbonbiiryto 105110 B cocTaBe payHbl
3aHuUMaroT kKapnosble. [lociie crtpourenbcrBa KokapanbCKoil IUIOTHHBI akBaTopus Mamoro
Apanbckoro Mops ctaia 0osiee OJaronpusTHOM I YBETUYSHHUS BUIOBOTO pazHooOpasus. [o
ATOTO CUMTAJIOCh, YTO B BOAOEME oOuTaeT 22 BUJA, MPU ATOM B CIHCOK HE BKIIOYAIIUCH
yyXepoJHble BUIbI, Tomnabimue u3 p. Ceipaapbs. CorjiacHO MOJYYEHHBIM JaHHBIM, Ha
akBatopun Mamnoro Apana BcTpedaeTcs 28 BHAOB, OTHOCAIIMXCS K JIECSATU ceMelcTBaMm. B
coctaBe UXTHO(ayHBI MO BUIOBOMY pa3zHOOOpa3uio A0Jis aOOPUTE€HHBIX BHUJIOB COCTAaBJISET
60,7 %, ayxkepoaubix — 28,6 %, a neneBbix BceneHneB — 10,7 %. JlomuHnpoBaHrue MeCTHOM
uxTuodayHbl B JaHHOM BOJIOEME JAeT MPEUMYILECTBA Il COXpaHEHUs PhIOOX03iCTBEHHOTO
3HAYEeHUS, TaK KaK U3 HUX 76,5 % sIBIA€TCS MPOMBICIIOBBIMUA BUAAMU.
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TEXHUMKAJIBIK FBIJIBIMJIAP - TEXHUYECKHUE HAYKHU - TECHNICAL
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90K 628.16:681.5

AdomiakaupoBa ApyxkaH bakOeprenoBna

MaructpaHnt

FouibiMu sketexii: bosin ['ynmupa JlyliceHOSKKBI3bI

PhD, npodeccop

«ABTOMATTaHIIBIPY KOHE OacKapy» Kaderpacsl

Fymap6ek JlaykeeB aTbiHAarbl AJIMAaThl YHEPTEeTUKA KOHE OallIaHbIC YHUBEPCUTETI
(Ammatsl, KazakcTaHn)

MAIUNHAJIBIK OKBITYT'A HET'I3AEJIT'EH KbIJIYMEH KABABIKTAY 1bl
BACKAPY IbIH AKHAPATTBIK-TAJIJIAMAJIBIK )KYWECI: KOl JEHTEMAJII
APXUTEKTYPA ) K9HE JEPEKTEP/I TAJITAY 9ICTEPI

Angarna: Makanaga AJnMaThl KaJlaChblHBIH OPTAJBIKTAHIBIPBUIFAH JKbUTYy JKENicCi
JKarJaibl YIIIH 931pJIEHIEH KbUTyMEH >KaObIKTayAbl OaCKapyIblH KON ACHIeIl aKlapaTThIK-
tangamanblk okyheci (ATXK) ycoiHbutran. JXKyle naepektepii >kuHaydaH OacKapylIbUIBIK
HICIIMEP KaJbINTACTBIPYFa JEHIHT1T TOJNBIK AHATUTHKAJIBIK KOHBEHEpJl KaMThIN, >KETl
byHKUMOHANABIK JeHreinen typanbl. Kymbicta ATXK-HIH XKeTl AEHrelsal apXuUTEeKTypachl
HETI3[IeTeH; aHOMAJUSJIApAbl AHBIKTAayAblH KAaCKaJAThIK TACUIl »KacaKrayiraH (Z-score —
Isolation Forest — LSTM-pekounctpykuus, F1=0,90); LSTM Heri3inaeri 00JKaMIbIK Kyhe
icke acwipputrad (MAPE=2,8%, R>=0,97); opraima eckepTy yakbIThl 22 MUHYT OOJIATHIH YIII
JeHrein kinaccudukanusacel 6ap memiM Kadbuigayasl koagay sxyieci (IIKYXK) ycbinbuiFan.
2023-2024 xpuinapaarbl HAaKThl JEPEKTEp/le CBhIHAKTAH OTKEH HOTWkKelep OoWbIHIIa
YCBIHBUIFAH TOCUT KbUTY MBIFBIHBIH 10—15%-Fa a3aliTypl, aBapHsUIBIK xKarnainap canbiH 30%-
Fa KbICKAPTY/IbI )KoHe dHeprust THiMALUTITiH 71%-1an 88—91%-ra neiiin apTThIpy Al KaMTaMachi3
€TETIH1 JOJIEIACHIEH.

Tyiiin ce3mep: akmapaTThIK-TalgaManblK JKYHe, XKbUTyMEH >KaOJbIKTay, MalldHAJIbIK
okpITy, LSTM, anomanusimapapl aHbIKTay, *KbUTy KYKTeMECIH OoJikay, HIemiM KaObuiaay bl
Kommay xyieci, KPI, sneprus tuimainiri, AiMarel.

Kipicne. AnMatbl KanachbHBIH OPTAJIBIKTAHIBIPBUIFAH >KbULy edici | MuIMOHHAH
acTaM TYPFBIHJIBI KBUTYMEH KaMTaMachl3 €T€ OTBIPHII, JKbUI CAalbIH YJIKEH KOJEMJIET1 IepeKTep
enaipeni — SCADA xylienepi, KOMMEPUUSJIBIK €CENTEriTep, METECOPOIOTHUSIIBIK
craHuusiap. by aepexrep popmanbabl TypAe KUHAKTaIaAbl, 6ipak oaapabiH 80%-1aH acTaMbl
HAKThl aHAUTUTUKAJIBIK IJ1aTGopMa OonMaraHIbIKTaH 1C KY31HAe NaiigataHbUIMai Kamya.

JlucrieTuepnep HAKThl YaKBITTaFbl OJIIEM JEPEKTEpiHEe KOJ JKeTKi3e anaipl, anaija
KYKTEMEHI OoJpKayFa, aHOMaJIHMUIap/bl €pTe aHBIKTAyFa JKOHE DHEPTrOTHIMIUIIKTI Oaranayra
apHaJIFaH aBTOMATTAHIBIPBUIFAH aHAJTUTUKAJIBIK KYpaJl )KOK. 3epTTey AepeKTepl OONbIHIIA OyIT
KETICICYIIUTIKTIH TIKeNIeH 3apAantapbl: apThIK SHeprus MbIFbIHBL 20-35%-1b1 Kypausl,
aBapusUTBIK >karaaiinap 40%-ra jxuinen, onepaTop MemiMAepiHiH canachl TOMEHICH .
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20212024 xbaapaarbl FRUIBIMU KapHUsUIaHBIMIAPbl IOy OPTAJIBIKTaHIbIPbUIFaH
KBUTY KyHesnepiH MuQpraaHablpy OarbIThIHIA O€JICeH[l 3epTTEyJep KYPri3UIreHiH KOpPCEeTTi.
LSTM/GRU apxutextypanapsl Xbuly >kykremeciH Oomxayna MAPE 1,8-3,5% mommikTi
KaMTaMachl3 €T€ alaThIHbI aajenaeHreH [2, 4, 18]; Digital Twin Tociii KbUTy HIBIFBIHBIH 8—
15%-¥a azaltysl ic xky3iHae pactaraH [5]; [oT+ML cunepruscel nepekrep >KMHAy MIbIFBIHBIH
60%-ra azaifTkan [9]. Anaiiga ocel kyMbIcTapabIH Oapibirbl bateic Eypona, Keitait Hemece
AKIII xonTekcTTepinae )xyprizuireH. [locTkeHecTiK )KbLTy HHOPAKYPBUIBIMBI YIIIIH — €CKIpTeH
XaOABIKTAphI, TETEPOreH/I1 IepeKTep hopMaTTaphl xKoHE AJTMAThI KIIMMATHIHBIH €pEKIIETIrIMEH
(T _ecen=—25°C, 7 ailfIbIK KBUIBITY MayChiMbl) — JEPEKTEPACH MICHIIMIe JCHIHT1 TOJBIK
aHAIMTUKAJIBIK KOHBEHEP Il CUMATTAUTBIH KYMBIC TaObLIMA/IbI.

Ocpl ONKBUIBIKTHI k010 MakcaThiHaa ATXK apxurektypachl, OOMKaMIBIK MOIEIbICD
KUBIHTBIFBI JKOHE MIeIM KaObuiaayael Kosnpay xyieci (IIKXK) o3ipienin, AnMarbl XbuUTy
KENICIHIH HAaKThl JIepeKTepiHJe Tekcepural. Makanaga KyileHIH apXHTEKTypachl,
MaTE€MaTUKaJIBIK alapaThl, aHOMaJIUs JETEKTOPJIAPBIHBIH CalbICTHIPMAJIBI CapanTaMachl,
O0JKaMJIBIK MOJIeTbaep HoTHxkemepi sxoHe KPI ananutukace! 6asHaanabl.

ATK-HiH KeNJIeHIeiJIi APXUTEKTYPACHI

¥ chIHBUTFaH KYiie QU3HKAIBIK AEPEKTEP KO3AEPIHEH ONEPATOPIIBIK HHTEp(Deiicke neiiH
7 uepapxusubIK JeHrenneH typanbl (l-kecte). ApXUTEKTypalblK MICIIIMAE 9p ACHTEHIIH
’KayarKepUIUTIK aiMarbl HaKThl O6JIIHI€H: aKlapar TeK KOFapblFa araJibl, MaHbI3]Ibl ECKEPTYJIEP
rana [IIK)K apkpiibl kepi OarbITTa *K10epiyiel.

1-xkecte — AT/K pyHKUMOHANABIK JIeHIeHIePi MEH TEXHOJIOTUSIAPBI

J. [enreii araypt ~ DyHKIMOHAT Texunonorusmap  MuTepdeiic
1 Hepekrtep SCADA, IoT Modbus, OPC UA
Ke3/epi ecenrerimrep, mereo-API  LoRaWAN,
REST
2 Jlepexrepai VYakpbITTBIK cepust DB, InfluxDB, MQTT
cakray Data Lake, apxus PostgreSQL, S3
3 Hepextep ETL: Tazanay, Apache Katka, @ ETL
OHJIeY HOopManu3anus, arperauust  Python Pipeline
4 Amnanutuka AHOManus aHbIKTay, Scikit-learn, REST API
KOppesius, Pandas
MayChIM/IBLIBIK
5  bomxay LSTM/XGBoost/ARIMA  TensorFlow, gRPC
— 24/72 carar MATLAB
6 KX ¥YceiHbICTap, eckepTynep, Epexenep WebSocket
OHTAMIaHIBIPY 6a3acel, ML
7 [Tatinananymer  Dashboard, KPI, nabsin Grafana, React HTTPS
uHTepdeiici Kyheci

JlepexTep arbIHBIHBIH KapKbIHBI oTe skorapbl: SCADA xyitenepi 86 400 enmem/Toymik
KBUIIAMJIBIKIEH a30a jKacaillpl, HOTHXKECIHJE XBULABIK JAepeKKopaa IamameH 31,5 miH
xa30a >xuHakrananpl. InfluxDB-ne Ter-nerizai unaekcrey (station id, zone id) Tanmamanbl
cypanbicTapibl 50 Mc-TaH a3 yakbITTa OpbIHAAYFa MYMKIHJIIK Oepe/i.
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2024 KbUTFbI HAKTHI IEPEKTEP/IE KYPTi3UITeH AepeKTep carnackl MOHUTOPHUHT1 5 METpUKa
OotibHIIa HOTHRE Oepmi (2-kecte). Jlepekrep mommiri (96,2%) meH KyieHiH >xayam Oepy
yakbITel (1,7 C) HOpPMATHBTIK TajanTap[bl KaHAFaTTaHIBIPAIbI. J[epeKTep TONBIKTHIIBIFEI
(96,8%) men xoranteutFaH makeTTep (0,8%) meHrenaepi MaKkcaTThl MIEKTEH CO ThIC — OYII
MayChIMJIBIK KJIIMMATTBIK (haKTopiiap MeH OaiJIaHbIC KeTICIH e KbICKa Mep31M/I1 Y3UJIICTEpMEH
TYCIHIIpiIET.

2-kecre — JlepexkTep canacbl HOpMaTuBTEPi (2024 K. HAKTHI AepeKTep)

Mertpuka Makcar Haxkter Cratyc
(2024)

Hepekrep >98% 96,8% KETUIIIPY
TOJIBIKTBUTBIFBI

Jepekrep momuiri >95% 96,2% HOpMa

Kinipic (latency) <2c 1,7¢c HOpMa

Koranteuiran <0,5% 0,8% KETUIIIPY
MakeTTep

Hepekrep >99% 99,1% HOpMa
KeJiCIMITIT

MaTteMaTHKaJBIK MO/IeJIb sKOHe JIepeKTep/i Tajaaay
Kbuty SKYKTEMECIHIH CBIPTKBI aya TeMmIlepaTypachblHa TOYEJJUITIH CUIATTalThIH
6azanbeik Mojiens CIT PK 2.04-01-2017 HopmaTuBiHE colikec KaObLUIIaH IbI:

(Tiw — Tcrip)
Q(TCpr) - QO . (Tim — TeceI;[) (1)
MYH/JIAFbI:
Qo = 837 kBT — AnMaThl OPTAJIBIK KbLUTY TOPAOBIHBIH HOMHUHAJIIBI KyaThl;
Tim = 20°C;
Tecen = —25°C.

JlepexTepre OeiMaeNTeH perpecCUsibIK MOJIENb KBAaIPATTHIK MYIIEHI, anTa KYH MEH
yakbIT KO3(PHUIIUEHTTEPIH KAMTHIbI:

Q6omx = B+ B -Tcwip + B? - Tcoip? + B3 - yakuiT + B* - antakyHi (2)
LSTM 6omxam Mozeni 72 caraTThIK Kepl TEPE3eHi KIpic PETIH/IE KOJIJaHa bl
x. = {Tceip[t —72:t], Q[t — 168:t — 1], anTakyHi, carat} (3)

KbLny j)KyKTEMeci MEH ChIPTKbI TEMIIepaTypa apachlHAaFbl KOPPEISIUSIIBIK Tayay R? =
0,92 HoTMX)e Oepai — CBHI3BIKTBIK MOJECINBIH JKETKUIIKTI KYBIKTAYBIIMIBUIBIFBIH pacTalbl.
Perpeccust koadpdummenti fi = —16,8 kB1/°C: cripTkbl Temneparypa 1°C-ra aprca, *KblU1y
XKykremeci oprama 16,8 kBT-ka azasapl. Pearson KoppensiuusuiblK MaTpuliachl OOMBIHIIA
Q sxykreme MeH T _cbIp apackiHaarbl ko3 duuueHt R =—0,96 — Oy Oomkam MozeliHe Kipic
peTiHJIe MalaIaHbIIIAThIH €H BIKIAJIbI AfHBIMAJIbl €KEHIH alKbIHAANIbI.

Mayceimabik nekommosunus (STL) mepexrepai TpeHI, MayChIMIBUIBIK KOHE KaJIJIBIK
KOMIIOHEHTTEPTe a)KbIpaTa OTHIPBIIN KYPri3iiil:
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Q@) =T +S() + R (4)

MATLAB opracsiaa stl() pyHKIHMSICBIMEH KYPTi3UIreH aHaIu3 HOTIKeNepi 3-kectene
oepinred. JKbUIIBIK MayChHIMABUIBIK aMIuutyaackl 720 kBT Oonapl, MayCHIMABUIBIK YJecl
Kanmbl JAUCTEPCUSHBIH 68%-bIH  Kypaiabl, y3aKk wmep3imai  TpeHn +8,5 kB1/xbin
KbULIaMABIKIIEH apThIIl OThIP. MaychIMabUIBIK HHACKCT SI = omayceiMm / Qoprta = 228 / 420 =
0,54 — OomkamMABIK MOCIBACPTe MayChIMJBUIBIK KOMIIOHEHTIH MIHJAETTI TYpJE CHrI3y
KEPEKTITH J9JIe e al.

3-kecte — STL nexommno3unus HaTHAKEJIEPi (Aamatbl, 2023-2024 xiK.)

KommioneHnt Cunarrama Mon

Tpenn T(t) KbuinbIK ecy +8,5 kBT/%bL1

Keuiaeik Ammutyaa (Q_max=837, 720 kBt
MaychIMABUIBIK S &blT1  Q min=117 kBT)

AnTanblK Kymbic/nemaibic albIpMachl 45 kBt
MayChIMABUIBIK S_anTa

ToymikTik KyHn/TyH aiibipmacsl 30-60 kBt
MayCBIMIBLITBIK
S Ttoymix

Kanneik R(t), 0 R CTaHmapTThl ayBITKY 23 kBt

MaychIMABUIBIK Yiect S b1/ Q opra 68%

AHOMAJIMSUIAPAbI AHBIKTAYAbIH KACKAATHIK TICIJII

AHoManusIapapl aHBIKTayJa TOPT alropuTM 3eprrenmai. Z-score (|z[>2,5) ecentey
KbUTIAMIBIFBIMEH epekiienieneni (<1 mc), Oipak MaychIMABIK e3repicTi eckepmeiini. IQR
epekecl LIETKI MOHJEpre ce3iMTal eMec, ajaiiia YakbITThIK TOYENIUNKTI KaMTbIMAaWIbl.
Isolation Forest anroputmi ke eJiemM/1i aHoManusiIapabl aubIKTan w1 (15-20 mc), 6ipak HaKThI
YakbIT pexXuMiHAe 0asy xKymbIc xacaiibl. LSTM peKoHCTpYKIUS TOCUIl €H XKOFaphl AJIIIKTI
KOPCETTI: aJiJIbIH ajia KaJbINThI JepeKTepie oKpIThlIFaH LSTM mMoeni HaKThl MOH MEH 00JKam
apachblHIAaFbl PEKOHCTPYKLHUS KATECIH aHOMAJIUS MHJIMKATOPBI PETIHE NailanaHabl:

e(t) =x(t) — xX(t);, Anomanus: e(t) > u. + 3-0. (5)

Bapnblk anroputMaepaiH Kalmbl JEpeKTep KUBbIHBIHIAFbl TEKCEpY HOTIKenepl 4-

KecTeae OepisireH.

4-kecTe — AHOMAJIUS A€TEKTOPJIAPBIHBIH CAJBICTBIPMAJIbI HOTHKEJIepi

Anroputm Precision Recall F1 Hakrs! yakpsIT
KiJipici

Z-score (|z[>2,5) 0,85 0,78 0,81 <1 mc

IQR epexeci 0,79 0,82 0,80 <1 Mmc

Isolation Forest 0,91 0,84 0,87 15-20 mc

LSTM pekoncrpykmus 0,93 0,88 0,90 120 mc

ATX-ne ocel anroput™Maep KackaaThIK T130€KKe O1pIKTIPIIIL: aJIIbIMEH Z-SCcore KblIaam
alJIbIH ajla Cy3y JKyprizeni, comaH keifin Isolation Forest pacraiiabl, Kypaem jkarjaaiiia FaHa
LSTM pexoHCTpyK1HMs icKe KocblUiaibl. by yitbiM xanran gadsuiaapasl 73%-ra a3ailTThI.
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6 allJIbIK TecT aepekTepinae (HaKThl 53 aHOMaWsA): KACKAJITHIK MEeTeKTOp 47 OKUFaHbI
JYPBIC aHBIKTAIbI. ATIaT aJiJIbIHIAFbI €CKEPTY: 8 OKUFAHBIH 7-Cl yaKThUIbI aHBIKTAIILI (87,5%).
Oprama eckepTy YaKbIThl — 22 MUHYT OYpBIH, OYJ1 OTIepaTOpFa aliJIbIH aJia Iapajap KoJIaHyFa
JKETKUTIKTI.

BosxaMabIK Mojiesibiepai cajbICThIPY

60 KYHJIIK TeCT Ke3eHiHAe O€C MOJIeNIb CATBICTHIPBUIABI (5-KecTe). ChI3BIKTBIK perpeccus
skcTpeMaibl kKyHaepae S0—80 kBT cucrematukanbik kate 6epeni. ARIMA maychIMIBIK TpeHA1
eckepeni, Oipak anTanblK marrepHaepal kidepinm anmaasl. XGBoost ecentey pecypcrapsl
HIEKTEYJI1 XKarFaaiaa skakcbl 6ananc yebiHanbel: MAPE=4,1%, kigipic 8 mc.

5-kecre — Boszkam MoaeJbAepiHiH CAHABIK HITHKeJIepi

Monenb MAPE, % RMSE, R? Kooz,
KBT

ChBI3BIKTEIK 12,4 68 0,81 <1 mc
perpeccus

ARIMA 8,7 52 0,88 5 Mmc
(p=2,d=1,q=1)

Random Forest 5,2 31 0,93 15 Mmc

XGBoost 4,1 26 0,95 8 Mc

LSTM (2 xabar) 2,8 18 0,97 120 mc

LSTM mopeni (2 xabar: 128—64 neiipon, dropout=0,2, Adam oHTaiiJlaHIBIPYIIBICHI,
1r=0,001) MAPE=2,8%, R?>=0,97 HoTH)XECiH KOPCETTI. 5-Ke3eHAIK alKachlll TeKcepy (Cross-
validation) notmwxkenepi: CV_MAPE = 2,8 + 0,4%, CV_RMSE = 18,3 + 2,1 kBt. 95%-1b1K
ceHIMILTIK apanbiFbl: QOomk + 38 kBT1. byst HopmaTuBTik 60mxam nanairinen (MAPE < 5%)

alTapibIKTall >KaKChl — CBI3BIKTBIK perpeccusimen (12,4%) canbicThipranga 4,4 ece y3mik
HOTHKE.
OxpiTy KkesiHzne epoch=65-te epte Tokrary (early stopping) icke Kipai — apThIK

OKBITYABIH anablH anjabl. OKbITY Aepektepl ke3eHi 2022-2024 xok. (2 xbu1), Oy OapIiblK
MayChIMJIBIK TTATTEPHASPA1 TOJIBIK ska0yFa MyMKiHAIK Oepai. STL mekoMmo3uiius HOTHXKEIepiH
moxenere kipic perinne 6epy MAPE-uwr 12,4%-nan 8,1%-ra neiiin a3aliTKaHBIH TEKCEPY
pacTtajpl.

3epTrey HITHKEJIEPI

KPI ananumuxacuot

ATX-ga xbUTy >KeNiCiHIH THIMAUIIH Oakpuiayra apHanran 8 Herisri KPI kyiieci
KAJIBINTaCThIpbUIABL (6-KecTe). 2024 xbpuUtFbl HakThl Jepekrep OoibiHmIAa 8§ KPI-gpiH 5-1
MaKCaTThI JICHTei1e, 3-1 KETUIAIPY/Il KaXKeT €TEeTIH ailMakTa Typ.

6-xecre — Herisri KPK xkyiieci (2024 :x. HaKThI 1epeKTep)

KPI araysr Omm. Makcar daxkr Tpenn
(2024)
Keury THIMILTIT % > 85 83,5 +2,1%/xbL1
(COP_xbu1y)
Kbuty HIBIFBIHBI % Q <35 4,2 Kakcapyna
KEie
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R

Bomxam mommiri % <5,0 3,1 JKaKChI
(MAPE)

SLA opbiHAaysl % >95 95.8 TYPaKThbl

ABapusiap caHbl oK./aii <3 2,1 azaroza

Hepekrep % >98 96,8 KETUIIIPY
TOJIBIKTBUIBIFbI

Kayan 6epy c <5 1,7 HOpMa
YaKbITHI

KX ychiHBIC % >80 87,3 T )KOFaphI
TAILIIr]

Keuty trimainiri (83,5%) makcartel neHreiire (85%) coi xxerneit Typ — OYJI KBUIBITY
MayChIMBIHBIH €H CYBIK KE€3€HIH/€ KbLITy TaChIMAJIJAyIlIbl TapaMeTPIIePIH OHTANIIbI YCTaYAbIH
TEXHUKAJBIK MaceneciMeH OainanbicThl. XKoranty kapracel (heatmap) 4-yyacke €H >KOorapbl
mbIFbIHAB (4,1-7,2%) exeHin anbikTagbl — ATXK ocbl yuackenepre Ke3eKT€H ThIC TEKCEpPY
TaralbIHAy bl YCHIHA/IBI.

HlemiM Ka0bLIIAYABI KOJAAY 2KYyHeci

KX tepT QyHKIIMOHAIIBIK KOMIOHEHTTEH TYpajbl. Epexkenep KO3FauTKbIIIbI alIbIH
aHBIKTaJIFaH MmapTrap OolbiHIIa SMS/email naGbuIIapelH reHepanusiaiabl. bomkamra
Heri3fenreH  ycbiHbic  Moaynai  MILP  oHTalinaHABIpYIIBICKI  apKbUIBI  OMEpPaTOop
xabapranapipynapbi qaibsiHaan s, AnoManus KK nakte yakeirra LSTM pexkoHCTpyKIHs
apKbUTbIl MHIUACHT KapTachlH >Kacal/lbl. DHEPTUsl OHTAUIAHABIPY KOMIOHEHTI MayCBIMIIBIK
pPeKUMACP/Il KBUIIBIK SKOCTIap OOWBIHIIIA OHTANIACTHIPA/IBI.

Y nmenreiinm eckepty kyueci: INFO (xkacbur) — oHTaiibel aitMakTan 5% IIBIKKAH/A;
WARNING (capst) — mekten 10% ackanga; CRITICAL (kp13bu1) — 20%-1aH actam ackaHa,
aBTOMATThI XKypHaJ ka30ackl xoHe aucrneryepre SMS xi0epuieni. Oprama ecKepTy yakbITh
22 MuHYT OypbiH. Makcumai bl )KyYKTeMeciH OoikaMasl perrey cueHapuitinge (10:00-14:00)
MaKCUMaJIbl )KyKTeme aMruiutyaachid 40%-fa a3ailTy MyYMKIH/AITT aHBIKTAJbI.

IKOHOMHUKAJBIK THIMILTIKTIH 00J15KaMbBI

7-kecre — ATK icke acbIpyabIH 00/1:KaM/Ibl IKOHOMUKAJIBIK HOTHIKeJIepi

TuiMaimik OarbIThI BoipkamMabl HOTIKE Herizneme

Kbuty mibiFbiabiH a3aiity  10-15% AHOManus epTe aHbIKTay

Bomxam gonairinig MAPE 12,4% — LSTM vs perpeccust
KaAKCaAPYBI 2,8%

ABapusiyiap CaHbIH 30% ITKXX anmpia ana eckepty
azaurty

DHEProTUIMALIIK apTybl 71% — 88-91% KPI tpeny 6omkamsbl

OmnepaTop *KYKTeMeCiH 40% ABTOMAaTTaH/IBIPBUIFaH aHAJTUTHKA
azaurty

ATX etenim mep3imi 2,5-3 XKbII YHemaey noTeHIHAIbI
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Oueprotuimautik tperai 2020-2024 xeimap apansirsinga 71%-gan 83,5%-ra neitin
xeTitreHid pactaiasl; ATXK Tonblk icke ackipbuirad sxargaiia 2026 xoutbl 88—91%-Fa xeTy
OoJKaHadbI.

KopobiThinabl. XXbutymen sxa0apIKTay bl 0ackapyfa apHajFaH aKnapaTThIK-TajlgaMabIK
JKyhe AJMathbl KbUTYy JKEIICIHIH HAKThI JEpEeKTepiHe *)obamaHbin Tekcepiaai. JKypriziiren
3epTTeyAiH OlpHelle MPaKTUKAIBIK HOTHXKEC] epeKIlie Ha3ap aydapaibl.

Bomxamnpbik ananutuka tapansiHad: LSTM monent MAPE=2,8%, R?=0,97 noTmxeciMeH
KOJIIaHBUIIBII )KYPIeH ChI3BIKTHIK perpeccusiian 4,4 ece 1o1 00bl. 72 caraTThIK Kipic Tepe3eci
MEH S5-Ke3€eHJIK alKachlll TeKcepy TypakTel HoTmxkeHi (2,8 + 0,4%) pactamel. Pecypcrap
mekreyn xepae XGBoost (MAPE=4,1%, 8 Mc) npakTukanelk 6aiama.

AHomamus aHbIKTay OoifbiHIIA: LSTM pexkoHCTpyKLHMsIFa HETI3IENTeH KacKaJIThIK
nerektop F1=0,90 nHoTmxecimen 47 aHOManusHbl OYPHIC aHBIKTaAbl (53-TiH), >KalFaH
nadeuiiapael 73%-fa a3alTThl. 22 MUHYTTBHIK €pT€ €CKEpTy OllepaTopiiapra ajjblH ajna ic-
miapaiap Kyprizyre MyMKIHAIK Oepejii — TecT Ke3eHIHe aBapusiiapabiH 87,5%-bl yaKThUIbI
AHBIKTAJI]IbI.

Maycbimabik  aexkommosuitas (STL): SI=0,54 >xorapsl MayChHIMIBUIBIKTBI PacTabl,
KbUTIBIK amruinTya 720 kBT; MayChIMABLIBIK KOMIIOHEHTIH Ooimkam mojelnine kocy MAPE-
HbI 12,4%-naH 8,1%-ra a3alTThI.

[TocTkeHecTik *KbLTy HHDPAKYPBUTBIMBI IepekTepine cbinakTad oTkeH ATXK — SCADA
nepexrepin ML ananmutukacsimed, KPI monutopunrimen sxone HIK)K-meH TONBIK KipiKTIpETiH
TYHFBIII TUIaTopma. bomamiak 3eprreyiepae nU@pIbIK eri3aep TEXHOJOTUSACHIH €HTI3y, 5-
OyBIH/IBI KBLTY XKemliepine oerimaey koHe KaszakcTaHHbIH O0acka ipi KajajlapblHa MacluTadTay
NEePCHEKTUBAIIBI OAFBIT OOJIBIN Kajaabl.
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MartkyJjoB Mupac

Maructpast

FouibiMu skerexmrici: Ytenb6eprenos 1. T.

T.F.]I., Ipoeccop- 3epTTeyi,

«ABTOMaTTaHIBIPY JKoHE Oackapy» Kadenpacsl

Fymap6ek JlaykeeB aTbiHAarbl AJIMAaThl SHEPreTUKA KOHE OailIaHbIC YHUBEPCUTETI
(Anmatsl, Kazakcran)

10T JATYUKTEPIHEH AJIBIHFAH YHUKbBI ®U3HOJIOT UAJBIK
HHAPAMETPJIEPIH TAJIJAYJIA GRAPH ATTENTION NETWORK K9HE
DENOISING DIFFUSION PROBABILISTIC MODELS MOAEJIBAEPIH KOJITIAHY

AnHoTtaumsi: Makanaga IoT [gaTyukTepiHEH aiblHFAH VHUKBI  (DU3UOJIOTUSIIBIK
curHangapsia eqjaeyre apHanran Graph Attention Network (GAT) xone Denoising Diffusion
Probabilistic Models (DDPM) Mmonenbaepin O1piKTipeTiH THOPUITIK apXUTEKTypaHbl 931piey
YKOHE IKCIIEPUMEHTTIK 3€PTTEY HOTHXKeJepl OasHaanaabl. 3epTTey KYPEK COFY >KHLUIIT1, ThIHBIC
airy >KHLUIIT, J€He TeMIIepaTypachl )KOHE KO3FaJIbIC OEJICEHIUTIr CUAKThI YIKBI MmapaMeTpiaepi
apachblHIarbl KOPPESIUAIapAbl MIyJbl KOMeJIIeM]ll YaKbITTBIK KaTapiiap >KarJaibIHIa
TaqJayJblH  JQJJITIH  apTThIpyFa  OarbITTaldfaH. Y CBIHBUIFAH  OJIC  KJIACCUKAIBIK
anroputMmyiepmen — KajiMaH cy3riciMeH >koHe KO3FajIMalibl OpPTalllaMeH — CaJIbICThIPbUIA/IBI.
MATLAB/Simulink opTaceiHaa 8 caraTThIK YUKBIHEI MOJEbACY apKbuibl (480 HykTe, SNR =
15 ab) xyprizuiren sxcnepumentrep DDPM moneninig MSE = 0.0089 xone mibirsic SNR =
25.8 nb xamramacsI3 eteTiHiH, ai Oy Kanman cysricinen MSE kputepuiii 6olibiHma 9.5 ece
JKOFapbl eKeHiH monenaeiiai. Hazap aymapy mexanusmi 6ap GAT monen mapametpliep
apachIHIaFbl KOPPEIAUUUIBIK OaiianbicTapabl THiMII Moaenbaen, MSE = 0.0156 notmxkecin
oepeni. XKytieniy typakteUibiFbl MonTe-Kapiio amicimen (N = 300 icke KOCYy) TEKCEpilTeH.
ATBIHFaH HOTWKEJIEP YCHIHBUIFAH apXHUTEKTYPaHBIH KAIIBIKTAaH MEIUITMHAIBIK MOHUTOPHUHT
KOHE aBTOMATTaHJBIPbUIFAH TEXHOJOTHUSUIBIK MpoIEecTepll Oackapy KyiuenepiHaeri
MPAKTUKAIIBIK KOJAAHBLTYBIH PACTANIBI.

Tyiiin ce3nep: Graph Attention Network, Denoising Diffusion Probabilistic Models, [oT,
YUKBIHBIH (DU3UOJIOTUSIIBIK TIapaMeTpiiepl, CUTHAIIAPAbI CYy3y, Hazap ayaapy MeXaHU3Mi,
mudys3usnsik moaensaep, MATLAB/Simulink, MonTte-Kapio, koppemsiusuibIk Tanay.

1. Kipicne

YUKBIHBIH ~ (U3UOJOTUSIIBIK — TIapaMeTpiiepiH  MOHHUTOPHUHTUIEY OHMOMEIUIIUHAIBIK
TEXHOJIOTUSJIAD MEH WHTEJUICKTYaJJIbl aBTOMATTAHABIPBUIFAH >KYHENepJiH KHUBLIBICKAH
JKEpIHJe ©3€KTI OarbITTapAblH Oipl OOJbIN TaObLIanbl. JyHUEKY3UIIK JEHCAYJIBIK CaKTay
YUBIMBIHBIH JepeKTepl OoiibIHIIA epecek XanbIKThIH 30%-1aH acTaMbl YHKbI OY3bUTbICTapbIHAH
3apamn merei, Oy )KypeK-KaHTaMbIp MaTOJIOTUSTIAPHI, CEMI3/IIK )KOHE TICUXOHEBPOIOTHSIIBIK
aypyiapMmeH Tikened OadmanbicTel  [1].  JocTypmi  KIMHUKAIBIK JWAarHOCTHKA —
MOJTMCOMHOTpadusi — CTAlMOHAPIBIK KAOIBIKTHI, MaMaHIAHABIPHUIFAH TEPCOHAABI JKOHE
OaKplUIaHATBIH >KaFdailiapAbpl KaKeT eTEeTIHAIKTEH, >Kalmaid aMOyJaToOpiblK Hemece Vi
MOHUTOPHUHTIHE KapaMChbl3 OO0JIbIT TaObLIaIbI.

3arrap unTepHeTl (I0T) TEXHOTOTUSACHIHBIH aMybl Vi KaFmalbiHAa (U3HOJIOTHSITBIK
JepeKTepAl Y3A1KC13 )KUHAYABIH MYJIJIEM jKaHa MYMKIHJIIKTEepiH amThl. 10T Heri3inaeri yiKbIHbI
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MOHUTOpHUHTICY XyheciH kudep-pusukansik ACY TII-topizmi Kyiie peTiHIe KapacThIpyFa
oonanpl: natankrep (MAX30102, MLX90614, MPU6050) emnmiey G10ThI poIiH aTKapajsl, al
JEPEKTEPIl OHLY aNTOPUTMACPI OacKapy JKOHE MUAarHOCTHKA OJIOKTAPBIHBIH (DYHKIMSUIAPHIH
XKy3ere achlipaabpl. Anaiia MyHIal KyienepaiH 6acTel Moceneci — ACPEeKTEPIiH ITYIIbUIBIFBI
OOJIBITT KaJIaJIbl: AJICKTPOMArHUTTIK KeJIeprijep, KO3Faabic apTedakTiiepl )KOHE TaTUuK apeidi
eney katemirid 15-30%-fa neitin apTThIpybl MYMKIH [5].

CurHanapasl Cy3yJiH KOJAaHBICTaFbl KJIACCUKAIBIK 9aicTepi — KanMan cy3rici MeH
KO3FaJIMaJIbl OpTalia — OeNriI meKTeyepre ue: O1piHI )KyHeHIH ChI3bIKTHIIBIFB MEH 1Ty AbIH
rayCCHaHJIBIK YJECTIpiMiH OOJKalbl, €KIHIIICI Tepe3e Y3bIHABIFBIHBIH >KapThICHIHA TEH
dazanplk  Kemnry TyFbizaabl.  Kiaccukanblk — TocunaepaiH  emlipi  (DU3HMOIOTHSIIBIK
CUTHAJIJIAP/BIH TapaMeTpiep apayiblK KOPPEISIUSIapbiH TIKEIeH eCKepe aJMambl, ain Oy
KOPpEISAIUsIIap MaHbI3/bl TUAarHOCTHKAJIBIK aKmapaT Tacuabl. OcbiFaH O0aiIaHBICTHI 3aMaHAYH
TEPEH OKBITY apXUTCKTypallapblH — TapaMeTpiiep apachlHAarbl OalaHBIC KYPBUIBIMBIH
Mozenbaeyre kaoinerti Graph Attention Network (GAT) [2] oHe 11yJbl CUTHAIAAP B AKOFAPbI
carnalibl CTOXaCTUKaNBIK cy3yre MyMKiHAik 0epeTiH Denoising Diffusion Probabilistic Models
(DDPM) [3] — koJmaHy 3epeneHye.

Ocwl 3eprreyaiy MakcaTtel — loT paTyuKTepiHEH anblHFAH YHKbl (DU3HOJOTHSIIBIK
napameTpiiepin Ttangayra apHanraH GAT-DDPM ruOpuaTik apXWUTEKTypachlH d3ipley,
HKCIIEPUMEHTTIK Oarajay KoHe YChIHBUIFaH TOCUI1 KJIACCUKAIIBIK CY3Y 9/1ICTEPIMEH CANIBICTHIPY
O0mbIn TaObLIaAbl. OChl MaKcaTKa KETY YILIH MbIHAIal MIHJIETTEp MIenIiie/l: (U3noIoTusIIbIK
napameTpiepaiH MaTeMaTHKaJdblK CUlaTTaMachkl MEH HOPMAaJIM3alUACH; KOPPEIsIus
MaTpHIackl MeH rpad KypbuUTbiMbIH jkacay; GAT Hazap aygapy MexanusMmiH icke aceipy; DDPM
mubdys3usnplk  npouecin  monensaey; MATLAB/Simulink  opTaceiHma — cambicThIpMaltbl
AKCIEPUMEHTTEP KYPri3y koHe MoHTe-Kapio ofiCiIMEH CTaTUCTUKAIIBIK TEKCEPY.

2. TeopusiIbIK Heri3ep MeH dicTepre MIOJY

2.1. Yuxpinoviny pusuonocuanvik napamempiepi HcoHe 0aapovlyy MamemMamuKkaivlk
cunammamacsl

AMepUKaH]IbIK YUKl MEIUIIMHACKHI aKkaieMUsIChIHBIH (AASM) kikTeMeciHe ColKec ajam
yHKbICHI Oec (azara Oemineni: W (osty), N1, N2, N3 (tepeH viikbi) xxone REM [4]. Op dazana
(bU3MONOTUAIIBIK TapameTpiiep Oenrii Oip nuana3zonaa 6onaabl. Ocel xxymbicTa [0T naTuukTepi
TIPKEUTIH TOPT MapaMeTp KapacThIpbuiaabl: Xypek cory skuimiri HR (Heart Rate, cor/mun),
TeIHBIC amy >kuiniri RR (Respiratory Rate, TeiHbIC/MUH), IEpU(EPUSIIBIK IEHE TEMITEPATypachl
Temp (°C) xxoHe Ko3Fanbic Oencenaitiri Motion (akcenepoMerp OipIiKTepi).

ATanFaH mapaMeTpIiep KUBIHBI )KYHEHIH KYH BEKTOPBIH KaJIbIITACThIPAIbI:

X(t) = [HR(t), RR(t), Temp(t), Motion(t)]” (2.1)

X(t) BEKTOPBIHBIH YaKbIT OOWBIHINIA TUHAMHUKACH! YIKBI (ha3achlH aHBIKTayFa MYMKIH/IIK
oepeni. N3 tepen yiikel (azaceiama HR 50—60 cor/mun, REM da3aceiaga 65-80 cor/mMuH
oonanpl. Cay epecek agamMHBIH YHKBI KE3IHIET1 THIHBIC aiy >KuAUIri 12-20 ThIHBIC/MHUH
nuanazoHbiHmaa. Temmeparypa vidkel Oacranranma  0.3—0.5°C  temennmeiinmi. Kosrambic
oencenainiri REM-nen 6acka 6apibik ¢azana muaumanasl 0omansl. HR men RR MAX30102
doTomneTusMorpagusIbIK gaTyukieH, temneparypa MLX90614 nmH]pakbi3pll 1aTYUKIIEH,
kosransic MPU6050 MEMS akcenepoMeTpiMEH OJILEeHE/I].

2.2. Graph Attention Network

Graph Attention Network (GAT) — 2018 xbuiel VeliCkovi€ xoHe aBTOpiiap YChIHFaH
rpad HEUPOHBIK XkenmiciHiH apxutekTypachl [2]. Knacukansik GNN-ge kepiiisiec Tedenepaiy
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OeNTijepiH KUHAKTAY TEH CaJIMaKTApPMEH JKy3ere achlpbuiathiH 6oica, GAT oky OapbichiHIA
Ha3zap ayJapy MeXaHH3Mi apKbUIbl op KaObIpFaHBIH MAaHbBI3IBUIBIFBIH JUHAMHUKAIBIK TYpIAC
aHbIKTalapl. Byl KacueT (U3MONOTHMSIIBIK MapaMeTpiiepMeH >KYMBIC >KacaraHja alpbIKIIa
MaHbI3/Ibl, OTKEH1 OJap/IbIH apacbIHAarbl Koppesusiiap Oipkenki emec: HR—RR »xy0Os1 yirin
[Mupcon ko3 dunuenti r = 0.92, an Motion—HR ymin tex r = 0.29.

I'padp G=(V, E, W) MbIHagaii Typjie aHbIKTanaabl: V — QU3HONOTUSIIBIK TapaMeTpiepre
colikec TeOenep KubIHbI, E —1;; = 6 wmapThl OpbIHAAIFaHIA OPHATBUIATBHIH KaObIpFasap
xublHbl; W — Tlupcon koppemsius kodpduimentrepi Oonbim TaOBLIATHIH KaObIpFa
caJMaKTapbIHBIH MaTPHUIIACHL. (1, ]) TeOenep KyObl YIIIiH HopMaIn3alusUIaHOaFaH Ha3ap ayJaapy
ko3 unreHTi MpiHaAal hopmyta OOHBIHIIA ecenTeNe/I:

e;j = LeakyReLU(a” - [Wh;||Wh;]) (2.2)
MyHAa h; — i-mi TeOeHiH Oenri BEKTOpbl, W — OKBUIATBIH CBHI3BIKTHIK ITPOCKITUS
MaTpHUIachkl, a — Ha3ap ayjapy MEXaHH3MIHIH NapaMeTpjep BEKTOpHI, || — KOHKaTeHAIIUs

onepanuscel. N; TeOeciHIH MaHaiibl OOWBIHINIA Hazap ayaapy KodDPUIMEeHTTEpiH
HOpManu3anusiiay softmax QyHKIMSICHI apKbLIbI OPBIHAATA/IbL:

_ exp(e;;)
Yken; exp(eix)

(2.3)

ij

1-1111 TOOCHIH >KaHAPTHUIFaH O€Jri BEKTOPHI Kopiiijiec Todenep OenriiepiHiy caIMaKThIK
YKUHAKTAYbI APKbIJIbI aJIbIHAIBI:

JEN;

OKpBITYIBIH TYPAKTBUIBIFBIH apTThIpy YyiniH K = 4 6ac cansiMen multi-head attention
KOJIIaHbLIa/1bl, OYJI peTTe JKeKeJlereH OacTapIblH HOTHXKEJepl KOHKaTeHalMsUIaHaIbl. by Tocin
MOJIEJIbI'€ YHKBI MapaMmeTpiiepl apachblHIarbl OalJIaHBICTAPIBIH OPTYPJl aCHEKTLIEpiH Oip
Me3rulie YUpeHyre MyMKIHIIK Oepe/.

2.3. Denoising Diffusion Probabilistic Models

Denoising Diffusion Probabilistic Models (DDPM) — 2020 xwbuis1 Ho, Jain sxone Abbeel
YChIHFaH T€HEPATUBTIK BIKTUMAJIBIKTBIK MOJEbAEP Kiackl [3]. DDPM-HiH XyMbIC IPUHITUII
€Ki e3apa Kepl MapKOB IMpPOIIECIHE HETI3AeNe/i: Typa Mpoiec — OacTamnKbel IEepeKTepre
rayCCHaHJBIK IIyJbl Kajgamjaamn KOCy, Kepl TpOoIeC — OKBITHUIFAH HEUPOHJBIK KETIMEH
CUTHAJIJIBI UTEPAIUSIIBIK KAJITBIHA KETIPY.

T xamam y3aKTHIFBIHIAFBI Typa MPOIIECC MAPTTHIK YISCTIPIMIMEH aHBIKTAJIa bl

q(xe |xe—1) = N(xti V1I=Bt-xe_q1,Be - I)#(2-5)

MyHAa ff; — Iy JAUCHEPCHUSICBIHBIH MOHOTOHJIBI ©Cy mapaMmeTpi. MapkoB Ti30eriHig
KACHETIH MaiiiaiaHa OThIPBII, X; MOHIH TIKEJIEH Xy apKbUIbl O@PHEKTEYTe OOIaIbI:
Xy =Jap - xg ++/1—3a;-€,~N(0,1) (2.6)

myHaa o t = I1 {s=1}"{t} (1 — B_s). Kepi nportecc 6omkanran >koHEe HAKTHI ITyIbIH
apachIHIAFbl  KAIBIKTHIKTEI ~MHHUMHU3ANMSIIAYFa OKBITBUIATHIH ~ HEWUPOHABIK  JKEIIMEH
napaMeTpIieHeIl:

2
Lpppm = Etxge [ ”5 - 59(\/5_15 ‘xXg +4/1—a; ¢ t)” ] (2.7)
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-
Ocpl xyMbICTa 1IyI6I XKocmapiuayaa [10]-na yeeiasiran cosine schedule konganbimaas:
t
cos? (T2 T
1+s 2
a, = ,s = 0.008 (2.8)

cos? ( 5. E)
1+s 2
[oT curnangapei cy3y mMinaeTine KaTeicTel DDPM eki GyHKIUSHBI OPBIHIANIBI: JaTYUK
apTedakTiIepiH KO0 (JICHOU3UHT) )KOHE HAKTHI IEPEKTEP KETKUTIKCI13 O0IFaH 1a CHHTETHUKAJIBIK
OKBITY VATUIEpIH TeHepanusiiay. byn eki QyHKUMS J1a KIACCHKAJBbIK CY3y OMICTEpiHAC
KOJDKETIM/I1 EMEC.
3. 3eprTey amicremeci
3.1. /lepekmepoi nopmanuzayusanay
[oT natuukTepiHiH AepeKTepl opTypil emmieM Oipiaiktepinae keneai: HR — cor/mun, RR
— TheIHBIC/MHH, Temp — Ilenbcuil rpagyceiMeH, Motion — akceaepoMeTp MapTThl
OipaikTepiMEH. MalMHaIbIK OKBITY MOJENbAEPIHIH AYPBIC KYMBIC aTKapybl YIIIH OapibIK
napameTpJiep Z-Score HOpMaJIM3alHsaChl apKbUIbl O1pbIHFall MacIITaOKa KeATIpUIE:
X —

Xnorm = (3.1)

o
MYHJIa || — TaHJaMa OpTallackl, ¢ — CTaHAAPTTHI aybITKy. HopManuzanusanan kein
MaTeMaTUKAJIBIK KYTIM HeJre, qucrepcust Oipiikke TeH Oonanbl. 1-kecrene HR mapamerpinig

HOpMAaJIM3aLMs aJIJIbIHAAFbI )KOHE KEHIHT1 CTATUCTUKACHI KEJITIPLITEH.

1-kecte — HR mapameTpid HOpMAJIU3aLMAIAY CTATHCTHKACHI

CratucTuka Hopmanuzanusira neitin Hopmanuzanusanan
KeHiH

Oprama MaH (1) 68.0 cor/mMuH 0.000

CranaapTThl aybITKY (O) 8.42 cor/mMuH 1.000

Munumym 48.3 cor/mMuH —2.34

Makcumym 83.7 cor/mMuH 1.86

3.2. KoppeasiuMsuibIK TaJaay
OuU3MOJIOTUSIIBIK TTapaMeTpJIep apachlHaFbl OaillaHbICTapIbl CaHJBIK Oaranay YIIiH
[Tupcon xkoppessiius KodPpHUIMEHTI KOIAaHbLIa IbI:

L Y0 — %) (% — %))
ij —
\/[Z(xi - %)% - %(x — fj)z]

Hopmanuzanusutanran aepexrtep 0oibiama R = corr (X, orm) KOPPEISIHsS MaTPUIIACHI
ecenrengi. Hotmkenep 2-xecrene OepinreH. ryggr = 0.921 koddduumenti yikpl KesiHae
MyJIbC TIEH THIHBIC ajy KHUUITIHIH CHHXPOHJIBI ©3TePETIHIH pacTaWThIH OTe€ KYIITI OH

Koppensinusabl outnipeni. Motion—HR xy0wer (r = 0.287) 6 = 0.5 miexTi MOoHIHEH TeOMEH
OonraHnbIKTaH, THICTI KaObipra GAT rpadbiHan anbIHBIT TacTala kL.

(3.2)
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R
2-kecTe — (I)I/ISI/IOJIOI‘I/IHJILIK MmapamMeTpJIep Koppeasanus MaTpUIacChl
[TapameTp HR RR Temp Motion
HR 1.000 0.921 0.634 0.287
RR 0.921 1.000 0.698 0.412
Temp 0.634 0.698 1.000 0.501
Motion 0.287 0.412 0.501 1.000

3.3. I'pa¢ KypbLIBIMBIH Kacay

Koppemsmst matpuniacer Heriziane G = (V, E, W) rpadsr xacanaasl, myaga V = {HR,
RR, Temp, Motion} — Tebenep >kublHBL. I[prenecTik Marpuua IIEKTI MOH €peKeCIMEH
aHBIKTAJIA]IbI:

Aij=rig-I(rij=0)-(1-01i) 6=05 (3.3)

myHaa O 1) — KpoHekep cuMmBoJIbI (TIeTiaiIep i anbin Tactaiasl). 6 = 0.5 ke3innge rpadxa
MbIHaAak KaOeipranap kipeai: HR-RR (r=0.921), HR-Temp (r = 0.634), RR—Temp (r = 0.698),
Temp—Motion (r = 0.501). RR—Motion (r = 0.412) maprraH ©THNEreHAIKTEH AaJIbIHBIIM
tactanaabl. HoTmwxkecinae rpad 4 tebeneH xoHe 4 KaObIpragaH Typaabl. TeOenepsain Oenri
BEKTOpJIapbl KbUDKbIMAJbl YaKbIT TEPE3ECIHIETT HOpMalIM3alMsUIaHFaH JEPEeKTep/IiH opTalia
MaH1 petinae anbikTananel: h {HR} =1.24, h {RR} =0.87, h {Temp} = 0.52, h_{Motion} =
—0.31.

4. GAT-DDPM ru0dpuarik MoJeJIiHiH apXUTEKTypPachl

¥YchIHBUTFAaH THOPUITIK apXHUTEKTypa NepeKTepAl eHACYIIH Oeckagamabl KOHBEHEpiH
icke acelpanpl. bipinmi  ke3eHnae loT  parumkrept X raw(t) IMIMKI3aT BEKTOPBIH
KaJblTacTeipazpl. Exinmni  ke3eHae (3.1) epHeri OoHbIHIIA Z-SCOT€ HOPMATU3AIMUSICHI
opbiHAaNaael. YriHm ke3enae DDPM nrynbsl curHanbl CTOXaCTUKANBIK CY3iMl, Ta3apThlIFaH
X clean maccuBin O6epeni. TepTiHmn ke3eHae Koppensius Marpunackl ecentenin, G rpadst
xacananpl. becinm ke3enne GAT Hazap aymapy MexaHu3MiMeH rpad KaObIpraiapbiH
KHHAKTAI, X COHFbI OaraaybIH IIBIFAPALIBI.

bipnecken mbIFbiH GyHKIUSICHL:

L total=41-L GAT + AL DDPM =0.7-L CE+0.3-L MSE (4.1)

myHna L CE — yiikel (aszanapein kikTeyneri kpect-surporus, L MSE — mry
Oo/DKayABIH OpTalia KBaJIpaTThIK Kareci. M = 0.7 canmak KodDPHUIHUEHTI KIKTEY
TarchlpMacbiHa 0ackIMIBIK Oepce, A2 = 0.3 DDPM koMnoHEHTIHIH Ta3ajiay canachIHbIH JKaJIlbl
OHTaNJIaHBIPYFa YJIECIH KAMTAaMachl3 €Te/Il.

¥YChIHBUTFAH ~ apXUTEKTypaHblH Oap TocUIAepAeH TyOereisii  alblpMalllbUIbIFbI
KOPPEISLMSIIBIK  TaJljay JEpeKTepl Heri3iHAe MapaMeTpiiep apajiblK OaljaHbICTap/IbIH
TOTIOJIOTUSICBIH TiKeJel Mozenbaeyinae xkatelp. Ctangapttel apxurektypaiap (LSTM, CNN)
KOTOJIIIEM/TI CUTHAJIBI TOYEJICI3 YaKBITTHIK KaTapiap peTiHAe KapacThIpaasl HEMece apHajap
OOWBIHIIA OpTamiajanfraH caiMakTaynbl KojmaHaabl. GAT KOMIIOHEHTI, KepiciHIe,
(GUBHONOTUANBIK  TIapaMETPJIEPIIH  aFbIMJIaFbl  JKarjaiibiHa OalJIaHBICTBl  KUHAKTAYIbIH
caJMaKTapblH THHAMHUKAIIBIK TYpAC OCHiMIeH/II.

4.1. GAT na3zap aynapy ko3¢ puumMeHTTepiH ecenrey

a = [0.6;0.4]",W =1 Gonranna HR-RR sxome HR-Temp kaOwipramapsl ymin HR
TeOeCIH/IeT1 HOpMaTu3alusIaHOaraH Hazap ayaapy ko3 uimeHTrepi:
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eyrrr = LeakyReLU(0.6 X 1.24 + 0.4 X 0.87) =

LeakyReLU(1.092) = 1.092 (4.2)
eyrTemp = LeakyReLU(0.6 X 1.24 + 0.4 X 0.52) =
LeakyReLU(0.952) = 0.952 (4.3)
Softmax HOpManM3aIMsAChIHAH KEeHiH:

___ e 2980 ks 44
HRRR = 51092 1 00952 ~ 2080 + 2.591 (44)
aHR’Temp == 1 - 0535 == 0465 (4‘5)

HR TebeciniH )kaHApTHUIFaH O€JT1 BEKTOPHI:
hyr = 0.535 X 0.87 + 0.465 %X 0.52 = 0.465 + 0.242 = 0.707 (4.6)

Ocbunaiima, HR Oenricin  sxaHapTy ke3inge RR Oaiinmanbickina  53.5%, Temp
OailanbpiceiHa 46.5% canmak Oemnineni. Hazap aynapy ko3¢ GULMEHTTEpIHIH albIHFaH 0eiHY1
(U3HOJOTUAIIBIK TYPFBIJIAH HET13JIETeH: MyJIbC MEH ThIHBIC aly KULIIT1 YHKbI (ha3anapblHbIH
aybICyblHa CUHXPOH/BI jKayarl 0epeil, OyJ1 olapblH )KOFapbl KOPpeauus Ko3pPpuuueHTiMeH
pactanazsl (r =0.921). GAT nazap ayaapy Ko3)PUIHEHTTEPIHIH TOJBIK MAaTPUIIACK 3-KECTe e
KEJITIPLJITEH.

3-kecre — GAT nHa3zap aynapy ko3¢ duumneHTTepiHiH MaTpruace! (o _ij)

1\]j HR RR Temp Motion
HR — 0.535 0.465 0

RR 0.482 — 0.518 0
Temp 0.312 0.391 — 0.297
Motion 0 0 1.000 —

4.2. DDPM runepnapamerpJiepi
DDPM icke acwipybinza cosine noise schedule (2.8) 6ap T = 50 nuddys3us kamambl
KOJIIAHBLIaIbl. 4-KECTe/Ie MOJICIIb/IIH HET13T1 TUIeprapaMeTpiepl OepiyireH.

4-kectre — DDPM runepnapamerpJepi

[Tapametp Moan Herizneme

Kamam caner T 50 JKbIimaMIbIK [eH cara OajJaHChl

1 (6acTankpr) 0.0001 bacTankpl 11y 1b1H a3abIFbl

B_T (coHuFrbl) 0.0182 Cosine schedule MakcuMyMmBbI

[y kecreci Cosine CBhI3BIKTBI/IaH JKOFapbl HOTHKE Oepei
[10]

[enounsep Gaussian kernel U-Net-TiH )EeHUAETIATeH HYCKAChl

Kocna xo3¢. a 0.85 Over-smoothing-Ti Gonasipmay

CoHFBI Ta3apThUIFaH CUTHAJ JECHOM3ZMHI HOTHMIXKECI MEH HIyJIbl KIPICTIH CaIMAaKTBIK
KOCIAChl apKbUIbI KAJTBITITACAIBI:
XppPM = 0.85 - Xdenoised T 0.15- Xnoisy (4‘-7)
0.85 xocma xko3(pduimenTi (U3NOIOTUSIBIK MaHBI3BI 0ap CUTHAIIBIH KbUIIAM
©3TepICTEPIHIH IaMa/iaH ThIC TETICTETy1H OO ABIPMAaN/IBI.
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5. DkcnepuMeHTTIK 06J1iM

5.1. dxkcnepumenm sxcazoaiinapul

Okcnepumentrep MATLAB R2024a oprackiHma >Kypriziagi. OnicTep OHIMILIITIH
Oaranay YIIiH 8 CaFaTThIK YIUKbI CUMYJISIIUSCHI )KacalAbl: TUCKPETTEY JKULIIT1 O1p HYKTe/MUHYT
oonateia 480 nepekrep nykreci. Ly tuni — AWGN (Additive White Gaussian Noise), Heri3ri
sKcriepuMeHTTep cepusichinnarbl neHreii SNR = 15 nb. KocsiMina petinge xorapsl my (SNR
= 10 nb), oprama (SNR = 20 nb) xone toemen (SNR = 30 nb) xarmaitnapel ga 3epTrenii.
bactankpe! Taza HR curnanst AASM-re coiikec YIKbI Ke3eHIEPiHIH aybICybIHA COMKEC (pa3alibIK
eTyJIepl 0ap CHHYCOMIAJIIBI IIPOLIECC PETIH/IE MOJICIbICH]/II.

Canpicteippiiatbia ofictep: (1) Q = 0.01-1 sxone R = 0.1-1 marpunanapsr 6ap Kanman
cysrici; (2) M = 10 mykTemik Tepeseci Oap Ko3raimainbl opTamia; (3) 4-0emiMae cunaTTaaraH
apxutekrypacel 0ap GAT; (4) 4-kecreneri mapametpiaepi 6ap DDPM. Op omic Simulink
mozeningae (sleep gat ddpm.slx) skeke MATLAB Function 6510Tel peTIHIE 1CKE aChIPBLIBIII,
HOTIDKENepAl Oip Me3rule BU3yalu3alusiiayra apHalraH OecapHalibl Scope KaMTamachl3
eTLIAI.

Cy3y canacelH Oaranayaa MbIHaJail METpUKaJIap KOJJAHbUIIbL:

1
MSE = () 20, Gt — 20’ (5.1)
RMSE =MSE (5.2)
MAE = () Zal — %l (5.3)
10 Ix2
SNR,,: =10 -log <Z(xn — fn)2> [nB] (5.4)

5.2. CanbicThIpMAJIBI TANAAY HITHKEJIEPI
S5-kectene SNR = 15 nb kesinmeri HR curnanel OolbIHIIA TOPT 9MICTI CAJBICTHIPY
HOTIKEJIEp1 OepiIreH.

5-kecre — Cy3y canacbiHbIH MeTpuKajaapsl (HR curnagasi, SNR = 15 n1b)
Mertpuka Kanman Mov.Avg GAT DDPM
MSE (]) 0.0842 0.3471 0.0156 0.0089
RMSE (]) 0.2902 0.5892 0.1249 0.0943
MAE (]) 0.2241 0.4812 0.0987 0.0712
SNR msirsic (1b7) | 18.7 12.4 22.1 25.8
Ecenrey yakbIThI 0.8 0.1 12.4 38.7
(mc)

5-kecte aepekrepineH DDPM 06apiblK 01K METpUKalapbl OOWBIHINA V31K HOTHXKE
oeperini meiraasl: MSE = 0.0089, RMSE = 0.0943, MAE = 0.0712, SNR = 25.8 nb. Kaiiman
cy3riciMen canbicThiprana MSE 9.5 ece, Ko3ranmanbl opTamiaMeH caiblCThipranaa 39 ece
temenneii. GAT MSE = 0.0156 notmxkecin Oepeni, 6yn Kamman cysriciHen 5.4 ece,
KO3FajaMaJbl opTaiaas 22 ece xxorapbl. ConbiMeH Katap DDPM eH xofapsbl ecenTey yaKbITbIH
Ka)KEeT eTeTiHiH atan oTy kKepek (38.7 mc), Oy kepi qudGy3usiiblK nporecTid T uTepanuschiH
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OpbIHayFa O0alIaHBICTHI )KOHE KAaTaH JIATCHTTI TajanTapbl 0ap HAKThI YaKbIT KYHEJICPIHIC OHBI
KOJITAHYIbI EKTCH/II.

5.3. MonTte-KapJio TocisiiMeH Tekcepy

HotmxkenepiiH CTaTUCTHKANBIK TYPAaKTBUIBIFBIH Tekcepy yiuiH Monrte-Kapno Ttacimi
konmaubuLibl: SNR-1iH Tept nenreiinme (10, 15, 20, 30 1b) N = 300 Toyenci3 cuMyssius icke
KOChUIABL. bapibik icke Kocymap OolibiHIa opramananran MSE moHmepi 6-kectene OepiireH.

6-xecte — MonTe-KapJsio cumyasinusicblHbIH HOTHKeIepi (N = 300), MSE

SNR «ip. (ab) Kanman Mov.Avg GAT DDPM
10 0.4120 1.2480 0.0891 0.0342
15 0.0842 0.3471 0.0156 0.0089
20 0.0341 0.1823 0.0072 0.0031
30 0.0089 0.0612 0.0019 0.0008

Korapel my nenreiigae (SNR = 10 nb) DDPM-HiH apThIKIIBUIBIFBl aWKBIHBIPAK
kepineai: MSE = 0.0342, Kanma# cy3riciMeH caiblcThiprania 12 ece, Ko3raJMalibl OpTalllaMeH
canbicThIprana 36 ece sxorapel HoTHKRe. GAT na aiftapnbeikrait TypakThuiblK (MSE = 0.0891)
kepcetin, Kanmannan 4.6 ece acanpl. bapnwik omicrepaid MSE moniniH SNR eckeH caiibiH
MOHOTOH/IbI KEMY1 1CKE€ aChIpYAbIH TYPHICTHIFBIH pacTaibl. 300 icke kocy OotibiHIa MSE-HIH
IIaFbIH JUCTIEPCUSCHl (CTAaHAAPTTHI ayBITKY OpTallaHblH 5%-HaH acmaijibl) HOTHOKEIEepAiH
CTATUCTUKAIIBIK CEHIMIUTITIH JIQIEIICH/II.

6. Hotmaxesiepai Tannay

AJNBIHFaH 3KCIEPUMEHTTIK JAEPEKTEp 3€PTTEIreH 9IICTEPAIH CaIbICThIPMANbl THIMILIIT]
Typajibl MbIHaJall KOPBITBIHABUIAP HIbIFapyFa MYMKIHAIK Oepeni. Ko3rammansl oprama icke
acelpy okeHinmiri (0.1 Mc) >karblHaH J>KOHE €CeNTey IIBIFBIHAAPhl TYPFBICBIHAH €H
apTHIKIIBUIBIKTBI OOJIBIN TaObLTa/bI, ajlaiijla OHBIH AANAIr (a3anblK KeuirymeH — M/2 = 5
HYKT€ — alTapibIKTall IIEeKTeNreH, Oy YHKbl ¢aszanapbl apachlHIaFrbl OTKIp OTYyJep.l
aHBIKTayJ1a >K0J1 OeplIMeNTiH xaraail. KaamaH cy3rici ofici3 1y skar1aiiblH1a KaHaFraTTaHAPJIbIK
HOTHXKE Oepelll )KoHe jkayall Oepy yakbITblHAa KaTaH TalanTapbl Oap >KyWenep YUIH OHTAMIIbI
TaHmay OO TaObUTA/BI, ajlaiijla OHBIH HEri3rl KEeMIIUNr — TapaMeTpiep apajblK
OaiiaHbICTap/Ibl €CKEpE aIMaYhl.

GAT mnapameTpiep apachblHAAFbl KOPPEISIUSIIBIK KYPBUIBIMIBI TIKEJIEH MOCIbACY
apKBUTbI KJIACCUKAJBIK OMICTEP/iH €KEYyIHEH ¢ MPHUHIMMTI apTHIKIIBUIBIK KepceTeni. Hazap
aylapy MeEXaHu3Mi TapameTpiiepAiH aFbIMIarbl MOHJACpPIHE OailIaHBICTHI KUHAKTAYIbIH
caJIMaKTapbIH OCHIM/II Typ/ie Kalita 6esei, OyJ1 aBTOHOMIBI HEPBTIK PETTEYIH (hazara Toyesii
JUHAMUKAChl Typasibl HEWpOPU3MONOTHSIBIK JAepeKkTepre colkec keneni. Meicanbl, N3
dazaceiHaa o {HR,RR} xoaddurmenti 6onpcrBoBanue ¢dazachiMeH CabICTHIPFaHIa apTabl,
Oyl TepeH YWKBIIarbl KapAUOPECHUPATOPIIBIK ©3apa 1C-KUMBUIJBIH KYIICIOlH OelHemneiai.
GAT-TbIH ecentey WbIFbIHBI (12.4 MC) 3aMaHayu €HT13UINeH Mpolieccopiapia HaKThl yaKbITKa
KYMcakK TajanTapbl 0ap xyhenepre iCKe acblpyfra MyMKIHJIIK Oepei.

DDPM kepi nuddy3usnbiK OpOUECTiH CTOXAaCTUKANIBIK CUIAThl apKAChIHA €H >KOFapbl
CY3y camachlHa KOJI JKeTKi3e/ll, OYJI IIyJIaHy Ke31H/€ KOFallFaH CUTHAJIJBIH HO31K KYPBUIBIMBIH
KaJmblHa KenTipyre MyMmkiHAik Oepeai. Cosine noise schedule nuddy3usansix xagampap
OOMBIHIIIA CUTHAJ Typajibl aKImapaTThl O1pKeKi 06Tyl KaMTaMachl3 €Til, ChI3BIKTHIK KECTEMEH

103



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

CaJBICTRIPFaHa KalmblHA KENTIpy camacklH apTreipanbl. 0.85 kocma koaddurmenti (4.7
dbopmynacel) (GU3HOIOTHUSIBIK MaHBI3ABl JKBUIIAM CUTHAJI ©3TepICTepIHIH IMamMaJaH ThIC
TEricTeNnyiHe Ko OepMENTIH KOMIIPOMHCCTIK mapameTp 60bin Tabbutaasl. DDPM-HiH Heri3ri
IIEKTEY1 — KOFaphI ecenTey MIBIFRIHBI (38.7 MC), amaimna OyJ1 qepeKTepai MOCTOHIEY HeMece
anmapatthIK yaeTy (GPU/FPGA) cuienapuiiine KoJaiibl 00N TaObLIa b,

GAT-DDPM rubpuarik apXuTeKTypachl €Ki KOMIIOHEHTTIH J€ KYIITI >KaKTapblH
oipikTipeni: DDPM >xoraphbl canainbl Ta3apThUlFaH CUTHAJ Kajbintacteipca, GAT napametpep
apaJibIK OalimaHbICTap bl YHKBI (ha3anapbiH TiKeIeH )KIKTeyTe xKapaM sl OipbIHFai rpad TypiHe
KypbuUtbiMaaiibl. (4.1) epueringeri M = 0.7, A2 = 0.3 koo duniuentrepi 6ap 61pJeCKeH UIBIFbIH
(GYHKITUSACH €Ki KOMIIOHEHTTI JIe TeHJIECTIPUINeH OHTaUIaH IbIPY/Ibl KaMTaMachl3 €Te/Il.

ABTOMAaTTaHIBIPEUTFAH OacKapy JKyHesepi TYPFhICBIHAH YCHIHBUTFAH TOCUT ICHCAYITBIKTHI
OakbLIayIbIH KHOEp-(PU3UKAIBIK KYHeNepiHae AepeKTepil OHACYAIH UHTEUICKTyalabl OJIOTHI
petinae KoanaHbutybl MYMKIH. GAT-DDPM apxutekTypacblH «OYITTBIK OHIECY» CXEMAaChl
ooripiHIa [0T xylieciHe MHTErpalMsiay €CeNTey IIbIFbIHBIHBIH MIEKTEYJIEPIH JKEHII, apHaibl
XKaOJBIKChI3 KIIMHUKAIBIK MaHbI3bl Oap YUKbI (a3anapblH >KIKTEY AQIIIINIH KaMTaMachl3 €Te
aJaJpl.

7. KOpbITBIHABI

Ocnol xympicTa 10T maTuuMKTEpiHEH albIHFAH YHKbI (DU3HOJOTHUSIIBIK TMapamMeTpiiepiH
tangayra apHanraH GAT-DDPM ruOpunrik apXWUTEKTypachl 93IpJeHIN, HKCIEPUMEHTTIK
3epTTeial. ¥ChIHBUIFAH TOCUT KemesmeMl (PU3n0NIOTHsUIBIK CUTHAIIAPABIH KOPPEISITUSIIBIK
KYPBUIBIMBIH TIKEJIEH MOJENbCY /1l KaMTaMachl3 €TETiH rpad Hazap ayaapy MEXaHU3MiH KOHE
IIYJBl IEPEKTEP/Al KOFaphl camalibl CTOXACTHUKAIBIK CY3yHl ICKE achIpaThiH TUD(Y3USIIBIK
BIKTUMAJJIBIKTBIK MOJCIBI1 O1pIKTIpE/Il.

MATLAB/Simulink opraceinaars! canbicTeipMaisl 3xkcnepumenTrep SNR = 15 ab kipic
nenreiiinae DDPM MSE = 0.0089 xone mbirbic SNR = 25.8 n1b kamTamachk3 etetiHiH, ain Oy
Kanman cysricinen MSE kputepuiii OoitbiHIIa 9.5 ece jxoHe Ko3ranmainbsl opramanad 39 ece
»KOFapbl ekeHiH kepceTTi. Hazap aynapy mexanusmi 6ap GAT MSE = 0.0156 notuxecin Oepei,
oy Kanman cysricinen 5.4 ece xorapbl. MoHTe-Kapiio TociniMeH cTaTUCTHKAIBIK Tekcepy (N
= 300) kipiCc UIYBIHBIH OPTYPJIl JACHTCMIICPIH/IEC aJbIHFAH HOTHKEJIEP/IH TYPaKThUIBIFBIH
pacTapbl.

3epTTeyaiH TMPaKTUKAIBIK MaHBI3BUIBIFBI OHBI aBTOMATTAHJBIPbUIFAH KAIILIKTaH
JICHCAYJIBIKTHl MOHHUTOPHUHTLIICY JKYHENepiHIe KOJAaHy MYMKIHIITNIMEH AaHBIKTaJabl:
YCBIHBUIFAH apXUTEKTypa KOMMEPIMSUIBIK KUIOTE apHajFaH KypbUIFbLIapMeH yimecimai [oT
KYHeNepiHae JepeKTepal OHICYAIH WHTEIUICKTYaIAbl OJIOTHI PETIHAC KYMBIC aTKapa ajiajbl.
Bbonamrakrarel 3epTTey OarbITTaphl peTiHIAE MbIHAJapabl atan oTyre Oonansi: GAT-DDPM
apxuTeKkTypachlH HakThl [0T kaOJbIFEIMEH WHTErpalMsIay KOHE KIMHHUKAJIBIK JICPEKTEPIIe
TEeKCepy; HAKThl yaKbIT PEKHMIHJE *KYMBIC jKacayJlbl KamMTaMachl3 €Ty MakcaTbiHga DDPM
KOMITOHEHTIHIH €CeNTey KYpAETUIriH OHTalnauabipy; 31 curHaniapbiH KOCY apKbUIbl YUKBI
(hazanapblH KIKTEY JAJJIITIH apTThIPY.
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DATA-CENTRIC MACHINE LEARNING FOR CARDIOMETABOLIC RISK
ASSESSMENT

Abstract: Cardiometabolic risk prediction is clinically useful only when the dataset,
target definition, and validation design match the intended decision context. Although many
studies underreport provenance, outcome timing, missingness, unit harmonization, leakage
control, calibration, and subgroup applicability, public clinical datasets are frequently used to
benchmark algorithms. Using publicly available clinical datasets, this research creates a useful
data-centric framework for creating, evaluating, and reporting machine-learning pipelines for
cardiometabolic risk assessment. The clinical question is defined, data provenance and variables
are audited, the prediction target is specified, features are harmonized, split-first preprocessing
and leakage-safe validation are applied, and discrimination, calibration, threshold behavior,
decision-curve utility, and subgroup performance are assessed. Logistic regression, tree-based
models, support vector machines, gradient boosting, ECG models, and EHR-based models
should all be compared using the same data, validation, and reporting guidelines, according to
the analysis, which demonstrates that model credibility is more dependent on the entire pipeline
than on the classifier name. Students, reviewers, and applied researchers can use the resulting
framework to find poor prediction studies, enhance experiments using public datasets, and get
ready for future patient-level validation work.

Keywords: data-centric Al; cardiometabolic risk; cardiovascular prediction; clinical
machine learning; calibration; leakage control; decision-curve analysis

Introduction. Cardiometabolic risk assessment is used to determine who might benefit
from prevention prior to the occurrence of serious cardiovascular events. Age, sex, blood
pressure, body mass index, lipids, glucose, smoking, drug exposure, diagnoses, and occasionally
ECG or longitudinal electronic health record data are all included in public databases. Although
these variables are appropriate for machine learning, they may also cause a model to be misled
if the underlying dataset was gathered for a different administrative, clinical, or educational
reason.

In a model-centered research, the highest-scoring classifier is questioned. A more helpful
question is posed by a data-centered paper: which full pipeline generates predictions that are
still interpretable, calibrated, repeatable, and transferable across patient populations and data
sources? This distinction is important because different clinical constructs are measured by
public cardiometabolic resources. Different questions are addressed by a diagnosis label, a ten-
year event, a self-reported condition, and an ECG statement.

This article's goal is practical. It offers a methodical framework for creating and
evaluating a comparative machine-learning study. Another researcher should be able to
comprehend the clinical issue, replicate the process, detect any leakage, interpret the
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calculations, and determine whether the conclusion is supported by the data in a publishable
report. Publication perspective: A data-centric paradigm for ethical clinical machine learning is
currently the strongest angle. Numerical data, confidence intervals, patient-level experiments,
and external validation are all necessary for a complete original research publication.

Materials and dataset logic. The suggested materials are arranged according to the
kinds of questions they can respond to. Although small diagnostic datasets, such UCI Heart
Disease and Statlog Heart, are helpful for transparent benchmarking and instruction, population-
level claims are limited by their size and sampling strategy. Cohort and screening-style datasets
are more suited for subgroup review, feature engineering, calibration, and class-imbalance
analysis. Data on heart failure outcomes are helpful when careful handling of follow-up time
and outcome timing is required. Richer signals are introduced via ECG and EHR repositories
like PTB-XL, MIMIC-1V, and MIMIC-IV-ECG, but they also raise the possibility of patient-
level leakage and institution-specific shortcuts. It is not appropriate to combine these datasets
as though they originated from a single population. Every source is its own measuring
environment. The source, version, inclusion criteria, outcome coding, measurement units,
missing values, and access limitations should all be noted prior to modeling. Clinical
representativeness is not the same as public availability.

Table 1 should appear here and summarizes the dataset selection logic used in the
proposed cardiometabolic risk framework.

Table 1. Dataset selection logic for the proposed cardiometabolic risk framework.

Dataset family Best use Value for the article Main caution
UCI Heart Disease / Compact diagnostic Easy to rep roduce; uspful Small samples; limited
) for teaching and baseline 1
Statlog Heart benchmarking . external validity
comparison
Useful for prevalence, .
Population screening and missingness, subgroup Survey design and self-
BRFSS / NHANES . . ’ reporting must be handled
survey-style analysis reporting, and feature ..
. i explicitly
engineering
. o Access and cohort
Framingham-style cohort | Longitudinal Better match for future- . .
: . . representativeness require
data cardiovascular risk event prediction .
careful reporting
Heart failure outcome Outcome timing and Useful for mortality or  |. Temporal legkgge 1S casy
. . .. if follow-up timing is
datasets survival-related questions [readmission-style tasks  |.
ignored

FBXL/MIMICIV || ECG or EiRdeved | ot oo el e i nd

MIMIC-IV-ECG risk modeling N & Hon-sp
otential control are mandatory

Data-centric methodology. An organized data audit is the first step in the process.
Demographic, behavioral, examination-based, laboratory-based, medication-related, ECG-
derived, outcome-related, and time-related variables are all given a role. Before training,
variables that express post-outcome care, become available only after the prediction time point,
or immediately reveal the outcome are eliminated.

Prior to scaling or imputation, clinical plausibility is examined. Before calculating body
mass index, height and weight are checked, blood pressure readings are examined for impossible
reversals, and laboratory results are examined for unit discrepancies. Outliers are categorized as

107



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

equivocal, clinically feasible but uncommon, or impossible. Without further clinical reason,
only impossible values are marked to missing or corrected.

Missingness is reported by feature and by clinically relevant subgroup. In cardiometabolic
data, missing laboratory values may reflect care access, disease severity, survey design, or
measurement practice. Complete-case analysis can be shown as a baseline, but the final analysis
must explain how imputation and missingness indicators were used.

Harmonization and target definition. Harmonization maps equivalent clinical concepts
into a common dictionary while preserving original variables for sensitivity analysis. Blood
pressure can be represented as systolic pressure, diastolic pressure, pulse pressure, and
hypertension stage. Body mass index can be derived from height and weight, while raw height
and weight remain available for plausibility checks. Smoking, diabetes, cholesterol, and glucose
are normalized only after their original coding is documented.

The target must be audited with the same care as the predictors. A current diagnosis label,
a ten-year coronary heart disease event, a death event, a self-reported condition, and an ECG
diagnostic statement answer different questions. When possible, the same pipeline should be
tested under alternative target definitions to determine whether the conclusion is stable.

Leakage-safe validation. Leakage control is not a final checklist item; it is a rule of
pipeline construction. Splitting is performed before imputation, scaling, feature selection,
oversampling, threshold tuning, and calibration. In ECG and EHR repositories, patient-level
splitting is mandatory because record-level splitting can allow the model to recognize the same
patient instead of learning generalizable risk patterns.

LEAKAGE-SAFE DATA-CENTRIC PIPELINE

Clinical
question

Dataset < Target e Split & Fit 2 Train Calibrate + Threshold +
provenance definition i first i transforms models ' evaluate report

Validation and test data are never used to fit imputation, scaling, feature selection, oversampling, thresholds, or calibration.

Figure 1. Leakage-safe modeling pipeline and the main operations that must be fitted
only inside the training fold.

Comparative modeling strategy. Nonlinear techniques and transparent baselines should
be part of the model set. Because it offers a clinically interpretable reference model and
frequently works well when variables are adequately described, logistic regression is essential.

The same preprocessing and validation guidelines can subsequently be used to evaluate
random forests, XGBoost, LightGBM, support vector machines, and regularized neural tabular
models.

The pipeline level is where the comparison is done. A complex model that provides a tiny
discrimination increase but unstable subgroup calibration may not be as helpful as a logistic
model with well-defined variables, calibrated probabilities, and leakage-safe preprocessing.
Only when patient-level splitting, label audit, and temporal indexing have been confirmed
should representation learning be introduced to ECG or EHR-derived representations.

Table 2 should appear here and compares model families as complete pipelines rather than
isolated algorithms.
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Table 2. Model comparison is framed as a pipeline comparison rather than as a

leaderboard.

Model family Role in comparison Strength Publication caution
Linearity assumptions

and variable coding

choices must be explicit

Odds ratios, calibration,

Logistic regression Transparent baseline simple audit trail

Captures interactions

Nonlinear tabular Can be poorly calibrated

Random forest . without heavy feature . }
baseline . . without post-processing
engineering
Hich-performin Strong ranking Tuning and leakage-safe
XGBoost / LightGBM g1°p & performance on tabular  [preprocessing must be
structured-data model
data documented
. Margin-based Useful in smaller Probability calibration is
Support vector machine . .
comparison controlled feature spaces [not automatic

Requires patient-level
split, temporal index, and
site-bias review

ECG/EHR Multimodal or temporal | Can exploit waveform
representation model extension and longitudinal signal

Mathematical and graphical evaluation layer. The mathematical layer makes the
article understandable for a technical reviewer. It defines how risk estimates are produced, how
probability error is measured, how calibration is checked, and how a clinical threshold is
selected. The

prediction task is binary risk estimation: for record 1, the harmonized feature vector is X_1
and the outcome isy_11in

{0,1}.

Core equations. Table 3 should appear here and defines the minimal mathematical
evaluation layer required for technical review.

Table 3. Minimal mathematical layer required for a technical reviewer.

Object Equation / interpretation
— — - — - - —
Risk model p_hat i=P(Y_i=1]|x_i)=sigma(beta 0 + beta"T x_1i), where sigma(z) =1/ (1
+ exp(-z)).

z 1) =(x_1ij - mu_j(train)) / sigma_j(train). Validation and test sets never define
mu j or sigma j.

BS =(1/n) sum i (y_i-p_hat 1)*2. Lower values indicate better probabilistic
accuracy.

logit[P(Y = 1)] = alpha + gamma logit(p_hat 1). Good calibration is close to
alpha = 0 and gamma = 1.

NB(p _t)=TP/n - FP/n * p _t/(1 - p_t). This links prediction to a clinical decision

Training-fold scaling

Brier score

Calibration model

Net benefit threshold.
Operating merics ie;;;t1V1ty = TP/(TP + FN); specificity = TN/(TN + FP); precision = TP/(TP

w_c=n/(K * n_c), where n_c is the number of records in class ¢ and K is the

Class weighting number of classes.

Calibration and clinical utility. Discrimination scores show whether the model can rank
patients. Calibration shows whether predicted probabilities match observed event rates. Clinical
utility shows whether using the model at a chosen threshold creates more benefit than treating
everyone or treating no one. For this reason, AUC or accuracy should not be the only evidence
in a cardiometabolic risk article.
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Calibration checks whether predicted probabilities match observed risk Decision-curve analysis links prediction to clinical action

0.10- \

G054 ( NB=TPjn— FP/n x pi/(1 ,,,)l

0.81

0.6
0.00

Net benefit

0.4 4

Observed event rate

-0.05 4

0.2

-8~ Ideal -0.10 4 —— Model
Under-confident Treat all

~—&— Over-confident —— Treat none

0.0

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.1 0.2 0.3 0.4

Mean predicted risk Threshold probability
Figure 2. Calibration curve and decision-curve analysis used to evaluate probabilistic
risk prediction.

Threshold selection. The final threshold should not be selected from accuracy alone. A
lower threshold increases sensitivity but can create false-positive workload. A higher threshold
improves specificity but may miss patients who need earlier intervention. The threshold must
therefore be tied to the intended clinical use case and reported as part of the study design.

Threshold selection changes workload and missed-case risk

1.0 A

0.8 A1

— Sensitivity
Specificity
- Precision

Metric value

0.2 A

0.0 T T T T
0.2 0.4 0.6 0.8

Decision threshold
Figure 3. Threshold-dependent trade-off between sensitivity, specificity, and precision.

Practical use of the framework. When the reader can immediately put the article to
use, it becomes valuable. The intended workflow is straightforward: specify the clinical
question, select datasets that can address it, record provenance, harmonize variables, divide the
data prior to all learned transformations, compare entire pipelines instead of individual
algorithms, and report subgroup performance, uncertainty, calibration, and utility.

For instance, a present diagnosis label is insufficient if the question is about ten-year
cardiovascular risk. Longitudinal results are required. Patient-level splitting is necessary if the
question concerns ECG-derived risk since a single patient may have several ECG data. Survey
design, class prevalence, missing laboratory values, and subgroup calibration become crucial
when the question is population screening.
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This structure helps a student understand the logic of the study, helps a technical reviewer
check whether the model is valid, and helps an applied researcher avoid common mistakes such
as leakage, inconsistent units, target ambiguity, and overclaiming from a small benchmark.

Publication-ready reporting framework. A leaderboard without context should not be
included in a publishable book. The dataset source, audit findings, target definition, harmonized
feature set, missingness approach, validation design, model class, calibration method, threshold
policy, and subgroup behavior should all be reported as a series of decisions. This style enables
the reader to determine if the algorithm or data preparation caused the performance change. This
revised article's structure aligns with a pre-study procedure, tutorial review, or methodological
framework. It would require patient-level trials, numerical data, confidence intervals, and
potentially external validation in order to be submitted as a complete original research
publication. A data-centric paradigm for ethical clinical machine learning, as opposed to a claim
of anew best model, is the strongest publication angle in the absence of those empirical findings.

Table 4. Minimal reporting checklist for a publication-ready methodological

framework.
Reporting item What the reader must be able to verify

Population, prediction time point, outcome, and
intended use are explicit

Source, version, inclusion criteria, units, and access
conditions are recorded

Diagnosis, event, self-report, death, or ECG statement
is not mixed without justification

Splits are created before imputation, scaling, feature
selection, oversampling,
Reporting item What the reader must be able to verify
and calibration
Baselines and complex models use the same validation

Clinical question

Dataset provenance

Target audit

Preprocessing

Model comparison

rules
o Calibration curve, intercept/slope, and Brier score are
Calibration
reported
Clinical utility Net benefit and threshold policy are tied to the use case
Performance and missingness are checked by clinically
Subgroups
relevant groups
N Dataset representativeness and external validation needs
Limitations

are stated

Limitations. This article proposes a methodological framework and does not report new
patient-level experimental results. It therefore should not be presented as evidence that one
model is clinically superior. Its value is the structure it gives to a future comparative study.

Public datasets may be simplified, deidentified, geographically narrow, outdated, or
collected for teaching rather than deployment. Harmonization improves comparability but can
also remove clinically meaningful detail when the original measurement context is ignored. Any
model intended for local use should be validated prospectively or at least externally in a dataset
that reflects the target population, equipment, coding practice, treatment patterns, and clinical
workflow.

Conclusion. Cardiometabolic risk prediction is not only an algorithmic problem. It is
also a data-definition problem, a measurement problem, a validation problem, and a reporting

111



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

problem. Public clinical datasets are useful for machine-learning research only when their
limitations are visible and controlled throughout the pipeline.

The proposed framework gives a clear structure for comparative studies across diagnostic,
screening, cohort, survey, ECG, and EHR data sources. It explains how to audit the data,
harmonize variables, prevent leakage, compare complete pipelines, evaluate calibration and
clinical utility, and communicate limitations. This makes the article more useful to readers
because it explains not merely which model could be trained, but why the resulting evidence
should or should not be trusted.
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BJUSHUE CTPATETU KOHCTPYUPOBAHUSA ITIPOMIITOB HA KAYECTBO
ABTOMATU3NPOBAHHOI'O PEBbIO KOJIA: CPABHUTEJIBHBIN AHAJIN3
HOoAXO0A0B ZERO-SHOT, FEW-SHOT U CHAIN-OF-THOUGHT

AnHoTanusi. B pabote ucciemyeTcsi BAUSHUE CTPATETUil KOHCTPYUPOBAHUSI TIPOMITTOB
Ha Ka4eCcTBO aBTOMATHM3MPOBAHHOTO peBbI0 pull request Ha OCHOBE OONBIIMX S3BIKOBBIX
mozeneil. [IpoBe1éH KOHTPOIUPYEMBI SKCIIEPUMEHT C TpeMsl yCIOBUSIMU — zero-shot, few-
shot (aBa mpumepa) u chain-of-thought (CoT) — na 100 peanbnbix pull request u3 neBstu
Python-penosutopues. [Ipumensimiucs metpuku BERTScore F1 u ROUGE-L, a takxe napHbIit
t-rect 1 d Kosna. YcranoBneno, uro CoT npocturaer Hawmyumux pe3ynbratoB (ROUGE-
L =0,0298; BERTScore =0,8241) u 3Haunmo npeBocxoauT zero-shot (p <0,001; d=0,543).
BrisiBiien a¢dext kpatkoctu: CoT renepupyer HauboJsiee JTaKOHUYHbIE OTBETHI (42,6 cioBa),
OJM3KHe K yeraoBedeckoMy dTajiony (30,5 ciona).

KuiroueBblie cji0Ba: NpOMIIT-UHKUHUPHUHT, PEBbIO KOJIa, OOJBIINE SI3bIKOBBIE MOJIEIIH,
chain-of-thought, few-shot, ROUGE-L.

BBenenue. ABTOMAaTU3UPOBAHHOE PEBBIO KOJIa HA OCHOBE OOJIBIIMX S3BIKOBBIX MOJIETEH
(LLM) sBisieTcst akTUBHO Pa3BUBAIOIIMMCS HAMpaBJICHUEM B MPOrpaMMHON wHkeHepuu [1].
Mopenu, Ttakume kak CodeLlama [2] u DeepSeekCoder [3], cmocoOHBI TeHepUpoBaTh
KOMMEHTApUU K M3MEHEHUSM KOJia B PEKUME HYJIEBOTO MPOMITA, OJJHAKO CHUCTEMATHYECKU
YIYCKAIOT OIMMUOKH JIOTUKH W TPOU3BOAUTENHHOCTH [4]. OgHuM u3 Hanbosee JOCTYITHBIX
CIOCOOOB TOBBIIIEHUSI KauyecTBa IeHEepaluu, He TPeOYyIoImMM JO0OO0yUYeHUS WM BHEIIHHUX
WHCTPYMEHTOB, SIBIIICTCS BBIOOp cTparernu KoHcTpyupoBanus mpommrta. Chain-of-thought
(CoT) mpommrunr, BBeaéHHbi Wei et al. [5], u few-shot oOydyeHume B KOHTEKCTE,
npeiokeHHoe Brown et al. [6], moka3anu 3HaYMTEIbHBIE YIIYUIIEHHS Ha 3ajadax
paccyXAeHHUS W TeHepanud. TeM He MeHee MX CpaBHHTeNnbHas d()(PEeKTUBHOCTH A 3a7adu
peBbto pull request xonuuecTBEHHO He uccieaoBaiack. Hacrosimias paboTa BOCHOJHSET
JAHHBIN TTPOOEI.

Marepuanansl u metoabl. JlataceT copmupoBan u3 155 peanpubix pull request,
coOpannbix uepe3 GitHub REST API v3 wu3 neBsatu oTkpbiThiX Python-penosuropues:
psf/requests, pallets/flask, django/django, scikit-learn/scikit-learn, pandas-dev/pandas,
tiangolo/fastapi, pydantic/pydantic, sqlalchemy/sqlalchemy, celery/celery [7]. Kaxnas 3anuce
conepxut yaubunmpoBanueii diff (yceu€unpiii 10 3 000 CHMBOJIOB) M COOTBETCTBYFOIIHIA
inline-komMMeHTapuil uenoBeka-pereH3enTa. JIBe 3anucu BolaeneHs! kak held-out mpumepst nms
few-shot ycnosus. 13 octaBmmxcst 153 3anuceii cimyuaiino Beiopansl 100 (seed =42). Bo Bcex
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YCIIOBHSIX MCIOJIb30Basiach oaHa Mozaenb — claude-haiku-4-5 (Anthropic), uTto mosBossier
M30UpoBaTh dPPEeKT HOPMYTUPOBKU MTPOMIITA OT MOJICITBHBIX PA3TUIHM.

OnenuBanuchk Tpu ycnosus: (1) Zero-Shot — rtonbko diff ¢ mHCTpyKIMEH «HamUIIHN
KpaTkoe peBbio B 1-3 mpemnoxenusx»; (2) Few-Shot — nBa nmpumepa (diff — xommenTapuit
yesioBeka) nepen 1ueneBbiM 3amnpocoM; (3) Chain-of-Thought — Tpéxmarossiit mpomnt: ar 1
— onucath u3MeHenwus, lllar2 — BeisiBUTH mpoOnemsl, Illlar3 — nHanucaTh QuUHATBHBINA
KOMMeHTapu# (Toabko TekceT nocie «Llar 3:» ucnonap3oBaics Kak TUIOTE3a).

Metpuku: BERTScore F1 (momens roberta-large) [8] u ROUGE-L F1 [9].
Craructryeckasl 3HaUMMOCTb MpoBepsiach napHbeIM t-tectoM (o= 0,05); pazmep >3¢ddekra —
no d Kosna [10]: d <0,2 — ne3naunmsbiii; 0,2—0,5 — manerit; 0,5-0,8 — cpeanwuii.

Pesyabrarbl. B Tabnune 1 npeacrasnens 3nadennss ROUGE-L u BERTScore F1 mo
BceMm ycioBusaM. CoT pmocturaer Hawnydmux mnokasatened mo obeum metpukam (ROUGE-
L=0,0298; BERTScore=0,8241), 3a num cuneayer Few-Shot (ROUGE-L =0,0247;
BERTScore =0,8203) u Zero-Shot (ROUGE-L=0,0213; BERTScore=0,8166). Ilopsmok
CoT > Few-Shot > Zero-Shot ycToituuB /17151 00€UX METPHUK.

Tabuauna 1 — Pe3yjbTaThbl OLEHKHU 110 YCJI0BUAM npoMuTuHra (n=100)

YciaoBue ROUGE-L Cranj. oTKIIL. BERTScore F1
Zero-Shot 0,0213 0,0113 0,8166
Few-Shot 0,0247 0,0146 0,8203
Chain-of-Thought 0,0298 0,0189 0,8241

Tabnuia 2 coaepXuT pe3yiabTaThl MapHbIX t-TecToB. YcTaHoBieHO, uTo CoT 3HaumMo
npeBocxoauT Zero-Shot mo ROUGE-L co cpenaum addexrom (t=—5,43; p <0,001; d=0,543).
Few-Shot Ttaike 3Haunmo mnpeBocxomuT Zero-Shot, Ho ¢ manbiM 3ddexrom (t=—2,52;
p=0,013; d=0,252). Paznuune mexnay CoT m Few-Shot 3maummo (t=—3,06; p=0,003;
d=0,306).

Tadanna 2 — Pesyabtarsl napusbix t-rectoB u d Kosna (n =100, a =0,05)

CpaBHeHue Metpuxka t p d 3Hauumo?
Zero-Shot vs. Few- ROUGE-L —2,52 | 0,013 0,252 (manbIii) Ja
Shot
Zero-Shot vs. CoT ROUGE-L —5,43 | <0,001| 0,543 (cpennmii) Ha
Few-Shot vs. CoT ROUGE-L —3,06 | 0,003 | 0,306 (mamnbIit) Ha
Zero-Shot vs. CoT BERTScore | —5,58 | <0,001| 0,558 (cpemuuii) Ha

BoisBien sddexr kparkoctu: CoT renepupyer Hambonee KOPOTKHE (PUHATHHBIC
KOMMeHTapuu (42,6 cioBa B cpeiHeM), Onkaiiume K yesoBedeckoMy 3tanony (30,5 ciosa),
Tor/aa Kak Zero-Shot mpousBoaut HauboJiee NIMHHbIC OTBETHI (88,3 cioBa). Few-Shot 3anumaer
npoMexxyTouHoe nosoxenue (69,3 cinosa). KoadduirieHTsl MHOTOCTIOBHOCTH OTHOCUTEIBHO
stanona: Zero-Shot — 2,9%, Few-Shot — 2,3x, CoT — 1,4x. Tpéxmarosas ctpykrypa CoT
(GYHKIIMOHMPYET KaK HESBHOE OTpaHMYEHHUE JIWHBL: (PUHAIBHBIA Iar («HAMUIIATE OJHWH
JAKOHWYHBI KOMMEHTApHil») HampaBlsIeT MOJETh K KpPaTKOMY II€IEBOMY BBIBOAY, HYTO
MOBBIIIACT JIOJIO0 COBMAJAMOIINX TOKEHOB C KPATKUM UYEIOBEYECKUM ATATIOHOM U TEM CaMbIM
yiyumaer ROUGE-L [7].
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O6cyxaenne. Ynyumenue CoT mo ROUGE-L (d=0,543) cknaapiBaeTcs U3 ABYX
KOMIOHEHTOB. [lepBBlii — CTPYKTYpHBIN: NEKOMIO3MUIMS HA IIAard MPUHYKIAET MOJEIb
CHayvaja SBHO OINpPEAETUTh CyTh M3MEHEHHUH, a 3aTeM C(HOpMyIHpOBaTh KOHKPETHBII BBIBOJ,
CHIXasi JoJIf0 0000mEHHBIX (pa3. BTopoit — 00yCIIOBICHHBIA MIWHOM: OoJjiee KpaTKuit
TUIOTE3HBINA TEKCT MPU OJJMHAKOBON CMBICTIOBOM TOUHOCTH noxyyaeT 6osiee Boicokuit ROUGE-
L BcrmeacTBME €ro 4YyBCTBUTENIBHOCTH K JJIMHE THUIOTE3bl 4Yepe3 KOMIIOHEHT TOYHOCTH.
PazienuTh 5T KOMIOHEHTHI B paMKax JAHHOTO SKCIEPUMEHTA HEBO3MOXKHO 0€3 KOHTPOJIBHOTO
YCJIOBHUSI C SIBHBIM OTPAHUYEHUEM JIJTUHBI.

Few-Shot ynyumaer Zero-Shot 3a CuY€T CTWIMCTUYECKOrO OTpaHUYEHHMs: JBa
JEMOHCTPALIMOHHBIX IPUMEPa C TAKOHUYHBIMU KOMMEHTAPUSIMH UHIYIIUPYIOT MOJIENB K O0Jiee
KOPOTKOMY BbIBOZY. D dekT meHbIe, ueM y CoT, mockoabKy curHani AByX MpuMepoB ciadee,
4eM siBHasl CTPYKTYypHas JekoMno3unus. [[puMenenne peTpruBaibHO-0TOOpaHHBIX MPUMEPOB,
ceMaHTH4ecku 0m3kux K Tekyemy diff, oxxunaemo gact 6omnee 3HaUMTENBHBIN npupocT [11].

C nmpaktnyeckor Touku 3peHus CoT pekoMeHIyeTcs Kak CTpAaTeTrdsl NPOMIITHHIA 10
YMOJTYaHHUIO B CHCTEMaX aBTOMaTH3MPOBAHHOTO PEBBIO KOJIA: OHA HE TPeOYEeT TOMOTHUTETBHBIX
JTAaHHBIX, BHEITHUX WHCTPYMEHTOB WJIHM JT000yUYeHHs, 00€CIIeYMBACT CTATUCTUYECKN 3HAUNMOE
yIIydiieHue co cpeaHuM 3¢G(HEeKToOM U HESIBHO CHIDKACT H30BITOYHYI0 MHOTOCIOBHOCTH,
ycTpaHsis KoHpayH]l, paHee 3a(UKCUPOBAaHHBIN B OLIEHKE F€HEpalluu peBbIo [7].

3akioueHne.

1. Ycranosneno, uto Few-Shot npoMnTuHr ¢ 1ByMsi mpuMepaMu 3HaYMMO IIPEBOCXOIUT
Zero-Shot mo ROUGE-L (p=0,013; d=0,252, mansiit a¢gdekr). Ynydmenue oObICHIETCS
CTHJIMCTHYECKUM OTPaHUYCHHEM, UHIYITUPYEMbIM JEMOHCTPAIIMOHHBIMH PUMEPaMHU.

2. Chain-of-Thought gocturaeT HamIy4ymMxX TMOKa3aTele Cpeau BCeX YCIOBUN
(ROUGE-L =0,0298; BERTScore =0,8241) u 3nauumo mpeBocxoaut Zero-Shot (p <0,001;
d=0,543, cpennuii >pdext) u Few-Shot (p=0,003; d = 0,306, mansiit a3¢dexr).

3. Brisien s dext kpatkoctu: CoT renepupyer Hanboliee JaKOHUYHbIE OTBETHI (42,6
cioBa; 1,4%x oT atayioHa), Toraa Kak Zero-Shot — nHanboaee oobEMHBIE (88,3 cioBa; 2,9%).
Crpykryprnas aexommosunus CoT QyHKIHOHUpYET Kak HESBHOE OTpaHWYEHHUE JUIMHBI,
ynyuiatoniee ROUGE-L u camkaroniee koH(payHa MHOTOCTIOBHOCTH.

4. CoT pexkoMeHayeTCsl KaK CTpaTerusi MpOMIITHHTa 1Mo ymosdanuto Jisi LLM-cucrem
pEeBBIO KOJla: OHa o0ecrmeyrBaeT yIy4llleHHWEe KauecTBa MpPH HYJEBBIX JOMOJHUTEIbHBIX
3aTparax.
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DEVELOPMENT OF A CROSS-PLATFORM MOBILE APPLICATION FOR
AUTOMATED TRACKING AND MONITORING OF FOOD EXPIRATION DATES
USING BARCODE SCANNING AND NOTIFICATION TECHNOLOGIES

Abstract: Food waste represents a critical global challenge, with households consistently
identified as a primary source of avoidable waste due to insufficient monitoring of product
expiration dates. This paper presents the design and implementation of Food Tracker — a cross-
platform mobile application for automated tracking and monitoring of food expiration dates.
The application is built on a modular monolithic architecture using Flutter, Python FastAPI,
MongoDB, and Docker, and integrates barcode scanning via the mobile scanner library,
product metadata retrieval from the OpenFoodFacts database, server-side push notification
scheduling through Firebase Cloud Messaging, and Al-powered recipe recommendations
delivered by the Spoonacular API with ingredient normalisation performed by the Google
Gemini API. A pre-development survey of 63 respondents confirmed strong user demand, with
90.5% reporting occasional food waste and 87.3% expressing that expiry reminders would
reduce it. The system achieves over 80% code reuse across Android and iOS platforms, passes
a suite of 101 automated backend tests, and is deployed on a cloud PaaS environment. The
proposed solution addresses functional gaps identified in existing applications — namely the
absence of cross-platform support combined with automated barcode-based product registration
and server-side notification scheduling — and offers a reusable architectural template for similar
sustainability-oriented mobile systems.

Keywords: food expiration tracking, barcode scanning, push notifications, Firebase
Cloud Messaging, Flutter, cross-platform mobile application, food waste reduction.

Introduction. Food waste is one of the most pressing sustainability challenges of the
twenty-first century. According to the United Nations Environment Programme, food loss and
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waste account for 8—10% of annual global greenhouse gas emissions, while approximately 1.05
billion tonnes of food are wasted globally each year, even as 783 million people face food
insecurity [1]. At the household level, this waste is predominantly driven by behavioural factors:
consumers purchase quantities that exceed short-term needs, forget items stored in the
refrigerator or freezer, and lack efficient mechanisms for tracking the expiration dates of
products they have already purchased [2]. These patterns align with findings from behavioural
economics research, which links household food waste to present bias and bounded rationality
[3].

The widespread adoption of smartphones has created a practical opportunity to address
these behavioural patterns through automated digital tools. However, as demonstrated by a
review of existing consumer-facing food management applications, no currently available
solution simultaneously provides automated barcode-based product registration, cross-platform
support for both Android and 10S, server-side push notification scheduling, and integrated
recipe suggestions based on inventory content. Applications such as FreshKeep and Foodiry
address portions of this requirement set but remain restricted to i1OS and rely on manual
expiration date entry [4]. Smart kitchen hardware solutions offer broader automation but are
inaccessible to the student and home user demographic due to cost [5].

This paper presents Food Tracker, a cross-platform mobile application developed to
address these gaps. The application enables users to register food products through barcode
scanning or manual entry, track expiration dates, receive user-configurable push notifications
before items expire, and access recipe recommendations derived from their current inventory.
The system targets students and independent households — a demographic our pre-development
survey identified as both highly susceptible to food waste and highly receptive to a dedicated
tracking application.

Related Work. Academic and industry literature has identified mobile technology as a
promising vector for household food waste reduction. A systematic review published in
Frontiers in Digital Health (2024) found that smartphone-based applications consistently
improved healthy eating behaviours in randomised controlled trials, particularly where
applications incorporated real-time feedback and goal-setting [6]. Research using a micro-
randomised trial design further demonstrated that push notifications have measurable effects on
user behaviour change, with notification timing and personalisation significantly moderating
the effect size [7].

Cross-platform mobile development frameworks have matured substantially over the past
decade. Comparative analyses of Flutter, React Native, and Xamarin consistently identify
Flutter as the leading option for projects requiring strong visual consistency and near-native
rendering performance, owing to its Dart-based native compilation model [8]. Flutter's GitHub
repository had attracted over 154,000 stars by 2023, substantially ahead of React Native's
110,000 [9], reflecting its growing adoption among professional developers.
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Barcode scanning for consumer product identification relies primarily on the ZXing and
Google ML Kit decoding engines. The mobile scanner Flutter package wraps these engines to
provide a unified cross-platform barcode scanning interface [10]. Product metadata resolution
1s addressed by the OpenFoodFacts open database, a community-maintained repository
covering more than 1.7 million products from 150 countries [11]. Image-based product
recognition — proposed as an alternative to barcode scanning in several research prototypes —
continues to face generalisation challenges under real-world conditions and was not considered
for production deployment in this project [12].

A comparative analysis of existing food management applications — evaluated against
the criteria of barcode scanning capability, expiration date tracking automation, cross-platform
support, notification scheduling, and sustainability orientation — reveals that no currently
available solution satisfies all five criteria. Table 1 summarises this comparison.

Table 1 — Comparative Analysis of Existing Food Management Solutions

Feature / Criterion FreshKeep | Foodiry Smart Fridge Food Tracker
Systems (proposed)

Barcode scanning X N4 — N4

Expiry date tracking Manual Manual Partial Automatic
Cross-platform (Android X (i0S X (i0S Hardware v
+105) only) only)

Push notifications Basic X X V' (configurable)
Recipe suggestions X X Limited v
Sustainability focus X X X v
Accessibility (cost) Free Free /paid | Very expensive Free

Research Methodology. The development process followed an iterative and incremental
methodology, in which the system was built module by module according to the logical
dependency ordering of its components. User authentication was developed first, as all other
modules depend on its functionality; the recipe recommendation module was implemented last,
as it depends on the output of most other modules. This ordering reduced integration-time
rework and provided each subsequent module with a stable tested foundation.

Requirements were elicited through three complementary methods. First, a questionnaire
survey of 63 respondents was conducted to characterise the target user demographic and validate
the problem framing. The survey population skewed toward younger adults, with 50.8% aged
25-34 and 20.6% aged 18-24; students comprised 54% of respondents. Key findings confirmed
the relevance of the problem: 90.5% of participants reported occasionally throwing away food
at home, 54% indicated that they forget about food stored in the refrigerator or freezer, and
49.2% reported purchasing duplicate items due to forgetfulness. Demand for the proposed
solution was strong: 79.4% expressed willingness to use a food tracking application, 87.3%
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agreed that expiry reminders would reduce their food waste, and 84.1% ranked barcode scanning
as their most preferred input method.

Second, a structured review of existing food management applications and supporting
academic literature was conducted to identify functional gaps in the current application
landscape and to ground technology selection decisions in empirical evidence. Third, functional
and non-functional requirements were derived from the survey results and the application
review, and validated iteratively throughout the development cycle through developer testing
and peer feedback sessions.

System Design and Architecture. The backend is implemented as a modular monolith
— a single deployable application internally divided into loosely coupled modules. This
architectural style was chosen over a microservice architecture for three reasons specific to the
project context: the development team is small (three members), the expected initial user base
1s approximately 1,000 users, and the monolithic deployment model substantially reduces
operational overhead. The modular structure ensures that future migration to a microservice
architecture remains feasible if the system grows beyond the current scale.

The backend modules and their responsibilities are as follows. The Auth module manages
user registration, login, JWT token generation, FCM token storage, and notification preference
configuration. The Products module resolves barcodes using a database-first strategy with an
OpenFoodFacts fallback, and supports manual product creation. The Inventory module handles
CRUD operations on user food inventories, including soft deletion and expiry statistics
aggregation. The Notifications module runs a background scheduler that polls the database at
15-minute intervals using a MongoDB \$elemMatch query, identifies items that have reached a
notification threshold, and dispatches push notifications via the Firebase SDK. The Recipes
module normalises ingredient names using the Gemini API, queries the Spoonacular API,
caches results in MongoDB, and ranks recommendations by a match score that prioritises
ingredients approaching expiry. The Storage module provides Al-assisted recommended shelf-
life durations for products added without a barcode. The Shopping List module provides basic
CRUD operations for a user shopping list populated either manually or from recipe detail
screens.

The mobile frontend is implemented in Flutter using the Riverpod state management
library for reactive, compile-safe provider injection. Navigation is handled by GoRouter with
JWT-based redirect logic; network communication uses the Dio HTTP client with request
interceptors that inject the stored JWT into every outgoing request and handle token expiry by
triggering automatic logout. The application shares over 80% of its codebase between the
Android and 10S targets.

The full technology stack is summarised in Table 2.
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R
Table 2 — Technology Stack of the Food Tracker Application
Layer Technology Rationale
Mobile frontend Flutter (Dart) Single codebase; >80% code reuse; native ARM
compilation
Backend Python FastAPI Async I/O; auto-generated Swagger docs;
framework Pydantic validation
Database MongoDB Flexible document model; async Motor driver;
JSON-native
Push notifications Firebase Cloud Cross-platform; unified API for Android & 10S
Messaging
Product metadata OpenFoodFacts API 1.7M+ products; free; Open Database Licence
Recipe data Spoonacular API Ingredient-based search; match scoring
Al text Google Gemini API Converts raw product names to standardised
normalisation ingredient terms
Containerisation Docker Reproducible build; multi-stage image; cloud

PaaS deployment

Implementation. The backend is structured as a Python package under a modules/
directory, with each module containing its own router.py, service.py, models.py, and
schemas.py components. This separation of concerns simplifies debugging and enables
independent unit testing of each layer. The FastAPI application mounts each module's router at
a versioned prefix (e.g., /api/vl/inventory/) and applies a global CORS middleware.
Authentication and authorisation are enforced through a get current user() dependency injected
into all protected endpoints, which validates the JWT and returns the authenticated user context.

Product information retrieval follows a three-level strategy. When a barcode is scanned,
the backend first checks the MongoDB products collection. On a cache miss, it queries the
OpenFoodFacts REST API and caches the response tagged as is verified: true. If
OpenFoodFacts returns no result, a 404 Not Found response is returned to the mobile client,
which then presents a manual entry form to the user. This caching strategy eliminates redundant
external API calls for frequently scanned products and complies with the OpenFoodFacts terms
of use.

The notification scheduler is implemented using APScheduler's BackgroundScheduler,
which runs as a non-blocking background thread within the FastAPI process. Every 15 minutes,
the scheduler calls a service function that queries the inventory items collection using a
\$elemMatch operator on the scheduled notifications array, isolating documents where at least
one notification entry has a send_at timestamp in the past and a sent flag equal to false. For each
matching item, the scheduler retrieves the owner user's FCM token and dispatches a notification
payload via the Firebase Admin SDK, then marks the sent flag as true to prevent duplicate
delivery. This approach decouples notification logic from the API request path and scales
efficiently for inventories of up to several thousand items.
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The recipe recommendation pipeline operates in three stages. First, raw product names
from the user's active inventory — which may be in multiple languages and contain non-
standard formatting — are passed to the Google Gemini API for normalisation into simple
English ingredient terms (e.g., "Milk 3.2%" — "milk"). Normalisation results are cached in the
ingredient_normalizations collection. Second, the normalised ingredient list is submitted to the
Spoonacular API, which returns a ranked list of recipes matching the available ingredients.
Third, the backend computes a match _score for each result, adjusted to prioritise recipes whose
required ingredients have the earliest expiration dates in the user's inventory. Recipes with equal
scores are shuffled daily to introduce variety.

The database design uses MongoDB Atlas with seven collections: users, products,
inventory_items, recipes, recipe_queries, ingredient normalizations,
storage recommendations, and shopping_list items. Compound indexes — notably (user id,
expiration_date) on inventory items and (status, scheduled notifications.send at) for the
notification scheduler — are created at application startup to support the primary access patterns
without full collection scans. The backend is containerised using a Docker multi-stage build and
deployed to the Render cloud PaaS, with MongoDB Atlas as the managed database service.

Results and Discussion. The fully implemented Food Tracker application provides the
following core features: barcode-triggered product registration with automatic metadata
retrieval; manual product entry with Al-assisted expiry date suggestion; a personal food
inventory with colour-coded expiry status indicators (active, expiring soon, expired);
configurable push notifications at thresholds of 1, 2, 3, 5, 7, or 14 days before expiration; recipe
recommendations ranked by ingredient match and expiry proximity; a shopping list populable
from recipe ingredient screens; and a settings screen with full English/Russian localisation.

The automated backend test suite comprises 101 tests across six test modules —
integration tests for the auth, inventory, notifications, and products modules, and unit tests for
the security and data models components — all of which pass in 27.06 seconds using the
mongomock-motor in-memory database library and mock external API responses. This testing
approach achieves high coverage without requiring live external service connections and
provides a replicable pattern for FastAPI applications with complex external service
dependencies.

The application satisfies the six functional requirements defined during the design phase:
inventory CRUD operations (FR-1), barcode-based product registration (FR-2), manual
expiration date entry and editing (FR-3), automated pre-expiry notifications (FR-4), structured
inventory display (FR-5), and recipe suggestions based on available inventory (FR-6). Non-
functional requirements are met as follows: barcode recognition completes within 2 seconds on
current mid-range devices using the ML Kit decoding engine (NFR-2); the modular backend
structure supports independent extension of each module (NFR-4); the shared Flutter codebase
runs on both Android and iOS with over 80% code reuse (NFR-5); and JWT-based
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authentication with berypt password hashing and HTTPS-only communication satisfies baseline
security requirements (NFR-6).

The key limitation of the current implementation is its single-user model, which does not
support household sharing. Survey feedback and user acceptance testing identified shared
inventory functionality as the most requested future enhancement. Product metadata coverage
is also subject to the completeness of the OpenFoodFacts database for a given product category
and geographic market, requiring the manual entry fallback for unrecognised barcodes.
Notification delivery depends on the availability of Firebase infrastructure (Google Play
Services on Android, APNS on i0S), which may not be available on all device configurations.

Conclusion. This paper presented the design, implementation, and evaluation of Food
Tracker, a cross-platform mobile application for automated food expiration tracking. The
system integrates barcode scanning, OpenFoodFacts product retrieval, APScheduler-driven
push notification dispatch via Firebase Cloud Messaging, and Spoonacular-powered recipe
recommendations with Gemini-based ingredient normalisation, within a modular monolithic
FastAPI backend and a shared Flutter frontend targeting Android and 10S.

A pre-development survey of 63 respondents confirmed strong demand for an automated
food tracking solution among students and young independent adults. The implemented system
passes 101 automated backend tests, achieves over 80% cross-platform code reuse, and
addresses functional gaps — primarily the combination of automated barcode-based inventory
management with server-side notification scheduling — that remain unmet by existing
consumer applications.

Future development directions identified through the project include the addition of
shared household inventory functionality, integration of optical character recognition for
automated expiry date extraction from product packaging, and expansion of the analytics
module to support trend analysis and predictive food waste insights. The architectural pattern
demonstrated in this work — modular monolith backend with APScheduler notifications,
MongoDB multi-level caching, and Flutter cross-platform frontend — offers a reusable template
for future sustainability-oriented mobile system development.
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Abstract. This article examines the application of LSTM-type recurrent neural networks
for forecasting cryptocurrency price dynamics. It describes the model architecture, the factors
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1. Introduction

Cryptocurrencies are a new class of digital assets based on blockchain technology. Since
the emergence of Bitcoin in 2009, the digital currency market has grown to more than twenty
thousand coins with a combined market capitalization exceeding one trillion dollars. The high
volatility of this market makes price forecasting a task of particular interest to both investors
and researchers.

Classical methods of financial analysis show limited effectiveness when applied to
cryptocurrencies because of their specific nature: round-the-clock trading, the absence of a
regulator, and a strong dependence on the information climate in social media. Deep learning
methods — recurrent neural networks above all — open up new possibilities here [1]. The aim
of this work is to investigate the applicability of the LSTM architecture for forecasting the
Bitcoin exchange rate and to assess its accuracy in comparison with traditional approaches.

2. Neural Networks and the LSTM Architecture

A neural network is a mathematical model built by analogy with biological neurons. It
consists of an input layer, hidden layers, and an output layer, connected by weighting
coefficients that are tuned during training through the backpropagation method. Standard neural
networks are poorly suited to working with time series, since they do not take into account the
order in which data arrives.

A recurrent network with long short-term memory (LSTM) solves this problem through
a special cell-state mechanism and three control gates. The forget gate discards unnecessary
information from previous steps, the input gate writes new data to memory, and the output gate
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determines what is passed on to the next step. Thanks to this, LSTM captures dependencies over
long time intervals — precisely what is needed for analyzing price series [2, p. 1735].

3. Methodology and Model Architecture

The input data consisted of daily Bitcoin quotes (opening price, closing price, high, low,
and trading volume) from January 2018 to December 2023, obtained through the public API of
the Binance exchange. Additional technical indicators were calculated: 7-day and 30-day
moving averages, the RSI (14 periods), and the MACD. All features were normalized to the [0;
1] range using the min-max method.

The model takes as input a 60-day time window (10 features). The first layer consists of
128 LSTM cells with a dropout of 0.3 to prevent overfitting. The second layer consists of 64
LSTM cells to extract more abstract dependencies. The output fully connected layer produces a
price forecast for 1 or 7 days ahead. Training was carried out using the Adam optimizer, with
MSE as the loss function, 100 epochs, and a batch size of 32. The test set accounted for 20% of
the data.

4. Results

A comparison of the developed model with alternative methods is presented in Table 1.

Table 1 — Comparison of Forecasting Methods

Method RMSE R? Trend Accuracy
(USD)
ARIMA 4,213 0.741 | 55.1%
Random Forest 2,956 0.862 61.8%
Single-layer LSTM 2,301 0.891 | 63.9%
Two-layer LSTM (proposed | 1,847 0913 | 67.4%
model)

The two-layer LSTM model achieved an RMSE more than twice as low as that of ARIMA
and improved trend-direction forecasting accuracy by 12.3 percentage points. The main
limitations of the model are its inability to account for sudden “black swan” events and a decline
in accuracy at forecast horizons beyond seven days.

5. Conclusion

This study has shown that a two-layer LSTM network effectively identifies nonlinear
dependencies in cryptocurrency price series and significantly outperforms classical statistical
methods. At the same time, a neural network is not a universal tool: it should be regarded as an
analytical aid rather than a substitute for sound investment decisions. Prospects for further
research include integrating social media data and applying transformer architectures.

References:
1. Goodfellow 1., Bengio Y., Courville A. Deep Learning. — Cambridge: MIT Press,
2016. — 800 p.
2. Hochreiter S., Schmidhuber J. Long Short-Term Memory // Neural Computation. —
1997. — Vol. 9, Ne 8. — P. 1735-1780.
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IMPACT OF ANCHORED PROMPTS ON SUMMARIZATION QUALITY ACROSS
LARGE LANGUAGE MODELS

Abstract: Anchored prompting-augmenting a summarization prompt with keyphrases
extracted from the source-has been reported to improve faithfulness and salience in prompt-
based summarization. However, its robustness across model scales and domains remains
unclear. We present a controlled evaluation of anchored prompts across five language models
spanning 88M to 671B parameters (DistilGPT-2, GPT-2 Medium, BART-base, BART-Large-
CNN, and DeepSeek-V3) on two domains: news (CNN/DailyMail) and scientific writing
(arXiv). For each dataset, we test 50 long documents and construct anchors using 3-7 KeyBERT
keyphrases per document, comparing a minimal baseline prompt against an anchored prompt
template. Across both datasets, anchored prompts are not reliably beneficial. Improvements for
stronger summarization-tuned models are small and inconsistent, while BART-base exhibits
large degradations. Paired bootstrap confidence intervals and Wilcoxon signed-rank tests on
document-level ROUGE show that anchored prompting significantly reduces ROUGE for
BART-base on both datasets (e.g., AROUGE-L = -0.026 on CNN/DailyMail and -0.020 on
arXiv), and DeepSeek-V3 shows a negative mean shift on arXiv, although this change is not
statistically significant in our sample. Qualitative inspection reveals recurrent failure modes:
redundant or low-utility keyphrases (often entity-heavy), prompt-induced verbosity, repetition,
and topic drift. These results suggest that anchor prompting should be paired with stronger
keyphrase extraction and lighter prompt scaffolding, and should be reported with uncertainty
estimates rather than single average scores.

Keywords: anchored prompting, prompt engineering, abstractive summarization,
keyphrase extraction, KeyBERT, ROUGE, CNN/DailyMail, arXiv, BART, GPT-2, DeepSeek-
V3, statistical significance testing

1. Introduction

Automatic text summarization is a core NLP task that compresses long documents into
concise summaries while preserving key information [1]. With the widespread use of large
language models (LLMs), prompt design has become a practical lever for improving output
quality without parameter updates [2, 3]. One widely used idea is anchored prompting: injecting
keyphrases from the source into the prompt to steer the model toward salient content. Prior work
reports gains from salient/keyword-based prompting [4], but it is unclear whether such gains are
robust across (1) model scale and training regime (summarization-tuned vs. general LMs) and
(i1) domain (news vs. scientific writing).

This paper provides a controlled comparison of anchored prompting across five models
of substantially different capacity and training: GPT-2 Medium, DistilGPT-2, BART-base,
BART-Large-CNN, and DeepSeek-V3. We evaluate on two datasets with different discourse
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structure and target summaries: CNN/DailyMail (news) [5] and arXiv (scientific abstracts) [6].
Anchors are constructed using KeyBERT [7] with 3-7 keyphrases per document, allowing us to
isolate the effect of adding extracted anchors to an otherwise fixed prompting template.

Our main contributions are:

* Cross-scale, cross-domain evaluation: anchored prompts are tested on five models
ranging from 88M to 671B parameters on both news and scientific summarization.

* Uncertainty-aware reporting: beyond average ROUGE, we report paired bootstrap
confidence intervals and Wilcoxon signed-rank significance tests for prompt-induced
performance differences.

* Qualitative error analysis: we provide concrete examples showing how anchors can
help (better topical focus) or hurt (repetition, verbosity, and drift), especially when extracted
keyphrases are redundant or entity-heavy.

Contrary to the expectation that larger or summarization-tuned models would consistently
benefit from anchored prompts, we find no uniform improvement and observe substantial
degradations for some settings (notably BART-base). These findings highlight that anchored
prompting is not a plug-and-play technique: its effectiveness depends on both the quality of the
extracted anchors and the model’s ability to use additional prompt structure.

The remainder of this paper is organized as follows: Section 2 reviews related work,
Section 3 describes our methodology, Section 4 reports quantitative results and significance
tests, Section 5 presents qualitative analysis and discusses implications and limitations, and
Section 6 concludes with directions for future work.

2. Related Work

Prompt engineering boosts LLM performance without changing the model parameters [2,
3]. In summary, [4] introduced Salient Information Prompting, using keyphrases to improve
ROUGE scores by focusing on key content, with their Keyphrase Signal Extractor (SigExt)
showing consistent gains across datasets and LLMs. Likewise, [6] created a discourse-aware
attention model for summarizing long documents, highlighting the role of the structure. [8]
studied question-answering prompts to enhance summarization coherence, while [9] explored
anchor-based LLMs, noting advantages in structured tasks.

Scaling laws indicate that larger models perform better on complex tasks because of their
greater capacity and sample efficiency [10], suggesting that advanced LLMs might better utilize
anchored prompts. Our study tests this idea by comparing performance across models of
different sizes and training methods, including GPT-2 Medium [11], BART [12], DistilGPT-2
[13], and DeepSeek-V3 [14], and examines why our results diverge from previous studies.

3. Methodology

We tested anchored prompts on two datasets: CNN/DailyMail, a news dataset with
human-written summaries [5], and arXiv, a collection of scientific papers with abstracts [6]. We
chose a 50-article subset from each (articles over 1500 words) to ensure complexity.

3.1 Models

We evaluated five LLMs with varying complexities.

* GPT-2 Medium (355M parameters): We use the publicly released GPT-2 Medium
checkpoint; release and deployment considerations are discussed in [11].

* BART-Large-CNN (406M parameters): A transformer-based model fine-tuned for
summarization [12].

* BART-base (139M parameters): A smaller BART variant [12].
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* DistilGPT-2 (82M parameters): A GPT-2 checkpoint trained via knowledge
distillation; we follow the distillation approach described in [13].

* DeepSeek-V3: A large-scale model with 671 billion parameters [14].

3.2 Prompt Design

Keyphrases (3-7 per article) were extracted for the anchored prompts. For GPT-2
Medium, BART-Large-CNN, BART-base, DistilGPT-2, and DeepSeek-V3, we applied
KeyBERT [7], using BERT embeddings for semantically rich keyphrases. We chose KeyBERT
for all models because it leverages BERT embeddings to extract keyphrases that are
semantically meaningful and contextually relevant, making it suitable for a variety of LLM
architectures.

The baseline prompt was: “Summarize the following article: [article]”. The anchored
prompt was: “What is the article about? What happened? Where and when? Why is it important?
Considering key aspects: [keyphrases]. Now summarize the article: [article]”. The input was
limited to 1024 tokens, with output summaries capped at 150 tokens.

We note that this anchored template is intentionally question-heavy; future work will test
a compressed anchor template to isolate the effect of prompt complexity.

3.3 Evaluation Metrics

We evaluate summaries with standard automatic metrics:

* ROUGE-1, ROUGE-2, ROUGE-L: lexical overlap with the reference summaries.

* BERTScore: semantic similarity using contextual embeddings.

* METEOR: overlap with synonymy and stemming.

3.4 Statistical Significance and Multiple Comparisons

To assess whether anchored prompting produces reliable changes beyond noisy
fluctuations, we test prompt effects using paired comparisons on document-level ROUGE. For
each model-dataset pair, we compute per-document differences

Ai = ROUGE-Li (anchored) — ROUGE-Li (baseline) (eql)

over the same 50 documents.

We report (1) the mean A, (i1) a paired bootstrap 95% confidence interval for the mean
(20,000 resamples with replacement; seed=42), and (ii1) a two-sided Wilcoxon signed-rank test
p-value, which does not assume normality of Ai. Because we run 10 hypothesis tests (5 models
x 2 datasets), we additionally apply the Holm-Bonferroni procedure to control the family-wise
error rate at alpha=0.05.

4. Experiments and Results

We compared baseline and anchored prompts across all models on both CNN/DailyMail
and arXiv. The results are summarized in Tables 1 and 2.

Table 1 — Summarization Performance on CNN/DailyMail

Model Prompt ROUGE- | ROUGE- | ROUGE- | BERT METEO
1 2 L Score R

GPT-2 Baseline 0.109 0.049 0.07 0.831 0.215

Medium

GPT-2 Anchored | 0.109 0.048 0.071 0.826 0.213

Medium

BART- Baseline 0.359 0.140 0.240 0.865 0.316

Large-

CNN
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BART- Anchored | 0.362 0.138 0.242 0.863 0.319
Large-
CNN

BART- Baseline 0.295 0.103 0.179 0.847 0.330
base

BART- Anchored | 0.264 0.077 0.153 0.826 0.281
base

DistilGPT | Baseline 0.108 0.048 0.069 0.831 0.217
-2

DistilGPT | Anchored | 0.108 0.048 0.07 0.826 0.214
-2

DeepSeek | Baseline 0.304 0.096 0.181 0.846 0.297
-V3

DeepSeek | Anchored | 0.302 0.092 0.181 0.832 0.260
-V3
Table 2 — Summarization Performance on arXiv

Model Prompt ROUGE- | ROUGE- | ROUGE- | BERT METEO

1 2 L Score R

GPT-2 Baseline 0.251 0.109 0.141 0.827 0.313
Medium

GPT-2 Anchored | 0.250 0.107 0.140 0.824 0.311
Medium

BART- Baseline 0.336 0.105 0.194 0.834 0.188
Large-
CNN

BART- Anchored | 0.323 0.097 0.186 0.832 0.175
Large-
CNN

BART- Baseline 0.332 0.088 0.182 0.826 0.209
base

BART- Anchored | 0.304 0.067 0.161 0.818 0.188
base

DistilGPT | Baseline 0.246 0.107 0.138 0.827 0.311
-2

DistilGPT | Anchored | 0.245 0.105 0.137 0.824 0.308
-2

DeepSeek | Baseline 0.333 0.075 0.172 0.821 0.193
-V3

DeepSeek | Anchored | 0.303 0.073 0.164 0.813 0.174
-V3

Tables 1-2 report average performance for baseline vs. anchored prompting. Across
CNN/DailyMail, anchored prompting produces negligible average changes for GPT-2 Medium,
DistilGPT-2, BART-Large-CNN, and DeepSeek-V3, while BART-base consistently degrades.
On arXiv, anchored prompting again reduces BART-base performance and can also reduce
DeepSeek-V3 performance depending on the metric. To avoid over-interpreting small average
differences, we report uncertainty-aware tests on document-level ROUGE in Table 3. GPT-2
Medium shows a statistically significant but practically negligible change on CNN/DailyMail
(A ROUGE-L = +0.0012).
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R
Table 3 — Significance testing for ROUGE-L differences (A = Anchored - Baseline)

Model Dataset AROUGE-L (95% p
CI)

DeepSeek-V3 CNN/DailyMail 0.0001 [-0.0169, 0.6119
0.0158]

BART-base CNN/DailyMail -0.0257 [-0.0388, - 0.0002
0.0127]

BART-Large-CNN CNN/DailyMail 0.0014 [-0.0151, 0.8789
0.0180]

DistilGPT-2 CNN/DailyMail 0.0004 [-0.0005, 0.4964
0.0013]

GPT-2 Medium CNN/DailyMail 0.0012 [0.0003, 0.0063
0.0020]

DeepSeek-V3 arXiv -0.0085 [-0.0209, 0.3989
0.0030]

BART-base arXiv -0.0203 [-0.0308, - <0.0001
0.0111]

BART-Large-CNN arXiv -0.0081 [-0.0203, 0.1302
0.0040]

DistilGPT-2 arXiv -0.0010 [-0.0031, 0.6051
0.0009]

GPT-2 Medium arXiv -0.0009 [-0.0027, 0.4606
0.0009]

Table 3 shows uncertainty-aware prompt effects for ROUGE-L. On CNN/DailyMail,
anchored prompting has no reliable impact for DeepSeek-V3, BART-Large-CNN, DistilGPT-
2, and the effect sizes are near zero with confidence intervals spanning zero. BART-base
exhibits a clear and practically meaningful degradation (AROUGE-L = -0.0257, 95% CI [-
0.0389, -0.0127], p=0.0002). GPT-2 Medium shows a statistically significant but practically
negligible improvement (AROUGE-L = +0.0012), which does not remain significant after
Holm-Bonferroni correction (adjusted p = 0.051).

On arXiv, BART-base again degrades significantly (AROUGE-L = -0.0203, 95% CI [-
0.0312, -0.0111], p < 0.0001), and this effect remains significant after Holm-Bonferroni
correction. Other models show negative mean shifts whose confidence intervals include zero,
indicating no robust evidence that anchoring improves performance in our sample. Overall,
these results suggest that anchored prompting is not a consistent upgrade and can substantially
harm certain model-domain combinations, especially when the anchor list is redundant or
misaligned with the reference summary.

5. Qualitative Analysis

Automatic metrics summarize average behavior but can hide systematic failure modes.
We therefore inspect representative documents with large positive/negative AROUGE-L to
understand when anchors help versus harm. Across models, we observe three recurring patterns:
(1) redundant/entity-heavy anchors that bias generation toward repetition, (ii) prompt-induced
verbosity that crowds out key facts, and (iii) topic drift when extracted keyphrases are only
weakly aligned with the reference summary.

5.1 Case Studies

5.1.1 Case A (CNN/DailyMail, BART-Large-CNN): anchors improve topical focus

132



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

* Reference (excerpt): The World Happiness Report highlights the happiest countries;
the UN declared World Happiness Day in 2012.

» Keyphrases: national happiness; world happiness; countries happy; happiness day;
recognizing happiness.

* Baseline (excerpt): Switzerland took the top spot from Denmark in 2015 ... The U.N.
General Assembly declared March 20 as World Happiness Day in 2012.

* Anchored (excerpt): People who live in the happiest countries have longer life
expectancy ... Switzerland took the top spot from Denmark in 2015...

* Observation: The anchored version foregrounds the main frame (happiness report and
its implications), matching the reference more directly.

5.1.2 Case B (CNN/DailyMail, BART-Large-CNN): anchors cause detail loss and
generic phrasing

* Reference (excerpt): Former Australian captain Richie Benaud died in a Sydney
hospice; tributes followed.

* Keyphrases: cricket commentator; Richie Benaud; former Australia captain; Benaud
died.

* Baseline (excerpt): The iconic broadcaster passed away peacefully in his sleep ...
tributes flowed in...

* Anchored (excerpt): Legendary commentator and former Australia captain Richie ...
one of the world's most recognised commentators...

* Observation: The anchored output shifts toward generic biography-style wording and
drops concrete reference-aligned details (timing, hospice context), reducing overlap.

5.1.3 Case C (CNN/DailyMail, BART-base): entity-heavy anchors amplify repetition
and truncation

* Reference (excerpt): Ronaldo scored five times in Real Madrid's 9-1 win; extreme
scoring run.

* Keyphrases: Ronaldo scored; Granada Ronaldo; fixtures Ronaldo; regularly Ronaldo.

* Baseline (excerpt): Even by his stratospheric standards ... an eight-minute hat-trick ...

* Anchored (excerpt): Even by his stratospheric standards ... Ronaldo was back to his
brilliant, unplayable best as he scored five...

* Observation: For BART-base, anchors provide little new semantic guidance and
encourage repetitive surface forms, often shortening or truncating the output and hurting
alignment with the reference.

5.1.4 Case D (arXiv, DeepSeek-V3): anchors increase boilerplate and reduce
specificity

* Reference (excerpt): dynamics of a single-level quantum dot driven out of equilibrium;
three relaxation time scales.

» Keyphrases: single electrons; quantum electron optics; electrons mesoscopic;
nanoelectronics.

* Baseline (excerpt): The article investigates relaxation dynamics of a quantum dot
driven out of equilibrium ... governed by charge, spin, and an additional time scale ...

* Anchored (excerpt): The article explores control and manipulation of single electrons
... (high-level framing and broader context) ...
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* Observation: Anchors bias the model toward a generic “single-electron control”
framing and add boilerplate context, while the baseline more directly mirrors the reference’s
specific contribution.

Overall, these cases suggest that anchor prompting is sensitive to anchor quality. When
keyphrases capture the true discourse spine of the reference (Case A), anchors can help; when
anchors are redundant or overly entity-centric (Cases B-C) or too general for technical
contributions (Case D), they can harm faithfulness and specificity.

6. Discussion

Our results indicate that anchored prompting with KeyBERT keyphrases is not a
universally reliable improvement for summarization. The quantitative analysis shows that most
average differences are small and often not statistically distinguishable from zero, while certain
settings exhibit clear, significant degradations (notably BART-base on both datasets). The
qualitative inspection clarifies why: anchors frequently become redundant (entity-heavy or
paraphrastic), increase prompt verbosity, and can induce repetition or topic drift.

6.1 Why do our results differ from prior positive findings?

Prior work on salient prompting reports more consistent gains [4]. A plausible explanation
1s that anchor construction matters as much as anchor injection. Off-the-shelf keyphrase
extraction may not reliably identify the concepts that match the reference summaries, especially
in technical abstracts where the key contribution is often a specific method, constraint, or result
rather than a topical keyword. In addition, our anchored template includes multiple guiding
questions plus the keyphrase list; this extra structure can crowd the model’s context window
and encourage generic “answer-the-questions” behavior rather than faithful summarization.

6.2 Implications for prompt-based summarization

Anchored prompting should be treated as a hypothesis to be validated per model and
domain, not a default upgrade. In practice, anchor prompting may require (i) deduplication and
filtering of entity-only anchors, (i1) shorter scaffolding (fewer leading questions), and (iii)
domain-adapted keyphrase extraction. Reporting prompt effects with uncertainty estimates is
also important: some statistically significant differences we observe are extremely small in
magnitude and may not be practically meaningful.

6.3 Limitations and future work

This study uses a 50-document subset per dataset and a single anchor extraction method
(KeyBERT) and anchor template. We mainly provide significance testing for ROUGE; future
work should extend uncertainty-aware analysis to semantic metrics and include human
evaluation (e.g., faithfulness and coverage ratings or pairwise preferences) to better capture real-
world quality differences. Further improvements could also test specialized keyphrase
extractors, lighter anchor templates, and alternative steering methods such as QA-style
prompting [8].

7. Conclusion

We presented a controlled, cross-scale evaluation of anchored prompting for
summarization across five models and two domains. Anchored prompts built with KeyBERT
do not yield consistent gains and can significantly degrade performance for certain models and
datasets, as supported by paired significance tests and qualitative evidence. These findings
emphasize that prompt-based steering must be paired with high-quality anchors and uncertainty-
aware reporting to avoid overstating small or unstable improvements.
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PhD, uudporoii odurep nenaprameHrta
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(r. Cemeii, Kazaxcran)

IHPOI'PAMMHASA CUMYJIALUA JET'PAIJALINUN LIDAR B YCJIOBUAX
SAABIMJUVIEHUA VIS ABTOHOMHbBIX ATEHTOB B KUBEP-OU3UYECKHUX
CUCTEMAX

AnHoramusi: Hanéxnas aBTOHOMHass paboTa BOIUIOMIEHHBIX areHTOB B YCIIOBUAX
KaTacTpod MpeAcCTaBiIseT KPUTHUYECKYIO 3a/auy i KuOep-(pU3ndecKux CUCTEM COBMECTHOM
paboThI yenoBeKka U MalIuHbl. B manHoil pabote uccnenyercs nerpananus Tounoctd LIDAR-
CEHCOPOB IIPU BBICOKON ONTHUYECKOM IUIOTHOCTH CPEAbl — B YACTHOCTH, JbIMA OT IOKapa.
Cy1iecTByIone CUMYJSTOPbl HE BOCHPOU3BOAAT (DU3MKY a’pO30JIbHOTO paccerBaHMUs,
OPENATCTBYSl PEaJUCTUYHOM MPOBEPKE aJIrOPUTMOB MPOCTPAHCTBEHHOW (UIbTpaLlUy.
[Tpennoxena rubpugHas OporpaMMHas MOJENb, COYETAIoIIas MPOLEIYPHYI T'€HEpaluio
ONTHUYECKOW IUIOTHOCTH CpeApl METoAoM InyMma IlepnvHa ¢ BEpPOATHOCTHBIM aJIrOPUTMOM
TPacCUpOBKHM JIyde Ha OCHOBe 3akoHa byrepa—JlamGepra—bepa. Monens renepupyer
bu3nUecKku NpaBAONOA00HbIE «()AHTOMHBIE TPEMSTCTBUS» U OUMOJANBHBIE paCIpeeICHUS
WHTEHCUBHOCTHU B PEAIbHOM BPEMEHHU.

Kurouesbie caoBa: cumymsiiuss LiDAR, BomsoméHHble areHTbl, Kubep-puanyeckue
CUCTEMbI, pacCeMBaHMeE JIbIMa, ryM IlepinHa

BBenenne. KoHueniuss BCENMPOHUKAIOMIMX BBIYUCICHUN MpeanojaracT OeCIIOBHOE
BCTPAaMBAHUE MHTEUIEKTYAJbHBIX CUCTEM B (PU3UUECKYIO CPEY JUIsl MOJACPKKH JeATEIbHOCTH
YeJI0BEKa B PEKUME PEAIbHOTO BPEMEHU — B TOM YHCJIE B YCIOBUSX, OMACHBIX ISl PSMOTO
npucyTcTBHs denoBeka [1]. CrieHapuu JUKBUIAIMN KaTacTpod, TaKMe Kak MoXKap B 3IaHUH,
MPEACTABISAIOT COOOW MapagurMaTHYECKUN clydail KuOep-(u3HUecKoro B3auMOJCUCTBUS
YeJOBeKa W MAalllMHBI: aBTOHOMHBIE  BOIUIOMIEHHBIE areHTHl  JOJDKHBI  HAJEXKHO
GyHKIIMOHUPOBATH B ACTPATUPOBAHHBIX CPElaX, PACIIUPSIS CUTYAIIMOHHYIO O0CBEIOMIEHHOCTD
criacaTeJbHbIX KoMaH[ [8, 18].

dyHAaMEHTAJIbHBIM ~ TpeOOBAaHUEM JIJII TaKUX CHUCTEM  SIBJISETCS  poOacTHas
OJIHOBpPEMEHHasl JIoKalin3anus u kaprorpadupoBanue (SLAM), TpaaullMOHHO peanu3yemMas ¢
nomompto LiDAR-cencopos [6, 7, 21, 22]. Opnako sddextuBHocts LiDAR-cuctem
KPUTUYECKA CHUXKAETCA B CPElaX C BBICOKOW a’dpO30JIbHOM ONTHYECKOW MIOTHOCTHIO. [lpu
B3aMMOJICUCTBUM JIA3€PHOTO0 HMMIYJIbCa C YaCTUIAMM JIbIMa MPOUCXOASAT JBa OCHOBHBIX
sBJIeHUs: ocinabnenue curnana [11] u noxxkHble oTpaxkeHus BeaencTsre 3PexToB paccerBaHUs
Mu [9, 13, 14], popmupyroiue HeNPoxoauMble «(haHTOMHBIE IPEMSATCTBUSI) B 00JIaKe TOUYEK.
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Ota COOMHOCTh HEMOCPEACTBEHHO PACHpOCTPAHSAETCS Ha KOHTYP B3aUMOJEHCTBUS
YeJIOBEeKa M MalIMHBL: Korja aaroputmsl HaBurauuu Nav2 B cpene ROS 2 unTepnpetupyrot
JObIM KakK CIUIOIIHYIO CTEHY, BOIUIOIIEHHBIM areHT OCTAaHABJIMBAETCS, JHUIIAs OIepaTropa
HaJIEKHBIX CUTYallMOHHBIX JIAHHBIX B HanbOojee kputuueckuidi MmomeHT [1, 24]. [IpoBenenue
HATYpHBIX MCHBITAHUNM B pEaJbHOW MOMXApPHOW Cpelle SKOHOMUYECKU HellesiecooOpa3Ho U
COMPSDKEHO C BBICOKMM PHUCKOM, YTO OOYCJIOBJIMBAET NOTPEOHOCTh B MPOTPAMMHBIX
CUMYJISITOpaX, COBMECTUMBIX C PECYpCHO-OTPAaHUYECHHBIM TPAHUYHBIM O00OpYIOBAHHEM
BCENPOHUKAOIINX BbIYNCICHUMN.

0030p cymecTByOmIUX pemieHMid. /[ BBISBICHUSA CYIIECTBYIOIIMX MOAXOIOB K
IPOrpaMMHOMY MOJIeIHpoBaHuio padboTel LIDAR B onTHYeCKH MIOTHBIX cpeiax ObLI MPOBEIEH
CHUCTEMaTHYEeCKUi 0030p MUTepaTypsl B 6a3ax manHbix Scopus, Web of Science u IEEE Xplore
3a nepuon ¢ 2018 mo 2026 roxa. IlepBoHavanbHBIA MOWCK BBIABAI 145 NOTEHIMAIBLHO
pENEeBAaHTHBIX 3aIUCEH; MMOCe CKpUHUHTA 32 cTaTbu ObUIM OTOOpaHbI AJI MOJTHOTEKCTOBOIO
aHaJIN3a, U3 KOTOPBIX 12 KIIOYEBBIX UCCIEIOBAHUN BOIILUIM B UTOTOBBIA CHHTES.

CuHTE3 BBISIBWII 1BA OCHOBHBIX MO1X0/1a. ba3oBoe TpacCHpOBAaHUE Jydel ¢ BU3YaJIbHBIMU
meitnepamu (Gazebo, Webots, CARLA, AirSim) oOHapy>KMBaeT MEPECEUECHHs] TOJBKO C
MOJIMTOHAJIBHBIMU ceTKaMu [2, 19, 20], HOJHOCTHIO UCKITIOYAsi TEHEPALIMIO JIOKHOTO 00paTHOTO
pacceuBanus. Croxactuueckoe U o0bEMHOE MonenupoBanue (Monrte-Kapio, peliMapiinHr)
oOecrieunBaeT (PU3MUECKU TOYHBIE MOJIENH, OJHAKO NMPUBOAUT K KPUTHUUECKOMY MaJCHUIO
npousBojuTebHOCTH HIbke 5 FPS [12], uro HecoBmMecTHMO ¢ TpeOOBaHHMSAMHU PEaJbHOIO
BPEMEHH.

Heab ucciienopanns u BkJIajg padorel. OCHOBHAS LI€Tb JaHHOU pabOThl — MPEOJI0JIETh
pa3pbiB MKy BBIYUCIUTENIBHO 3aTPATHBIMU (DU3HMUECKUMHU MOAEIISIMU a3p030JIeH U Upe3MEPHO
YOPOUIEHHBIMU BU3YaJbHbIMU IeiiAepaMu. KOHKpeTHBIN BKJIa ] BKIIIOYAET: (1) BBIYUCIUTETBHO
JAETKUN  MPOTpaMMHBIM  MHCTpyMEHTapuil g cumyisauuu  gerpagaumu  LiDAR ¢
ucrnosib3oBanueM myma llepnuna [S]; (2) BEpOSTHOCTHBIN alrOpuT™M TPACCUPOBKHU Jydel Ha
ocHoBe 3akoHa byrepa—JlamGepra—bepa [15]; (3) KoJIMUECTBEHHYIO OLICHKY BBIYMCIUTEIIHHOM
3¢ PeKTUBHOCTU U BepUPUKALIMIO pacTpeeIeHNl HHTEHCUBHOCTH.

MeToao/10rust THOPUAHON NPOrPAMMHON MOJeJIH. APXUTEKTYpa OCTPOCHA C YETKUM
pa3AeIeHUEM JBYX B3aMMOCBS3aHHBIX KOMIIOHEHTOB: ITPOLIEAYPHOM T'€HEPALMU a3pPO30JIbHON
OTNITHYECKOM IIIOTHOCTU U BEPOSITHOCTHOM Moienu TpaccupoBku nyudeit LiIDAR-cencopa.

[IpouenypHass reHepanusi ONTUYECKOW IUIOTHOCTH Cpenbl. JIokanbpHas onTuydeckas
IUDIOTHOCTh D B MPOM3BOJBHOW NIPOCTPAHCTBEHHOW TOYKE BBIYUCISECTCS MOCPEIACTBOM
CyHepIo3HuLMH OKTaB 1yMa [lepnuna:

D(x,y,z) = max{0, 2A4; - noise(fix, fi:(y—v-), fiz) + C} (1)

rae Ai u fi — amMrumiTya v 9acTtoTa - OKTaBbl, V — CKOPOCTb KOHBEKTUBHOTO TIOTOKA,
t — Bpemsa cumymsiund, C — KOHCTaHTa cMelleHUs. Pe3ynpTupyromiee mojie ONTHYECKON
IJIOTHOCTH M €r0 KOHTYPHI NpecTaBieHbl Ha Pucynke 1.
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(a) None onTuyeckon NAoTHOCcTU D(X,y) (b) KOoHTYypbl rpaaneHTa NAOTHOCTN
[Wym MNepnnna, t=1.5c] 1.0 [Moporosble nuHun D=0.3, 0.6, 0.9] 1.0

i e C\A\)

» A\ Bonnowénnui arenT (LIDAR)

y (M)
y (M)

o
S
o
S

OnTHYecKas NAOTHOCTL D
(Hopmanu3oBaHHas)
ONTUYeCKan NNOTHOCTL D
(HOpManu3oBaHHas)

L o2 Lo.2

X (M) X (M)

Pucynox 1 — I[IpotienypHo creHepupOBaHHOE MOJIE a3PO30JIbHOM ONTUYECKOM TIIOTHOCTH: ()
nosie D(x,y) npu t=1.5c, (b) KOHTYpBI IpaJIn€HTa MJIOTHOCTH C MOPOTOBLIMU JIMHUSIMU D=0.3,
0.6, 0.9

BepostHoctHas moxaens nerpaganuu gaHHbIX LiDAR. IlomHas jmorwka BBITTOTHEHUS
anropuTMa 3a Kaap npeacTtaBicHa Ha PucyHke 2.

MTMa TPACCUPORKM Nyveil
1on1eM Wyma NepnuHa)

7. BLlWCAMTE MHTEHEMBHOETE |
(380K Byrepa-NlambepTa: | = loR-a=(-a-d)

Pucynok 2 — biiok-cxema BEpOsITHOCTHOTO alropuT™Ma TpaccupoBku idyueit LIDAR
(BBITIOJIHEHUE 32 KaJpP)

[Ipn ucmyckaHWM JIa3€pHOTO HMMITYJbCAa BEpPOSTHOCTh Ps paccenBaHus Jyda MpsSMO
IIPONIOPLMOHAIIBHA JIOKAIBHOW a3p030JIbHOM IIJIOTHOCTH:
Pscatter ¢ D(x_entry, y _entry, z_entry) (2)

NHTEHCUBHOCTD OTpaXEHHOrO curHaia | BbIUKCHSETCS HA OCHOBE 3akOoHa byrepa—
JlamGepTa—bepa:
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I=1-R-eN-aDd)/(1+Bd) (3

rne lo — Oa3oBas MomHOCTH, M3mydarens, R — ampbemo, o — ko3 dUIHECHT

OKCTUHKLMH, d — paccTosiHue, f — K03 PHUIIMEHT pacXoIUMOCTH Jyya.

IKCcIepUMeHTAIbHBIE Pe3yJbTaThl. MoJIenh OIICHUBAIACH B CUMYJIMPOBAHHOMN cpefie
10x10x10 m na crangaptHom CPU (Intel Core 15, 8 I'b O3VY) 6e3 GPU-yckopenus, c
ucnoas3oBanueM NumPy [3]. LiDAR-cencop kondurypupoaics ¢ 360 1ydamu; mapameTphl:
[o=1.0, R=0.9 (ctensr), R=0.15 (caxa), a=0.8, f=0.05. lllym Ilepnuna renepupoBaics c 4

OKTaBaMu, MepCUCTEHTHOCTHIO 0.5, makyHapHOCThIO 2.0.

CpaBHeHue ¢ cyliecTByronmMu Metoiamu. B Tabmauie 1 mpeacTaBieHo CONOCTaBICHUE

MPEIOKEHHOM MOJICHU C CYIIECTBYIOIUMH MOIXOdaMHU.

Taduuna 1 — CpaBHenne MeToaoB cumysiuuu LiDAR B abimy

rudpuIHas MOJCIb

Meroxn FPS OopartHoe I'pannynbiii | Pusnyeckas
pacceuBaHue CPU aJIeKBaTHOCThb
[eitnep Gazebo 60+ Her Ja Huskas
Morrre-Kapio / <5 Jla Her Bricokas
®oToH
[TonubIi1
N <5 Ha Hert Bricokas
peiimapIHT
Hpennoxennas 30+ Ja Ja Cpenne-BbICOKast

BreraucnaurennHas IMPOU3BOAUTCIBHOCTD.

CTaOMIILHOM AaXKEe IIpr MaKCHUMaJILHOM MJIOTHOCTH JAbIMa.

BblyncanTeNbHaa Npon3BoAUTENBHOCTE VS. ONTUYeCKan NAOTHOCTL AbIMa

70

[IpenyioxkeHHass MoJenb MOJJEpKUBAIIA
cTabunpHyt0 padbouyto yactory 30+ FPS npu Bcex 3HaueHusix ontudeckoi miotHoctu (D =0
no 1.0), uyro nemonctpupyer Pucynoxk 3. B oTiuuume OT MOJHOTO pelMapIIuHra,
nerpaaupyromero Hwke S5 FPS, mpou3BOAUTENBHOCTh THOPUAHOM MOJEIM OCTaBalach

60 1

I o
o o
!

YactoTa kagpos (FPS)
w
o

20 A

10 A

BRabpge Bpems (30 FPS)

3oHa PeanbHOro BpeMeHn

++ LWeipep Gazebo (6e3 obpaTHoro paccemBaHvs)
= [pefnoxeHHas rubpuaHas Moaeb
= = [10MHbI/ peAMapLInHr

v

e e T e
——— e = — ]

Pucynok 3 — BeruncnurensHas npousoauTesibHOCTh (FPS) vs. onTudeckas nioTHOCTH AbIMa

AHanu3 pacnpenenaceHus] MHTCHCUBHOCTU. KOJIMYECTBEHHBIM aHAIU3 MOITBEPKAACT
(bU3MYECKYI0 aJeKBaTHOCTh Mojenu. bumomansHoe pacmpenenenue (PucyHok 4) 4érko

0.4

0.6

OnTryeckas NAoTHOCTb AbiMa D (HopManmsosBaHHas 0-1)

D
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pazzaesieT ABe MOMyJSIuu: Bo3BpaThl oT cTeH (cpennee =~ 0.85, 6 = 0.06) u a’po30JbHBIE
danTtomusie Touku (cpemnee ~ 0.15, ¢ = 0.09), uro KOppenHupyeT ¢ MpeacKazaHueM 3aKoHa
Bbyrepa—Jlam6epra—bepa mpu D = 0.7.

BumodanbHOe pacnpefeneHne MHTEHCMBHOCTeN Bo3BpaToB LIDAR
B CUMYJ/IMPOBaHHOWN 3aAbIM/IEHHON cpefe

p=0.15 I A3p030/ibHble BO3BpaThl ((haHTOMHbIE MPenATCTBUA) = (.85
100 N Bo3BpaTbl OT TBEPABIX CTEH (3TanoH) \
== T[lopor ¢unsTpa

Mopor
dunbTpa

80

60

40

YacToTa (KOMYeCcTBO TOYEK)

20

0.0 0.2 0.4 0.6 0.8 1.0
MIHTeHCUMBHOCTb cMrHana (HopmanmnsoBaHHasa 0.0-1.0)

Pucynoxk 4 — bumonansHoe pacripesenenue nHTeHcuBHOCTeH Bo3BpaToB LiDAR B
CUMYJIMPOBAaHHOM 3a/IbIMJIEHHOU cpelie

Bepudukanus 3axkona byrepa—Jlambepra—bepa. Ha Pucynke 5 mpezacraBieHo
COTIOCTABIICHUE TEOPETUUECKUX KPUBBIX C CUMYJIHUPOBAHHBIMH H3MEPEHUSMU O0JiIaka TOYEK
npu D=0.7. Pe3ynpTaThl MOATBEPKIAIOT KOPPEKTHOCTH IPUMEHEHUS (PU3UIECKON MOJIEIH.

WHTeHCMBHOCTL CMrHana vs. PaccToAHue
(Bepudrkauuna 3akoHa byrepa-/lambepTa-bepa, D=0.7)

(a) TeopeTn4eckue kpusbie byrepa-/lamGepTta (b} CumynupoBsaHHbie n3MepeHna obnaka Tovek

1.0 4 —— Bo3epaTbl OT CTeH 1.0 4 e OQaHTOMHbIE BO3BPaTH (AbiM)
@ PeanbHele BO3BPaTsl (CTEHSBI)
== Mopor ¢punLTpa

~—— A3p030NbHbIE HaHTOMHLIE BO3BPaTH
== Mopor GpuneTpa

0.8 1 0.8 1

VHTEHCUBHOCTD BO3BPaTa | (HOPMaNM30BaHHas)
VHTEHCUBHOCTD BO3BPaTa | (HOPMaNM30BaHHas)

Pacctoanue d (M) Pacctoanue d (M)

Pucynox 5 — IHTEHCHBHOCTD CUTHAJIA VS. PacCTOSIHUE: (a) TeopeTuIecKre KpuBbie byrepa—
JlamOepra, (b) cumynupoBaHHbIe U3MepeHus o01aka Touek (D=0.7)

Busyanuzamus o6iiaka Touek. PUCYHOK 6 JEMOHCTPUPYET pa3ivdre MEXIY ChIPbIM

oOnmakoM TOYeK (C (DaHTOMHBIMU MPEMSATCTBUSAMH, OJOKUPYIOIIMMHU IyTh Nav2) u
OT(GUIBTPOBAHHBIM 00JIaKOM ToCIe TpuMeHeHus pubTpa SOR Ha OCHOBE MHTEHCUBHOCTH.
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O6nako Touyek LIDAR B kKoMHaTe 10x10x10 M C 30HOA 3aAbiMNeHUA

(a) Coipoe obnako To4Yek
(kak BUAWMT Nav2 — haHTOMHbIE CTeHBI BNOKUPYIOT MyTh)

(D=0.75, 360 ny4eir, areHT B UeHTpe)
(b) OTcpunbTpoBaHHoe obnako Touek
(nocne cpunsTpa SOR Ha OCHOBE MHTEHCUMBHOCTKW)

10{ = Bosmpathorcren . - %e 10{ = Bo3spaTh o7 cTen (coxparens:) . . - Se
DaHTOMHBIE BOIBPATHI 3oHa awiMa (aeHTHgULUMpoBana)
A Bonnowgnnei arent A Bonnowénnuin arent
.
= -
81 = 84 =
. .
. .
iy .
. 13  §
g 4o .
6 We 8 < 6 -
-t
= o =
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44 ° 4
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24 . 24
o, . o, .
. . . .
* H
. .
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0 2 4 6 8 10 0 2 4 6 8 10

x (M)

x (M)

Pucynoxk 6 — O6mako touek LiDAR B komuaTe 10x10x10 M: (a) ChIpbie TaHHBIE C
(baHTOMHBIMH MPENATCTBUAMH, (b) mocne GuiabTpauu ¢ uaeHTU(GUKAIUEN 30HBI TbIMa

Jonsg GpaHTOMHBIX TPEensSTCTBUH. PUCYHOK 7 MOATBEP)KIAET HEIMHEHHBIM POCT AOJIU
(aHTOMHBIX TOYEK C YBEJIMYEHUEM IUIOTHOCTH JbiMa. CUMYJIMPOBAaHHBIE U3MEPEHUS XOPOIIO
COrJacyroTcsi € TeopeThudeckod KpuBoil byrepa—JlamOepra—bepa npu Bcex pexumax

3abIMJICHHSI.

100

[onsa haHTOMHBIX NPEnSTCTBUA Vs. MJIOTHOCTb AbiMa
(BepuukaLumna c TeopeTn4eckoil Mofensto byrepa-/lambepTa)
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— TeopeTuyeckas (Byrep-Nlambept)
® CUMynMpoBaHHbIE U3MEPEHNA
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OnTu4eckas NNOTHOCTb AbiMa D (Hopmanu3oBaHHad 0-1)

Pucynoxk 7 — Jlonst haHTOMHBIX MPENSITCTBUN VS. TUIOTHOCTH JibIMa (BepUpUKALIHS C
TeopeTudeckoi MoJienblo byrepa—Jlambepra)

Oo0cyxaenue.

Pazpaborannas

ruOpuHas MOJENb  YCTPaHSeT OrpaHUYCHUS,

BBISIBJICHHBIC B XOJI€ CHCTEMAaTHYeCKOoro o03opa. B oTiwume OT cTaHmapTHBIX BHU3YaJbHBIX
IeiIepoB, MOIENb (PU3NIECKU UCKaKaeT KOHBEHEP MPOCTPAHCTBEHHBIX JAHHBIX, BBHIHYKIIAsS
ITOPUTMBI HABUTAIIMH CTAJKUBATHCS C TEMU K€ aHOMAIHUSIMH, YTO M B PEATBHBIX MOKAPHBIX
CIleHapHsIX. 3aMeHa IIOJIHOTO pPEeWMapIIuHTa BEPOSTHOCTHBIM TPAHUYHBIM TTOPOTOBBIM
puOIMKEHNEM o0ecriedynBaeT cTabmibHyI0 9acToTy kaapoB (>30 FPS) na crangapraom CPU-

000pyI0BaHUY.
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[IpensiaraeMplii CUMYJISTOP MO3BOJISIET MPOBOAUTH peanuctuyHoe SITL-tecTtupoBanue
MPOCTPAHCTBEHHBIX (UIBTPOB — TAKUX KaK CTAaTHCTHYECKoe ynmajeHue BeIOpocoB (SOR) m
noporoBasi o0pa0OTKa Ha OCHOBE HMHTEHCHUBHOCTH, — IIOMOTasl 3aKpbITh BaJHIallMOHHBIN
pa3pbIB B KOHTYpPE B3aUMOJICHCTBUS YeIOBEKa U MalluHHI [ 16, 23, 25]. OCHOBHBIE OTPAaHUYCHHUS
TEKYyIIe MOJENH: YNPOUIEHUE PAaCXOAUMOCTH Jyda M MHOTOKPAaTHBIX 3XO0-OTPAKECHUM;
anmpokcumanus myMoM llepiivHa HE MONMHOCTBIO BOCHPOU3BOAUT BPEMEHHYIO ITHHAMUKY
JBWKCHUS YacTHI JbIMa. byaymue paboTsl pacmupsat mojaenb Ha 3D-kondurypanuu LiIDAR
u uHterpamuio ROS 2.

3akiaouenue. B ganHoil paboTe ycremHo pa3paboTaHa W OLIEHEHAa IporpamMMmHas
MOJIEJIb JIJISl CUMYJISIIMY BO3ICMCTBUS IJIOTHOTO JbIMa Ha TOYHOCTH AaHHBIX LIDAR B kubep-
dusznyeckux cpenax TukBUAanuu karactpod. CoueTaHue MPOLETYpHOM TeHepaluu Iryma
[lepauna c BEpOSTHOCTHBIM mMpHMEHEeHHEM 3akoHa byrepa—JlamOepra—bepa mo3BossieT
CUMYJISITOPY TE€HEpUpOBaTh (PU3NYECKH NPaBAONOAOOHBIE «(AHTOMHBIE NPEMSATCTBUS» U
BApHALIMU MHTEHCUBHOCTH B PEAJIbHOM BPEMEHU IPU NMPOU3BOAUTENBHOCTH cBblIe 30 FPS Ha
CTaHJIapPTHOM CPU. [Ipennoxennas MOJIEb obOecrnieunBaeT Oe30MacHbIN,
pecypcordHEeKTUBHBIN U (PU3HUECKH aJE€KBAaTHBIA BUPTYaJbHBIM MCIBITATEIbHBIA CTEH] JUIS
pa3pabOTKU U BEpUPUKALMH AITOPUTMOB IPOCTPAHCTBEHHON (PUIIBTPALIUU JIs1 BOTUIOMIEHHBIX
areHTOB B CLICHAPUSIX pearnpoBaHUs Ha KaTacTpOQbl.
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MEJUIHUHAJBIK FBIIBIMAAP - MEAUIIUHCKUE HAYKH - MEDICAL
SCIENCES
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KacbsimoBa OpbinTaii /laBiernaeBHa

Joxropant DBA,
Anmvatsel MEHEKMEHT Y HUBEPCUTET
(r. Anmarsl, Kazaxcran)

INPEMMYIECTBA U DOOPEKTUBHOCTD TEJEMEJINIIUHBI ITEPE /]
TPAANLHNOHHBIMUA METOJAMM

AHHOTamusi: B wWccienoBaHUM  MOMYEPKUBAIOTCS — MOJMTHYCCKUEC  TIOCICIACTBUS
BHEJIPCHUS TEJIEMEIUITNHBI, BKIIFOUass HCOOXOMMOCTh HOPMAaTHBHO-IIPABOBOM 0a3bl, TOJIMTHKH
BO3MCIIICHUS PACXOJ0B M OTHYECKUX CoOoOpakeHHMH. Tarke OBLI OTMEYCH IIOTCHIIMAI
TEJIEMEIUIIMHBl B PEHICHUH IPOOJeM HEPAaBCHCTBA B 3JIPAaBOOXPAHCHUU M COJICHCTBUU
PaBHOMPABHOMY JIOCTYIy K MEIWIIMHCKAM yCiIyraM. B 3akiIroueHHe HCCIeI0BaHUs
PEKOMEH/IyeTCSl MPOBEACHNUE JAIBHEHIIINX HCCIICIOBAHUA WU TMOJMTHYCCKUX WHUITUATHB JIJIS
MOBBIIIICHUST ~ 3(PQPEKTUBHOCTH  HCIIOJIB30BAHHMS  TEJICMEAWIMHBI B CCIIbCKHX |
Ma000eCIIeYeHHBIX palioHax. JlaHHas WCCleoBaTeabcKas padoTa BHOCHUT BKJIQJ B
CYIIECTBYIOIIMKA O0BEM 3HAHWW, TMPEAOCTABISAS BCECTOPOHHHHM aHAIM3 IOTCHIIMAJIa
TEJIEMEIUIIUHBl B YJIYUYIICHUM OKa3aHHWS MEIUIIMHCKOW IMOMOIIM B Majl0o00CCIICUCHHBIX
coo0IecTBax.

KaroueBble ciaoBa: (HMHAHCOBOE YIPABJICHHE B 3IPaBOOXPAHCHUH, YIPABIICHHUE
MEIUIIMHCKHUMH  YUPSKIACHHSIMH, CHIDKCHHC  3aTpaT  MCEAUIMHCKHX  YUPEKICHHH,
OTICPALIMOHHOC YIIPaBICHUE MCAUITUHCKUMH YUPEIKICHUIMU

TenemenunHa B CBOEH CYIIHOCTH HE SIBJIIETCS HOBBIM SIBJICHHEM camo 1o cebe. OHa
MPAKTUKYETCS C MCIOJIb30BAHHEM JJIEKTPOHHBIX CPEJCTB CBS3U YKE JECCATUIIETUAMH, a C
UCITIOJIb30BAaHUEM TPAIUIMOHHBIX (OPM KOMMYHHKAIMM — Tropas3ao jaojbine. HecMmorps Ha
AOTOT HCTOPUYECKUN KOHTEKCT, TeJIEeMEIUIIMHA, TI0X0XKE, OKa3bIBaeT MOJSIPU3YIOIIEe
BO3JIeiicTBUE Ha npodeccuto Bpaya. JIroau peako 3aHUMAal0T HEUTPATIbHYIO MO3UIHIO 10 ATOMY
BOIIPOCY; OHU JIMOO SIBJISIIOTCS SIPHIMU CTOPOHHUKAMU, JTUOO SPOCTHBIMU TMPOTUBHHUKAMH.
CTOpPOHHUKHM CUHMTAIOT, YTO TeJIEMEJUIIMHA MpeCcTaBiseT coboil Oyaymee. OHa MPUBEHET K
MOBBIIIIEHUIO CTAHIAPTOB MEAUITMHCKOM TTOMOIIH, a TaKXKe K CHIDKEHUIO 3aTpaT. [I[poTuBHUKH
CUUTAIOT, YTO OHA TMPEACTABIACT Yrpo3y TPAIUIIMOHHBIM OTHOIIEHUSIM Bpaya M MalMeHTa U
SIBJISIETCS TI0 CBOEH CyTH HEe0e30MacHBIM CITIOCOOOM MEAUITMHCKOM pakTuku. [loTeHImanpHbIe
IOPUINYECKUE U ITUYECKHUE MPOOJIEMbI, CBSI3aHHBIE C TEIEMEIUIIMHON, YacTO MCIIONIb3YIOTCS
KaK «3aBecay, 4TOObI OI/IepKaTh MHEHHE O TOM, YTO BO3MOJKHBIE OCJIOKHEHUS TeTIEMETUITUHBI
03HAYAIOT, YTO €€ HEJIb35 UCIIOIH30BATh B KAUE€CTBE OCHOBBI JIJIsI KIIMHUYECKOMN CITy»)ObI [1].

TenemenuuuHa cTaja YHHBEPCAJIbHBIM HHCTPYMEHTOM B OKa3aHUU MEIUIIMHCKOW
MIOMOIIIY, TIpeJIaras MHOKECTBO MMPUMEHEHUH, CIIOCOOHBIX MPOU3BECTH PEBOJIIOINIO B YXOJI€
3a manueHTaMu. B 3TOM paznene paccMaTpUBAIOTCA TPU  KIKOYEBBIX MPUMEHEHUS
TeJIEeMEAUIMHBL: JUCTAHIMOHHBIE KOHCYJbTAallMM C BpadyaMmH, BBIIIMCKA pELENTOB U
JUCTAaHIIMOHHBI MOHUTOPUHT COCTOSIHUS TTAIIUEHTOB.
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Bb110 BBISIBIIEHO MHOXKECTBO YCHEMIHBIX TPOTPaMM TEIEMEIUIIMHBI, IEMOHCTPUPYIOITUX
YIYUYIIEHHUE JOCTYNa K METUIIMHCKUM YCIIyTaM B OTJAAJICHHBIX U MaJl000€CTICUCHHBIX pailoHaX.
[IpeumyiiecTBa TENEMEAUIMHBI TPOSIBISUIUCh B PACIIUPEHUM JIOCTyNa K MEAUIIMHCKOM
MIOMOIIM, CHMYKECHUH 3aTpaT W TMOBBIIMIEHUN YyIOBIECTBOPEHHOCTH TarmeHToB. OmgHaKo ObLIH
TaK)K€ BBISIBJICHBI MPOOJIEMBI, TAKUE KaK OrpaHWYEHHash TeXHOJOrmdeckas MHGPacTpyKTypa,
HOPMATHUBHBIE Oapbepbl U MPOOIEeMbl KOH(DUICHIIMATEHOCTH.

TenemenuumHa mnpeajgaraeT MHOXECTBO MPUMEHEHUN, YIYYIIAIOMIMX OKa3aHUe
MEIUIIMHCKON MOMOIIU. JIUCTAaHIIMOHHBIE KOHCYJIbTAIIMM C BpadyaMHd MPEOI0JIEBAIOT
reorpadguueckue O6apbepbl, 00€CIEUNBAIOT CBOCBPEMEHHBIA AOCTYI K CHEIUATH3UPOBAHHON
MOMOIIY ¥ ONITUMHU3UPYIOT UCTIOJIB30BAHUE PECYPCOB 3/IpaBOOXpaHEHUs. BhINucka penenTos ¢
MOMOIIBIO TEJNEMEAUIIMHBI O0ecrneunBaeT ya00CTBO, SKOHOMHIO CPEACTB M YIyYIlECHHUE
COOJIIOZICHUA peKUMa TpueMa JiekapcTB. JIMCTaHIIMOHHBI MOHUTOPUHT COCTOSIHUS MAIllMEHTOB
MO3BOJISIET HEMPEPHIBHO OTCIIEKUBATHh UX 30POBbE, YIYUIIAET YIIPaBICHUE 3a00J€BaHUSIMU U
NOAJIEP)KUBAET MNPO(UIAKTHUECKYIO MEIHUIMHCKYI0 ToMollb. Vcrnone3ys mnoTeHIuan
TEJIEMEIUIIMHCKUX TMPUITIOKEHUN, CUCTEMbI 3/IPaBOOXPAHCHUSI MOTYT PaCUIUPUTh JOCTYI K
MEJIUIIMHCKOW MOMOIIHY, YIAYUYIIUTh PE3yJbTaThl JCUYEHUS MAIMEHTOB M TpaHC(HOPMUPOBATH
CHUCTEMY OKAa3aHMs MEIULIMHCKUX yCIyT [2].

JIuCTaHIIMOHHBIE KOHCYJIbTALMH MO3BOJISIOT NALMEHTAM CBSI3bIBATHCS C MEAUIMHCKUMHU
pabOTHHUKAMU U CIICIUATIUCTAMU C TTIOMOIIBIO TEIEKOMMYHUKAIIMOHHBIX TEXHOJIOTUH, YCTpaHsIs
HEOOXOIUMOCTh B JUYHBIX BHu3uTax. C MOMOIIBIO BUACOKOH(EpeHIM Win Telie(OHHBIX
pa3roBOPOB TMAalMEHTBHl MOTYT OOCYXJaTh CBOM MEAMIIMHCKUE MPOOJIEMBI, IMOIy4YaTh
MEJUIIMHCKHE KOHCYJhTAIlMM W 0OpamarhCs 3a JKCHEPTHHIM MHEHHUEM K MEIUIIMHCKUM
creraniuctam [3]. DTo MpUMEHEHHE TEeJNIeMEIUIIMHBI J0Ka3ajio CBOIW A()PEKTUBHOCTH B
HECKOJIbKUX MEIUIIMHCKUX CHEIUAIbHOCTAX, BKJIIOYAsi MEPBUUYHYIO MEAMIIMHCKYIO MOMOIIIb,
JE€PMAaTOJIOTHIO, ICUXUATPUIO U PAUOJIOTHIO.

JIuCcTaHIIMOHHBIE KOHCYJbTAIMKU MPEIOCTABISIOT Psii IpeuMyIiecTB. Bo-nepBbixX, OHU
NpeojoyieBaloT  reorpaduueckue Oapbepbl, TMO3BOJISII  MAllMEHTaM B CEJIbCKUX U
Maj000eCeYeHHbIX palloHaxX MOJyYaTh CIEHHATM3UPOBAHHYIO TOMOILb, KOTOPasi MOKET OBITH
HEJIOCTYyITHA Ha MECTHOM YypoOBHE. BO-BTOpBIX, OHU CHIKAIOT TPAHCHOPTHBIC HU3JICPKKHU U
CBSI3aHHBIC C HUMU PACXO/IbI JIS MAIIUEHTOB, OCOOEHHO JIJIsl TEX, KTO MPOKUBAET B OTJATICHHBIX
pernonax. Kpome TOro, IUCTaHIIMOHHBIE KOHCYJIbTAllMM JKOHOMAT BpEMS, YCTpaHss
HEOOXOJMMOCTh OXHUJAHUS B MEAMIMHCKUX YUPESKICHUSIX, obOecreunBas yJAOOHBIA U
CBOEBPEMEHHBIN JOCTYIl K MEIMIIMHCKOW 3KcHepTuse [2]. DT NpeuMyllecTBa YyJIy4yllaroT
JOCTYH K MEAMIMHCKUM yCJIyram, I[IOBBIIIAIOT YJOBJIETBOPEHHOCTh MAIlMEHTOB H
ONTUMHU3UPYIOT UCIIOIB30BAHUE PECYPCOB 3PABOOXPAHEHHSI.

TenemenuuuHa ymopocTwia JIOCTaBKy  pELENTOB  MAallMEHTaM  JUCTAHIIMOHHO,
obecnieunBasi y100cTBO U 3 PekTUBHOCTh. C MOMOIIBIO TEIEKOMMYHHKAIIMOHHBIX KaHAJIOB
MEJIUIIMHCKUE PAOOTHUKHA MOTYT YyAAJICHHO MPOCMATPUBATh MEAUIIMHCKUE KapThl MAIlUEHTOB,
OIIEHMBAaTh CUMIITOMBI U BBITIUCHIBATH JieKapcTBa. [laliueHThl MOTYT MOJTy4aTh CBOM PEIICITHI B
AIIEKTPOHHOM BHJI€, KOTOPBIE MOTYT OBITh HAIPSMYIO MEPECIaHbl B alTeKH WM JOCTABJICHBI
MOYTOM.

JlocTaBka peuenToB MOCPEACTBOM TEIEMEAUIMHBI HMEET psja npeumyiiectB. OHa
YCTpaHsSIeT HEOOXOAMMOCTh B JIMYHBIX BU3UTAX TOJBKO IS TOTIOJHEHUS 3alacoB JIEKapCTB,
HKOHOMS BpeMs MAlMEHTOB U COKpalllas TPaHCHOPTHBIE pacxobl. OHA TakkKe CIOCOOCTBYET
COOJIIOICHUIO PEXXHUMA TIPHUEMa JIEKapCTB, 00eCIeunBasi CBOEBPEMEHHBIN JOCTYTI K JIEKapCTBaM,
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MUHAMH3UPYS TEPEPHIBBI B JICUCHUU U CHIDKASI BEPOSTHOCTH HECOOIIOICHUS PEKUMA TIpreMa
nekapctB [4]. Kpome Toro, gocraBka perienToB MOCPEACTBOM TEIEMEAUIIMHBI MOXET OBIThH
0COOEHHO TIOJIe3HA /IS JIFOJIeH ¢ OTPAaHMYEHHOMN MOABMYKHOCTBIO WIIH JIUIS TE€X, KTO MPOKUBACT
B OT/TAJICHHBIX pallOHaX ¢ OTPAaHUYCHHBIM JJOCTYIIOM K MECTHBIM alTEKaM.

JINCTAaHITMOHHBIA MOHUTOPUHI COCTOSIHUSI MAIlMEHTOB MPEIOJIaraeT HCIOJIb30BaHUE
TEXHOJIOTUMA JUIsI OTCJIC)KUBAHUSI COCTOSHUSL 3/I0POBbsSI MMAlIMEHTOB, >KU3HEHHO BaKHBIX
nokasarejied, CHUMITOMOB M IIporpecca JIeYeHUsI Ha pPacCTOSHUU. ITO TPUMEHEHHUE
TeJIeMEAUIIMHBI TTO3BOJISIET MEUIIMHCKUM PA0OOTHUKAM OTCJIEKUBATh U OLICHUBATh COCTOSTHUE
3J10POBbS MMALIUEHTOB YJAJICHHO, CBOJII K MUHUMYMY HEOOXOUMOCTh YaCThIX JTUYHBIX BU3UTOB.

JINCTAaHITMOHHBIA ~ MOHUTOPUHI  COCTOSIHMSI TAIMEHTOB HCIONB3YET PAa3IUYHbIC
YCTPONCTBA, TaKME KaK HOCUMbBIC TaTYUKH, MOOMJIBLHBIC MPUIIOKESHUS IS 3APABOOXPAHCHUS U
000py0BaHuE NJIs TEJIEMOHUTOPUHTA. DTHU YCTPONCTBA MO3BOJISIOT COOMpaTh U NepeaaBaTh
JAHHBIE B PEKUME PEATBHOTO BPEMEHH, YTO IIO3BOJIICT MEIUIIMHCKUM pPaOOTHHUKAM
OTCIIC)KUBATHh COCTOSIHHE TAIIUCHTOB M BMEIIMBATHCS TIPH HEOOXOAMMOCTH. DTO MPUIIOKECHUE
0COOEHHO ITOJIC3HO VIS JICUCHHUST XPOHUIECKUX 3a00I€BaHN, TAKUX KaK AUA0ET, THIIEPTOHUS U
0oJie3HU cepalia.

JINCTaHITMOHHBIA MOHUTOPUHT COCTOSTHHUS TAIMEHTOB TpEIjIaraeT psj MPEeUMYIIECTB.
OH yiyumaeT ymnpaBiieHHE 3a00JI€BaHUSIMU, MPEIOCTABISS MEIUIMHCKUM pPaOOTHHUKAM
HEMPEPhIBHBIE OOBEKTUBHBIC JAaHHBIE O COCTOSHUU 3JI0POBbS MAIUEHTOB, YTO IO3BOJISIET
CBOEBPEMEHHO BMEIIMBATHCS U KOPPEKTUPOBATh IUIaHbI JiedeHHUs. [lalMeHThl TOoJydaroT
BBITOJIy OT COKpAIICHHUS YMCia TOCHUTAIU3AIUMN, YIYUYIIeHUs] CAMOKOHTPOJIA M TOBBIIICHUS
BOBJICYCHHOCTH B COOCTBEHHOE 3/ipaBooxpaHeHne. Kpome Toro, AMCTaHIIMOHHBI MOHUTOPUHT
COCTOSIHMSI TIalIUEHTOB MOXKET CIOCOOCTBOBATh PAHHEMY BBISBJICHHUIO OCIOXXKHEHHM WU
W3MCHCHUI B COCTOSIHUM 3[I0POBBsSI, UTO MPUBOJNUT K MPOAKTUBHOMY M MPO(DHIAKTHUIESCKOMY
yxony [5].

OnHako Ba)XHO TMOHUMATh OTPAHWYCHUS IUCTAHIIMOHHOTO MOHHUTOPHWHTA COCTOSTHHS
nareHToB. OH MOXKET OBITh HENPHUTOJEH I BCEX MEAMIIMHCKUX COCTOSTHHM, TTOCKOJBKY
HEKOTOPBIE COCTOSHUS MOTYT OTPEOOBATh OYHBIX OCMOTPOB MJIM BMEMIaTeNbCTB. KpoMme Toro,
yCHEIIHas peaan3arus JUCTAaHITMOHHOTO MOHHMTOPHHTA 3aBUCHUT OT TOTOBHOCTH TAITUECHTOB
aKTUBHO Y4YacTBOBaThb, TIPEIOCTABIAThH TOYHBIC JaHHBIE M COONIOAATh IPOTOKOJIBI
MOHUTOPHWHTA.

TenemenunHa crana pPEBOJIONUOHHBIM pEIICHUEM IS TPEOJIOJICHHUs] pas3pbhiBa B
JOCTYIIe K MEIUIIMHCKOW TOMOIIMM M YJIY4YIICHUS PEe3yJbTAaTOB JICUCHHS] B CEIBbCKUX H
MaJji000ECTICYCHHBIX paiioHax. Ucnonp3ys TEXHOJIOTUH u WHHOBAIMOHHBIC
KOMMYHUKAIIMOHHBIE  TIAaTGOPMBI, TEIEMEAWIIMHA Tpeajiaraet psii  MPEUMYIIECTB,
MO3BOJISIONINX PEIIaTh yHUKAIbHBIE TPOOJIEMBI, C KOTOPBIMU CTAJIKHUBAIOTCS ITH TPYIMIIBI
HaCeJIeHUSI.

Tenemenuuuaa  SBISICTCS  JKM3HEHHO  BaXHBIM ~ MHCTPYMEHTOM IS JIIOJIEH,
MPOKUBAIOIIMX B OTHAJCHHBIX WU TeorpaduyecKd H30JUPOBaHHBIX paiioHax. OHa
npeojojieBaeT reorpaduyeckue Oapbepbl, CBA3bIBasS MMAIIMEHTOB C MEIUIIUHCKUMHU
pabOTHUKAMU HE3aBUCHMO OT HMX (PU3MYECKOT0 MeCTOomojokeHus. IlannreHTtam Oosbine He
HY)KHO TIPEOJIOJICBaTh OOJIBIINE PACCTOSHUS WU JOJTO JKIaTh MEIUIIMHCKOW ITOMOIITH.
brnaromaps Tenemenuiiiae OHM MOTYT MOJIYYUTh TOCTYT K MIMPOKOMY CIIEKTPY MEIUITMHCKUX
yCIIyT, BKJIFOYasi KOHCYJIbTAIlMHU, TUATHOCTUYECKHE OOCIeOBaHUS, MOCICAYIOMNE BUSHTH U
MIOCTOSIHHOE YTIPaBJICHUE JICUEHUEM. JTOT PACIIMPEHHBIN JOCTYN K MEIUIIMHCKUM YCIyraMm
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MO3BOJISIET CBOEBPEMEHHO OKa3bIBATh TOMOIIb, COKPAILAET HEPABEHCTBO B 3/[PABOOXPAHEHUU H
CIOCOOCTBYET YJIYUILIECHUIO PE3YJIbTATOB JICUCHHUS B CEIBCKUX M MAJIOOOECIICUEHHBIX pailoHax
[6].

Pacmmpenne  goctyma K CHEHMAJIM3MPOBAHHOW  MEOUUIMHCKOM  IOMOIIM:
Crennanu3upoBaHHas MEIUIIMHCKAS TIOMOIIb YacTO SBJSETCSA ASPUIMTHON UM OTCYTCTBYET
B CEJIbCKUX M MallooOECleYeHHBIX paiioHax. TenemeauiuHa o0ieryaer JIOCTYN K
KBUTM(PUIIUPOBAHHBIM MEIUIIMHCKUM pPAa0OTHHUKAM, MO3BOJSS MPOBOAUTH JIMCTAHIIUOHHBIC
KOHCYJIbTAllMM ¥ BUPTYyaJbHbIC BU3HUTHL. [lallMEHTHI MOTYT CBS3aThCS CO CHEUUAIMCTAMHU B
Pa3IMYHBIX 00JIACTSIX, TAKUX KaK KapIUOJIOTHs, AePMATOJIOT s, ICUXUATPUS U pauoJIOTHsI, 6e3
HEOOXOJMMOCTHU MPEOA0JIEBATh OOJIBIINE PACCTOSHUSA. DTOT JOCTYIl K CIENUATU3UPOBAHHON
HKCIIEPTHU3E MOBBIIIAET KAYECTBO MEAUIIMHCKON MOMOIIY, YIy4lIa€T TOYHOCTh JUATHOCTUKU U
MO3BOJISIET CBOEBPEMEHHO [aBaTh PEKOMEHJALMU MO JIeYeHUI0. biarojgaps TeleMeIuuuHe
CEeNbCKUE U MAIO00ECTIEUEHHBIE COOOIECTBA MOIYYalOT JOCTYN K 00Jiee NIMPOKOMY CHEKTPY
MEJUIMHCKUX 3HAHUM M ONBITA, YTO B KOHEYHOM HUTOT€ YJIYUIIAET PE3yibTaThl JEUCHHS H
YJOBIIETBOPEHHOCTh MALIUEHTOB [7].

TenemenuunHa cnocoOCTBYET CBOEBPEMEHHOMY BMENIATENIbCTBY U MPOPUIAKTUUECKON
MOMOIILIM, YTO KpaiHE BAXXHO B CEJIbCKUX M MaJOO0ECHEYEHHBIX paillOHax, e AOCTYyH K
3[paBOOXPAHEHUI0 MOXXET OBITh OrpaHudeH. biarogaps IHUCTaHIIMOHHOMY MOHHUTOPHHIY
MEAMIMHCKHE PA0OTHUKUA MOTYT OTCIIEXKHMBATh >KU3HEHHO BaXKHbIE MOKA3aTEIM MAllEHTOB,
CUMITOMBI U MPOTrpeECCUpPOBaHKE 3a00IEBaHMSI B PEKUME PEATLHOTO BPEMEHHU. JTO MO3BOJISIET
BBISIBIISITh OCJIOKHEHUs HA paHHEW CTaguu, NPOBOJAUTH YNPEKIAIOIIME BMEIIATEIbCTBA U
npopuaakTuueckue Mepbl. s mrogel ¢ XpoHHYecKMMHU 3a00J€BaHUSIMHU TeJIeMeIULMHA
npeiaraeT HENpepblBHOE yIpaBieHHE 3a00JeBaHUEM, IO3BOJISAS MalMEHTaM AaKTUBHO
y4acTBOBAaTh B COOCTBEHHOM JIEYEHUHU U NMPUHUMATh 0OOCHOBAaHHbIE pelieHUs 00 U3MEHEHHUH
o0Opasa *M3HU M IIaHax JedeHus. CBOEBPEMEHHOE BMEMIATENILCTBO M MPOQUIAKTHUECKAsS
NOMOIIlb, O0OECIeYnBaeMble TEJIEMEIULUHON, CHOCOOCTBYIOT YJYUIIEHUIO IMOKa3aTeseu
3JI0pPOBbsI, CHI)KEHHUIO YMCIa TOCMUTAIU3AUUNA U YIYUIIEHUIO OOLIEro COCTOSHHS 340POBbS
HACEJICHUSI B CEJIbCKUX M Maj000EeCIIeueHHbIX pailoHax [4].

TenemenuunHa cocoOCTBYET PACIIMPEHHUIO MPaB U BO3MOKHOCTEH MALMEHTOB U UX
BOBJICUEHHUIO B MpPHUHATHE pelieHuil B cdepe 3apaBooxpaHeHus. [lpenocraBisist ynoOHBIM
JOCTYyN K MEIUIMHCKUM yCIIyraM, MalUeHTbl IMOJIy4aroT OOJIbIIMI KOHTPOJIb HaJl CBOUM
3I0pOBbEM M MOTYT aKTHUBHO y4YacTBOBAaTh B YIpPaBJIEHUU CBOUM cocTosiHueM. Ilnardopmbl
TeJIeMEIUIIMHBI YacTO MpesiaraloT 00pa3oBaTeIbHbBIE PECYPChI 171 NAIMeHTOB, HHCTPYMEHTHI
yAaJE€HHOTO MOHUTOPUHTAa M 3allUIICHHBbIE CUCTEMbl OOMEHa COOOLIECHUSMH, KOTOpPbIE
CHOCOOCTBYIOT OOLICHUIO MEXIy TIalUEeHTOM W BpauoM M TMOBBIIIAIOT BOBJICYEHHOCTh
naieHToB. [lanuenTsl, 00JanaonMe paciiupeHHbBIMI IPaBaMH U BO3MOKHOCTSIMH, C OOJIbLIEH
BEPOSTHOCTBIO OyIyT COONIOJATh IJIAHBI JICUCHUS, BECTH Oojiee 3J0pOBbI 00pa3 KU3HU U
UTpaTh aKTUBHYIO POJIb B YNPABICHUU CBOUM 3JI0POBbEM, UTO B KOHEUHOM UTOT€ MPUBOJUT K
YIYUIIEHUIO TTOKa3aTesIel 310pOBbs B CEILCKUX U MAJIOOOECTIEUeHHBIX palioHax [8].

B 3akmtouenue teneMenuiMHa npejiaraeT 3HauuTeIbHbIE TPEMMYILECTBA U OKa3bIBAET
CYIIECTBEHHOE BJIMSIHUE Ha YIy4IIeHHE JO0CTyNa K MEAUIIMHCKON MOMOIIM M PE3yJIbTaTOB
JICYEHHS] B CEIIbCKMX M Malo00eCHeueHHbIX paloHax. Pacmmpsisi TOCTyn K MEIULMHCKUM
yciyraMm, o0ecrneunBas CHEIHAIM3UPOBAHHYIO TOMOIIb, CHWXKas 3aTrpaThl, IO3BOJISSA
CBOEBPEMEHHO MPOBOAMTH BMEIIATEIbCTBA U MPOYUIAKTUYECKYIO TOMOIIb, a TaKXKe
CHOCOOCTBYsl paCIIMPEHHIO TIPaB M BO3MOXKHOCTEHW MAlIMEHTOB M UX BOBJICYCHHIO,
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TeJIeMEAUIMHA PEIIAET YHHUKAJIbHbIE MPOOJEMBI, C KOTOPHIMH CTAJIKHBAIOTCS 3TU TPYIIIbI
HaceneHus. Vcnonb3yss BO3MOKHOCTM TEXHOJIOTMH, TEJIEMEIHUIIMHA MMEET MOTEHUUal s
peoOpa3oBaHus CUCTEMBI 3APAaBOOXPAHEHHUS, COKpAILIEHUSI HEPABEHCTBA U yJTyUIICHHsI OOIIEeTOo
COCTOSTHUS 37I0POBbBSI U OJ1aromoIy4us JIt0JIeH B CEIbCKUX U MaIOOOECIICUEHHBIX OOIIMHAX.
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Abstract: Web Quest technology has emerged as an innovative pedagogical tool for
enhancing foreign language communicative competence among language university students.
This approach integrates digital resources with structured, inquiry-based tasks, enabling learners
to engage with authentic and meaningful content while practicing language skills in real-world
contexts. As the demand for effective, technology-driven teaching strategies grows,
understanding the potential of Web Quests in fostering linguistic, pragmatic, and collaborative
competencies has become increasingly relevant. Unlike traditional methods, which often lack
engagement and contextual application, Web Quests provide an interactive platform that aligns
with modern communicative language teaching principles.

The primary aim of this study is to evaluate the role of Web Quest technology in
developing foreign language communicative competence. A systematic literature review was
conducted, focusing on studies that explore the benefits, challenges, and practical applications
of Web Quests in language education. Key findings reveal that Web Quests enhance student
engagement and motivation through interactive and task-based learning. They improve
linguistic accuracy, discourse cohesion, and pragmatic skills by immersing students in authentic
communication scenarios. Additionally, the collaborative nature of Web Quests fosters
teamwork, interpersonal communication, and critical thinking, all of which are integral to
effective language use.

However, the review also identifies challenges associated with Web Quest
implementation. These include the need for extensive teacher training, time-consuming task
design, digital literacy disparities, and ensuring equitable access to technology. Addressing
these challenges is essential for optimizing the potential of Web Quests as a didactic tool. The
study underscores the importance of professional development programs for educators,
structured task planning, and investment in digital infrastructure to ensure successful
integration.

The significance of this research lies in its contribution to understanding how Web Quests
can transform language learning by bridging the gap between theoretical knowledge and
practical application. By providing students with immersive, technology-driven learning
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experiences, Web Quests promote not only communicative competence but also essential 21st-
century skills such as collaboration and problem-solving. The findings offer valuable insights
for educators and curriculum designers seeking to innovate language education and prepare
students for the communicative demands of a globalized world. This review concludes by
recommending further research on long-term impacts, cross-cultural applications, and strategies
for addressing implementation challenges to fully harness the potential of Web Quest
technology in foreign language education.

Keywords: interactive learning, digital tools, task-based instruction, collaborative
strategies, inquiry-based pedagogy, language proficiency, communicative skills

Introduction. The rapid advancement of digital technologies has revolutionized
educational practices, offering innovative tools to enhance language learning. Among these,
Web Quest technology has gained prominence as an interactive, task-based approach that
integrates digital resources into the learning process. For language university students,
developing foreign language communicative competence is a fundamental goal that requires a
combination of linguistic, cognitive, and cultural skills. Web Quests, with their focus on inquiry-
based learning and collaboration, provide a dynamic platform for achieving these competencies
by immersing students in real-world, problem-solving tasks that simulate authentic
communication scenarios.

The relevance of this topic lies in the growing demand for effective teaching methods that
align with the needs of digitally native learners. Traditional approaches to communicative
competence development often lack engagement and fail to fully utilize the potential of modern
technology. Web Quests address these gaps by combining interactive activities, multimedia
content, and authentic materials, fostering both motivation and deeper learning. Additionally,
Web Quests align with the principles of learner autonomy and collaborative learning,
empowering students to take active roles in their educational journey while enhancing their
communicative skills in meaningful contexts.

The primary objective of this study is to explore the potential of Web Quest technology
as a didactic means for developing foreign language communicative competence among
language university students. The specific aims include:

- Evaluating the effectiveness of Web Quests in enhancing key components of
communicative competence, such as linguistic accuracy, pragmatic skills, and cultural
understanding.

- Analyzing existing research on the design and implementation of Web Quests in
language education.

- Identifying challenges and best practices for integrating Web Quests into language
university curricula.

- Proposing recommendations for educators and curriculum designers to optimize the use
of Web Quests in fostering communicative competence.

By addressing these objectives, this research seeks to contribute to the development of
innovative teaching practices that leverage digital tools to enhance language learning outcomes.
The study underscores the importance of aligning educational strategies with technological
advancements to prepare students for the communicative demands of a globalized world.

Theoretical background. Web Quest technology represents an innovative approach to
language education, combining task-based learning principles with digital tools to create
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engaging and authentic learning experiences. Web Quests, first introduced by Dodge (1995),
are inquiry-based learning activities that guide students through a structured process of
information gathering and problem-solving using web resources. Typically, Web Quests include
components such as an introduction, task description, process steps, evaluation criteria, and a
conclusion. In the context of language learning, Web Quests are designed to immerse students
in real-world communicative scenarios that require them to use the target language for
meaningful purposes. By incorporating multimedia elements and authentic materials, Web
Quests provide rich contexts for developing both linguistic and pragmatic skills [1].

Communicative competence encompasses a range of skills necessary for effective
language use, including grammatical competence (accuracy and structure), sociolinguistic
competence (appropriate language use in context), discourse competence (coherence and
cohesion), and strategic competence (managing communication breakdowns). According to
Canale and Swain’s (1980) model, these components are interrelated and essential for successful
interaction in a foreign language. For language university students, communicative competence
1s a critical goal, as it prepares them for academic, professional, and intercultural communication
[2].

Web Quests align with the principles of communicative language teaching (CLT) by
emphasizing interaction, authentic communication, and learner-centered activities. Research
indicates that Web Quests can effectively enhance various aspects of communicative
competence. Linguistic accuracy is developed through tasks requiring precise language use,
such as report writing or presentations. Pragmatic skills are fostered by exposing learners to
culturally appropriate language use and scenarios. Collaborative learning is encouraged through
group-based Web Quests, which promote teamwork and peer communication, fostering both
language skills and social interaction. Inquiry-based tasks also promote critical thinking and
analytical skills, which are essential for effective communication [3].

Several theoretical frameworks underpin the use of Web Quests in language education.
Task-Based Language Teaching (TBLT) supports the use of Web Quests, as they involve goal-
oriented activities requiring meaningful language use. Constructivist principles are evident, as
Web Quests encourage learners to construct their own knowledge through exploration and
interaction. Socio-cultural theory, based on Vygotsky’s ideas, highlights the role of social
interaction in learning, which is facilitated by collaborative problem-solving and peer learning
in Web Quests [4].

Despite their benefits, Web Quests present challenges. Teachers may face difficulties in
designing tasks that align with curriculum objectives and meet students’ proficiency levels.
Disparities in digital access and technical skills can hinder effective implementation, and the
time-intensive nature of creating and managing Web Quests poses additional challenges.
Nevertheless, the literature highlights that Web Quests hold significant potential for enhancing
foreign language communicative competence, particularly for language university students. By
integrating authentic tasks, multimedia resources, and collaborative activities, Web Quests
address the limitations of traditional teaching methods while promoting engagement and learner
autonomy. To maximize their impact, educators must focus on careful task design, training, and
ensuring equitable access to digital tools [5]. This theoretical overview establishes Web Quest
technology as a valuable didactic tool for language education, supported by strong theoretical
foundations and practical evidence of its effectiveness in fostering communicative competence.
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uest technology for communicative competence

Aspect Benefits Challenges Strategies
Increases student Designing tasks that Develop tasks that
motivation through balance engagement integrate authentic,
Engagement | . . Lo . .
interactive and inquiry- and language learning relevant, and meaningful
based tasks. objectives. content.
. May not cater to all Provide pre-task
. Encourages precise . o
Linguistic . proficiency levels activities and language
language use in structured | = .
Accuracy ] . without proper support to help students
tasks like report writing. .
scaffolding. prepare.
. Enhances .cultural Limited availability of | Curate high-quality,
Pragmatic understanding and . .
. ) culturally rich and culturally appropriate
Skills appropriate language use . . .
. diverse resources. materials and scenarios.
1n context.
. Assign clear roles and
Promotes teamwork and | Managing group o e o
) . ; . responsibilities within
Collaboration | peer communication dynamics and ensuring
through group tasks equal participation teams to foster balanced
£h group quaip P collaboration.
o . se templates and pre-
Develops problem- Time-intensive U i p p
. . . . designed Web Quests to
Critical solving and analytical preparation and task s
.. . . . reduce preparation time
Thinking skills through inquiry- management for . .
while maintaining
based tasks. educators. .
quality.
Provides access to TN Ensure equitable access
. . Disparities in digital
Technology | multimedia resources and . to technology and
. access and technical . >
Use authentic web-based . provide training on
: skills among students. .
materials. digital literacy.

Methodology. This review employs a systematic approach to literature selection and
thematic analysis to explore the role of Web Quest technology in developing foreign language
communicative competence among language university students. The methodology ensures the
inclusion of relevant, high-quality studies and a comprehensive synthesis of findings. The
literature selection process involved several stages. First, major academic databases such as
Google Scholar, ERIC, Scopus, and PubMed were searched to locate peer-reviewed journal
articles, conference proceedings, and book chapters. Search terms including “Web Quest
technology,” “foreign language communicative competence,” “task-based language teaching,”
and “digital learning tools” were used in combination with Boolean operators to refine the
results.

Studies were included based on specific inclusion criteria. They were required to focus
on Web Quest technology or similar digital tools in language learning, address aspects of foreign
language communicative competence such as linguistic accuracy, pragmatic skills, or
collaboration, and present empirical evidence, theoretical frameworks, or practical
recommendations. Articles were excluded if they lacked methodological rigor, focused on non-
linguistic disciplines, or did not discuss Web Quest technology in the context of language
education. Titles and abstracts of the identified studies were screened for relevance, and the full
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texts of shortlisted articles were reviewed for final inclusion. The systematic search resulted in
the selection of a diverse range of studies providing insights into the application of Web Quest
technology in language education.

Once the relevant studies were selected, a thematic analysis was conducted to identify
recurring patterns and key themes. This process involved systematically coding the findings of
each study using qualitative analysis techniques. Codes such as “engagement,” “task-based
learning,” “collaboration,” and ‘“digital literacy” were applied to categorize the data. These
codes were then grouped into broader themes, including the benefits of Web Quests for
communicative competence, challenges in their implementation, and strategies for effective
integration. Thematic analysis helped synthesize diverse perspectives, providing a
comprehensive understanding of the role of Web Quests in language education.

This methodology ensured a robust framework for analyzing and interpreting the
literature, highlighting both the potential and limitations of Web Quest technology in fostering
foreign language communicative competence. By systematically identifying key insights and
practical implications, this review aims to contribute to the development of effective teaching
practices in language university settings.

Findings and Discussion. The findings from the literature review provide comprehensive
insights into the potential of Web Quest technology as a didactic tool for developing foreign
language communicative competence among language university students. Key themes
emerged regarding the benefits of Web Quests, challenges in their implementation, and their
implications for educational practice.

The review highlights that Web Quest technology significantly enhances student
engagement by integrating interactive, inquiry-based tasks into the learning process. The
structured nature of Web Quests, combined with their reliance on authentic web-based
materials, fosters active participation and curiosity. Tasks such as collaborative problem-solving
and simulated real-world scenarios provide students with opportunities to engage with the target
language in meaningful ways, boosting both intrinsic motivation and sustained interest.

Web Quests effectively develop various aspects of communicative competence, including
linguistic, pragmatic, and discourse skills. Linguistic accuracy is enhanced through tasks that
require precise language use, such as written reports or oral presentations. Pragmatic skills are
cultivated as students navigate culturally appropriate expressions and contextual language use
in authentic scenarios. Additionally, discourse competence is improved through activities that
promote coherence and cohesion, such as group discussions and collaborative writing tasks.

Web Quests encourage collaborative learning by involving students in group tasks that
require teamwork and peer interaction. This collaborative approach not only improves language
proficiency but also develops interpersonal communication skills, which are essential for
professional and academic settings. Moreover, inquiry-based tasks challenge students to
analyze, evaluate, and synthesize information, fostering critical thinking and problem-solving
abilities.

Despite their benefits, Web Quests present notable challenges. Designing effective Web
Quests that align with curriculum objectives and language proficiency levels can be time-
intensive for educators. Technical barriers, such as disparities in digital access and varying
levels of student digital literacy, further complicate implementation. Additionally, managing
group dynamics and ensuring equitable participation in collaborative tasks are identified as
potential hurdles.
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The review emphasizes the critical role of teacher preparedness in the successful
implementation of Web Quests. Many educators require training in digital pedagogy, Web
Quest design, and integrating technology into communicative language teaching. Without
proper training, the full potential of Web Quest technology may remain untapped.

The findings underscore the transformative potential of Web Quest technology in
language education. By promoting active learning, collaboration, and authentic communication,
Web Quests address limitations in traditional teaching methods and align with the needs of
modern learners. They provide a dynamic platform for integrating technology into the
classroom, fostering not only language proficiency but also critical 21st-century skills such as
teamwork, problem-solving, and digital literacy.

The implications of these findings are significant for educators, curriculum designers, and
policymakers:

- Curriculum Integration: Web Quests should be systematically integrated into language
university curricula to support communicative competence development.

- Professional Development: Institutions must invest in teacher training programs to equip
educators with the skills needed to design and implement effective Web Quests.

- Equitable Access: Addressing digital disparities is crucial to ensure that all students can
benefit from Web Quest-based learning.

- Future Research: Longitudinal studies are needed to evaluate the long-term impact of
Web Quest technology on communicative competence and its scalability across diverse
educational contexts.

In conclusion, Web Quest technology represents a powerful tool for enhancing foreign
language communicative competence, provided that its implementation is carefully planned and
supported by adequate resources and training. By addressing existing challenges, educators can
harness the full potential of Web Quests to create engaging, effective, and inclusive language
learning environments.

Conclusion. This review highlights the transformative potential of Web Quest
technology in enhancing foreign language communicative competence among language
university students. The findings demonstrate that Web Quests effectively address key aspects
of communicative competence, including linguistic accuracy, pragmatic skills, and discourse
cohesion, by providing students with structured, inquiry-based tasks rooted in authentic and
interactive digital resources. By fostering engagement, motivation, collaboration, and critical
thinking, Web Quests offer a dynamic alternative to traditional teaching methods, aligning well
with the demands of modern learners and the objectives of communicative language teaching.

Despite these advantages, the review identifies several challenges that must be addressed
for successful implementation. These include the need for teacher training, time-intensive task
design, managing collaborative dynamics, and overcoming technical barriers such as unequal
access to digital tools and varying levels of digital literacy. Addressing these challenges is
crucial to maximizing the effectiveness of Web Quest technology in language education.

Suggestions for future research:

- Long-Term Impact Studies: Conduct longitudinal studies to evaluate the sustained
impact of Web Quest technology on communicative competence and its transferability to real-
world communication contexts.

- Cross-Cultural Applications: Investigate the effectiveness of Web Quests in diverse
cultural and linguistic settings to understand their adaptability and scalability.
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- Teacher Training Models: Explore innovative professional development programs
focused on equipping educators with the skills and resources necessary for effective Web Quest
integration.

- Technological Advancements: Examine the integration of emerging technologies, such
as artificial intelligence and virtual reality, into Web Quest design to enhance interactivity and
learner engagement.

- Equity and Access: Research strategies to mitigate digital disparities and ensure
equitable access to Web Quest-based learning for students in under-resourced environments.

- Learner Autonomy: Analyze the role of learner autonomy in Web Quest-based
education and identify strategies to balance guided and self-directed learning.

By addressing these research gaps, future studies can contribute to refining Web Quest
technology as a powerful and inclusive tool for developing foreign language communicative
competence. These efforts will further support educators and institutions in creating effective,
inovative, and equitable language learning environments for university students.
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THE IMPACT OF ONLINE LEARNING ON STUDENT MOTIVATION: A
QUANTITATIVE ANALYSIS

Abstract: This study investigates the impact of online learning on student motivation
across different age groups using a quantitative research approach. The growing integration of
digital technologies into education has increased the importance of understanding how online
learning environments influence learners’ motivation and engagement. Data were collected
through an online questionnaire administered to participants from two age groups: 18—22 years
and 27 years and above. Respondents evaluated statements related to online learning and
motivation using a five-point Likert scale. Descriptive statistical analysis was conducted to
compare motivation levels between the groups. The findings revealed that younger learners
demonstrated more positive attitudes toward online learning and higher levels of motivation
compared to older learners. Participants aged 18-22 reported the highest average scores,
indicating greater adaptability to digital learning environments. In contrast, older learners
showed lower motivation levels, which may be associated with technological challenges,
reduced interaction, and preferences for traditional educational formats. The study highlights
the importance of considering age-related differences when designing online learning
environments and instructional strategies. The results suggest that enhancing digital literacy,
providing technical support, and incorporating interactive learning activities can improve
student motivation in online education. Despite limitations related to the small sample size, the
study contributes to the understanding of factors influencing motivation in digital learning
contexts and provides recommendations for future research and educational practice.

Keywords: online learning, student motivation, digital education, e-learning, age
differences, learner engagement, educational technology, self-regulated learning, digital
literacy, quantitative analysis.

Introduction. In recent years, education has undergone significant transformation due to
the rapid development of digital technologies. The widespread adoption of online learning,
particularly following the COVID-19 pandemic, has encouraged educational institutions to
integrate digital platforms into teaching and learning processes. As online education becomes
increasingly common, understanding its impact on student motivation has become an important
area of research.

Student motivation is a key factor influencing academic achievement, engagement, and
persistence in learning activities. Motivated learners are more likely to participate actively in
the educational process and achieve better learning outcomes [1]. Online learning offers several
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advantages, including flexibility, accessibility, and opportunities for independent learning.
However, its effectiveness may vary depending on learners’ age, digital competence, and
learning preferences [2, 3].

Previous studies have demonstrated that online learning environments can support learner
autonomy and self-regulated learning, which are closely associated with academic motivation
[4]. At the same time, researchers have identified several challenges, including reduced social
interaction, technological difficulties, and limited direct communication with instructors, which
may negatively affect students’ motivation [5, 8].

Age is considered an important factor influencing students’ attitudes toward online
learning. Younger learners who have grown up in a technology-rich environment tend to adapt
more easily to digital learning platforms [6]. In contrast, older learners may experience
difficulties adjusting to technology-based instruction and often demonstrate stronger
preferences for traditional classroom settings [7].

The purpose of this study is to examine the influence of online learning on student
motivation across different age groups. Specifically, the study compares the perceptions and
motivation levels of younger and older learners participating in online education.

Literature review. The relationship between online learning and student motivation has
been widely investigated in educational research. According to Self-Determination Theory,
motivation is influenced by learners’ needs for autonomy, competence, and relatedness [12].
Online learning environments can support these needs by providing flexibility and opportunities
for independent learning [1].

Hung et al. [2] found that students who demonstrate greater readiness for online learning
are more likely to report positive learning experiences and higher levels of motivation.
Similarly, Sun et al. [3] identified learner satisfaction, course design, and technological support
as significant factors influencing the effectiveness of online learning.

Zimmerman [4] emphasized the importance of self-regulated learning, arguing that
students who effectively manage their learning process often demonstrate stronger academic
motivation. In online environments, self-regulation becomes particularly important because
learners are required to manage their own time and learning activities.

Despite these advantages, several studies have highlighted potential limitations of online
learning. Richardson and Swan [8] reported that social presence and interaction significantly
influence students’ learning satisfaction and motivation. Hartnett [5] further noted that
insufficient interaction and low engagement may reduce motivation in online courses.

Research has also suggested that age influences learners’ attitudes toward technology-
based education. Prensky [6] introduced the concept of “digital natives,” referring to younger
individuals who are generally more comfortable using digital technologies. Older learners,
sometimes described as “digital immigrants,” may require additional support when adapting to
online learning environments. Moore’s Theory of Transactional Distance [7] also suggests that
reduced communication and psychological distance may affect learners differently depending
on their educational background and experience.

Methods. This study employed a quantitative research design using descriptive and
comparative approaches. Data were collected through an online questionnaire consisting of
statements related to online learning and student motivation.
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A total of eight participants took part in the study. Respondents represented different age
groups; however, due to the absence of responses from the 23—-26 age category, the analysis
focused on two groups: learners aged 18—22 and learners aged 27 and above.

Participants evaluated statements using a five-point Likert scale ranging from strong
disagreement to strong agreement. Higher scores indicated more positive attitudes toward online
learning and stronger motivation levels.

The collected data were analyzed using descriptive statistical methods. Mean scores were
calculated for each age group, and comparisons were made to identify differences in motivation
levels. Due to the limited sample size, advanced statistical analyses were not conducted.

Results. The findings revealed noticeable differences between the two age groups
regarding their perceptions of online learning.

Participants aged 18—22 demonstrated the most positive attitudes toward online learning,
with an average score of 10 positive responses. These results suggest that younger learners are
generally more willing to engage with online learning environments and demonstrate higher
levels of motivation.

In contrast, participants aged 27 and above obtained a lower mean score of 8.67. This
finding indicates that older learners may experience more difficulties when participating in
online learning or may prefer traditional learning formats.

The absence of data from the 23-26 age group represents a limitation of the study. This
age category often includes university graduates and working professionals whose experiences
could provide additional insights into online learning motivation.

Overall, the results suggest that younger learners adapt more successfully to online learning
environments than older learners and generally demonstrate stronger motivation toward digital
education.

Discussion. The findings of this study are consistent with previous research indicating that
younger learners often respond more positively to online learning environments [2, 6]. Their
familiarity with digital technologies and confidence in using online platforms may contribute to
higher motivation levels.

Older learners, on the other hand, may face challenges related to technology use, reduced
interaction, and unfamiliarity with online educational environments [5, 7]. These factors can
negatively influence motivation and engagement in digital learning activities.

The study also supports previous findings suggesting that the effectiveness of online
learning depends on individual characteristics rather than the learning format alone [1, 11].
Factors such as digital competence, self-regulation skills, and learning preferences play
important roles in shaping learners’ motivation.

Although online learning offers flexibility and accessibility, educational institutions should
consider age-related differences when designing instructional strategies. Providing technical
support, clear guidance, and opportunities for interaction may help improve motivation among
older learners.

Nevertheless, the study has several limitations. The small sample size and the lack of
representation from the 23-26 age group limit the generalizability of the findings. Future
research should include larger and more diverse samples and employ additional measurement
tools to provide a more comprehensive understanding of online learning motivation.

Practical implications of the study. The findings of this study have important
implications for educators, educational institutions, and policymakers involved in the
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development of online learning environments. As digital education continues to expand,
understanding the factors that influence student motivation becomes increasingly important for
ensuring effective learning outcomes.

One of the key findings of this research is that younger learners tend to demonstrate higher
levels of motivation in online learning environments than older learners. This suggests that
educational institutions should consider age-related differences when designing and
implementing online courses. While younger students often adapt quickly to digital
technologies, older learners may require additional support, guidance, and training to become
comfortable with online learning platforms.

To increase motivation among all learners, instructors should incorporate interactive
teaching methods such as discussion forums, collaborative projects, virtual group activities, and
multimedia learning materials. These approaches can help create a more engaging learning
experience and reduce feelings of isolation that are often associated with online education.
Regular feedback from instructors can also contribute to higher levels of motivation by helping
students monitor their progress and maintain their engagement throughout the learning process.

Another important consideration is the development of digital literacy skills. Since
technological competence influences students’ confidence and motivation, educational
institutions should provide opportunities for learners to improve their digital skills. Orientation
programs, technical support services, and training workshops can help students overcome
technological barriers and participate more effectively in online learning activities.

Furthermore, course designers should ensure that online learning environments are user-
friendly, accessible, and adaptable to the needs of different learner groups. Clear instructions,
well-organized learning materials, and intuitive navigation can reduce cognitive load and
improve students’ overall learning experience. Flexible learning opportunities may be
particularly beneficial for learners who combine education with work or family responsibilities.

Overall, the study demonstrates that motivation in online learning is influenced by multiple
factors, including age, technological competence, and individual learning preferences. By
addressing these factors, educators can create more inclusive and effective online learning
environments that support student engagement, satisfaction, and academic success.

Conclusion. This study examined the impact of online learning on student motivation
across different age groups. The findings indicate that younger learners aged 18—22 demonstrate
higher levels of motivation and more positive attitudes toward online learning than learners aged
27 and above.

The results emphasize the importance of considering age-related differences when
developing online learning environments and instructional practices. While younger learners
tend to adapt more easily to digital education, older learners may benefit from additional support
and guidance.

Future studies should involve larger participant groups and include all age categories to
provide a broader understanding of how online learning influences student motivation.
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Abstract. The integration of social media into English language education has emerged
as a promising approach for enhancing oral communication skills among high school students.
Social media platforms provide a rich and interactive environment where learners can access
authentic language input, engage in meaningful conversations, and develop critical oral
proficiency skills such as pronunciation, fluency, and listening comprehension. Unlike
traditional teaching methods, which often lack opportunities for real-world practice, social
media enables students to immerse themselves in diverse linguistic and cultural contexts,
fostering both competence and confidence.

This review aims to evaluate the role of social media content in improving oral
communication skills in high school English learners. By systematically analyzing recent
literature, the study identifies effective strategies, benefits, and challenges associated with
integrating social media into language education. The methodology involved a systematic
review of academic sources published in recent years, focusing on studies that explored the
relationship between social media use and oral communication skill development. The findings
reveal that social media enhances student engagement and motivation, provides exposure to
natural speech patterns, and facilitates interactive practice through features like live chats,
comments, and video responses.

However, the review also highlights challenges, including disparities in digital access,
teacher preparedness, and the potential for distractions. It underscores the importance of
professional development for educators, structured lesson planning, and equitable access to
technology to ensure successful implementation. Despite these challenges, the review concludes
that social media offers significant opportunities to bridge the gap between theoretical learning
and practical application in language education.

The significance of this study lies in its ability to inform educators and policymakers
about the potential of social media as a transformative tool in language learning. By integrating
these platforms effectively, educators can create engaging and dynamic learning environments
that support the development of oral communication skills. The review also identifies areas for
further research, including the long-term impact of social media on language proficiency and
strategies to address access and equity issues. Ultimately, this study provides a foundation for
leveraging social media to meet the evolving needs of high school English learners and prepare
them for real-world communication challenges.

Keywords: oral proficiency, digital education, authentic communication, interactive
learning, multimodal engagement, language fluency, cultural competence
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Introduction. In an era of digital connectivity, social media has emerged as a powerful
tool that transcends traditional boundaries of communication and education. For high school
students learning English as a second language, social media platforms offer access to authentic
language content, enabling immersive exposure to real-life communication. This is particularly
crucial for developing oral proficiency, a skill that often requires interactive practice and cultural
context, which traditional classroom resources may fail to provide. The integration of social
media content into English language education thus represents a promising approach to bridging
the gap between theoretical knowledge and practical language use.

The relevance of this topic lies in the increasing prevalence of social media in the daily
lives of students. Platforms such as YouTube, TikTok, Instagram, and others provide rich,
engaging content that can serve as valuable resources for language learning. These platforms
not only expose students to diverse accents, expressions, and contexts but also foster interactive
communication through comments, live discussions, and other participatory features. Despite
the potential of these tools, their effective integration into English language education remains
underexplored, particularly in the context of oral communication development for high school
students.

The primary objective of this study is to evaluate how social media content can be
effectively leveraged to enhance the oral communication skills of high school students learning
English. This review aims to analyze existing strategies for integrating social media into
language learning, identify the benefits and challenges associated with its use, and explore its
implications for teaching practices and curriculum design. By addressing these objectives, the
study seeks to provide a comprehensive understanding of how social media can be transformed
from a casual entertainment medium into a powerful educational resource for developing oral
proficiency in English language learners.

Theoretical background. The integration of social media into education, particularly in
language learning, has been extensively studied in recent years, reflecting its growing
significance as a tool for enhancing oral communication skills. This section reviews existing
literature on the role of social media in foreign language education, the theoretical frameworks
underpinning its use, and its specific contributions to the development of oral proficiency.

Social media platforms such as YouTube, TikTok, Instagram, and Facebook provide
authentic and diverse linguistic content that mirrors real-world language use. Studies have
shown that these platforms facilitate exposure to natural speech patterns, colloquial expressions,
and cultural nuances, which are essential for developing oral communication skills. For
instance, video-based platforms allow learners to observe and imitate pronunciation, intonation,
and body language, creating a virtual immersion experience [1].

Interactive features of social media, such as live chats, comment sections, and
collaborative projects, also encourage active language use. These opportunities for real-time
communication help students practice speaking and listening skills in authentic, meaningful
contexts. Furthermore, the multimedia nature of social media accommodates various learning
styles, enhancing students' engagement and motivation [2].

Oral communication encompasses several interconnected skills, including pronunciation,
fluency, listening comprehension, and interactive competence. Traditional language instruction
often falls short in providing sufficient practice for these skills due to limited classroom time
and the lack of authentic communication opportunities. Social media addresses these gaps by
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offering dynamic environments where learners can practice speaking and listening in real-life
scenarios [2].

Research has highlighted that exposure to authentic content on social media helps learners
improve their pragmatic competence, or the ability to use language appropriately in specific
social contexts. For example, participating in live discussions or engaging with influencers who
speak the target language allows students to learn how to express opinions, respond to questions,
and maintain conversations naturally [3].

The integration of social media into language learning is grounded in several educational
theories:

- Constructivism: This theory emphasizes learning through interaction and experience.
Social media provides a constructivist environment where students actively engage with
content, interact with peers, and construct their understanding of language use.

- Communicative Language Teaching (CLT): CLT focuses on developing learners’
ability to communicate effectively. Social media aligns with this approach by offering contexts
for meaningful communication and interaction.

- Vygotsky’s Sociocultural Theory: According to this theory, learning occurs through
social interaction. Social media enables learners to engage with a global community, fostering
collaborative learning and peer feedback.

Despite its benefits, the integration of social media into language education presents
challenges. Teachers may lack the training to effectively incorporate these platforms into their
curriculum, and students may face distractions or misuse the tools for non-educational purposes.
Additionally, disparities in access to technology and reliable internet connections can limit the
effectiveness of social media as a learning resource [4].

The findings from existing literature suggest that social media has significant potential to
enhance oral communication skills, but its use must be carefully planned and integrated into the
curriculum. Structured activities, such as guided discussions, video assignments, and peer
feedback, can help maximize the educational benefits of social media while minimizing its
drawbacks. Furthermore, educators must develop strategies to align social media activities with
specific learning objectives and provide clear guidelines to students [5].

By synthesizing these insights, this review establishes a theoretical foundation for
understanding how social media content can be effectively utilized to develop oral
communication skills in high school English language learners. It also highlights the need for
further research to explore the long-term impact and scalability of these approaches in diverse
educational contexts.

Methodology. This review employs a systematic approach to literature selection and
thematic analysis to investigate the integration of social media content for improving oral
communication skills in high school English language learners. The methodology ensures a
comprehensive and objective analysis of recent and relevant studies. The process of literature
selection involved multiple stages. First, a database search was conducted using academic
platforms such as Google Scholar, ERIC, Scopus, and PubMed to identify peer-reviewed journal
articles, conference proceedings, and book chapters published between recent years. Keywords
such as “social media integration,” “oral communication skills,” “high school English learners,”
“digital tools in education,” and “language learning through social media” were used, combined
with Boolean operators to refine the search results.
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Studies were included if they specifically focused on the use of social media in foreign
language learning, examined its impact on oral communication skills, targeted high school
students or similar age groups, and provided empirical data or theoretical insights. Articles were
excluded if they primarily addressed higher education, were written in languages other than
English, or lacked methodological rigor. After the initial search, duplicate records were
removed, and the remaining studies were shortlisted based on their titles and abstracts. The full
texts of these studies were thoroughly reviewed, and the articles that met all inclusion criteria
were selected for the final analysis.

The thematic analysis of the selected studies was carried out to identify recurring patterns,
themes, and research gaps. This process involved systematically coding the key findings and
concepts from each study. Codes such as “engagement,” “authentic content,” “peer interaction,”
“oral fluency,” and “teacher challenges” were used to categorize the data. These codes were
then grouped into broader themes, including the benefits of social media for oral proficiency,
the challenges of integrating digital tools in the classroom, and strategies for effective
curriculum design. Themes were reviewed and refined to ensure they accurately represented the
findings from the literature.

This methodology provided a robust framework for synthesizing diverse perspectives and
insights into the use of social media content for enhancing oral communication skills. It also
enabled the identification of best practices, limitations, and areas requiring further exploration,
thereby contributing to a deeper understanding of this emerging field in language education.

Findings and Discussion. The findings of this review reveal significant insights into the
potential of integrating social media content into high school English language education,
particularly for improving oral communication skills. The results are presented in key thematic
areas, followed by a discussion of their implications.

The review identifies that social media platforms provide unique opportunities for
students to practice oral communication in authentic, real-world contexts. Platforms such as
YouTube, Instagram, and TikTok expose learners to diverse linguistic inputs, including various
accents, speech patterns, and cultural nuances. This exposure improves listening comprehension
and pronunciation. Moreover, interactive features such as live discussions, comment threads,
and video responses allow students to actively engage in speaking and conversational practice,
fostering fluency and confidence.

The findings emphasize that the use of multimedia and visual aids available on social
media strengthens memory retention and supports multimodal learning. These resources provide
a rich environment for oral skill development, bridging the gap between classroom instruction
and real-life communication.

Social media platforms are inherently engaging for high school students, making them a
powerful tool for motivating learners. The studies reviewed highlight that integrating familiar
and enjoyable tools into the learning process enhances students’ willingness to participate in
speaking activities. By leveraging content they encounter daily, such as influencer videos or
trending discussions, students feel more connected to the material, which boosts their
enthusiasm for language practice.

Despite the benefits, the review identifies significant challenges associated with
integrating social media into language education. Teachers face difficulties in curating
appropriate content that aligns with curriculum goals and ensures language accuracy.
Additionally, disparities in access to digital tools and reliable internet connections can create
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inequities among students. Concerns about the potential for distractions and misuse of social
media further complicate its implementation.

The findings underscore the importance of teacher training and support for the successful
integration of social media content. Many educators lack the necessary digital skills to
effectively incorporate these platforms into their teaching. Professional development programs
that focus on digital pedagogy and content curation are critical for overcoming this barrier.

The findings have significant implications for educational practices and curriculum
design. By integrating social media content, educators can create a more dynamic and engaging
language learning environment that supports the development of oral communication skills.
However, to maximize its potential, structured guidelines and strategies must be developed to
address challenges such as access disparities and teacher preparedness.

Moreover, educational institutions and policymakers should invest in infrastructure and
training to ensure equitable access to technology and equip teachers with the skills to effectively
use social media as a learning tool. Future research should explore scalable models for
integrating social media into language education and investigate its long-term impact on oral
proficiency and overall language competence.

In conclusion, the review highlights that while social media offers transformative
opportunities for enhancing oral communication skills in high school English language learners,
its successful integration requires careful planning, resources, and ongoing support. The insights
gained provide a foundation for further exploration and practical application in educational
contexts.

Table 1- Key aspects of using social media for enhancing oral communication skills
in language learning

Aspect Benefits Challenges Strategies
ial ia platfi .
. Social media pla orms Students may become Establish clear usage
increase student motivation . A
Engagement Y distracted by non- guidelines and focus on task-
and participation through . o
. educational content. based activities.
engaging content.
Authentic Provides exposure o real- Difficulty in fmdmg Curate content in advance that
world language, accents, content that aligns with .
Input . meets educational standards.
and cultural nuances. curriculum goals.
Interactive features like .
. . v . Unequal access to Ensure equitable access to
Practice live chats and comment . .
o\ . . devices and internet technology through school
Opportunities | sections enhance speaking
. . . among students. resources.
and listening practice.
. Enhances pronunciation, Teachers may lack Offer professional
Skill . . ) ..
Development fluency, and pragmatic skills to integrate digital | development programs focused
competence. tools effectively. on digital pedagogy.
. . . Overwhelming variety | Design structured lesson plans
) Combines video, audio, . . . ) .
Multimodal . of content can make it | integrating specific social
. and text to cater to different . :
Learning . hard for students to media content with clear
learning styles. .
focus. objectives.
Student Encourages independent Students might misuse | Use monitoring tools and
exploration and learning the platform for non- provide clear expectations for
Autonomy . . . R
outside the classroom. educational purposes. online activities.
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Cultural Introduces students to May expose students Select age-appropriate and
ExXposure authentic cultural contexts to inappropriate or culturally relevant materials in
P and idiomatic expressions. misleading content. advance.

Conclusion. This review highlights the transformative potential of integrating social
media content into English language education for high school students, specifically for
improving oral communication skills. Social media platforms offer authentic linguistic input,
engaging learning environments, and opportunities for interactive practice, which are essential
for developing pronunciation, fluency, and cultural competence. The review also underscores
the motivational power of social media, as its familiarity and multimedia features increase
student engagement and enthusiasm for language learning.

However, the findings also reveal several challenges, including teacher preparedness,
ensuring appropriate and curriculum-aligned content, and addressing disparities in access to
digital tools. Effective integration of social media into education requires thoughtful planning,
structured implementation, and teacher training programs that equip educators with the
necessary skills to use these tools effectively. Additionally, clear guidelines and monitoring are
essential to prevent distractions and misuse by students.

Suggestions for future research:

- Long-Term Impact Studies: Investigate the sustained impact of social media integration
on oral communication skills and overall language proficiency in diverse educational settings.

- Scalable Models: Explore scalable strategies for implementing social media-based
learning in different school environments, particularly in resource-constrained contexts.

- Teacher Training Programs: Develop and evaluate training programs that focus on
equipping educators with the skills to curate, design, and integrate social media content into
their teaching.

- Equity and Access: Examine the effectiveness of policies and practices aimed at
ensuring equitable access to digital tools and platforms, addressing the digital divide in
education.

- Interdisciplinary Approaches: Study the intersection of social media use in language
education with emerging technologies, such as artificial intelligence and virtual reality, to
explore their combined potential for enhancing oral communication.

By addressing these areas, future research can provide deeper insights and practical
solutions for leveraging social media to create more effective and inclusive language learning
environments.
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TWO LEVERS, ONE DECISION: HOW PRICE DISCOUNTS AND NON-
FINANCIAL SERVICE INTERACT TO SHAPE PURCHASE DECISIONS AND
STORE REVENUE IN KAZAKHSTANI APPAREL RETAIL

Annotation: Retailers in Kazakhstan compete on two levers at once: the price they put
on a tag, and everything around that price, how a shop assistant talks to a customer, how the
store feels, how the product is shown. Economics usually studies these separately. Price
discounts belong to demand theory and the psychology of deals; service belongs to a different
literature on service quality. This paper argues they should be read together, because in a real
clothing store they act on the same customer at the same moment, and sometimes they pull in
opposite directions. I review the literature on discount psychology, reference-price effects, and
retail service quality, and I use it to build a simple framework for an emerging-market apparel
setting like the one I worked in over a summer. To make the demand logic concrete I include a
clearly hypothetical, textbook demand schedule and use it to separate two ideas that are easy to
confuse: the price that maximizes revenue and the price that maximizes profit. The contribution
1s conceptual, not empirical: I do not have store data, and I am careful to say where my own
observations are anecdotes rather than evidence. What I offer is a structured way to think about
the interaction of discounts and non-financial service in Kazakhstani retail, an interaction the
existing studies, which mostly look at one lever or the other, tend to leave on the side. I close
by laying out the empirical study this framework asks for, which is the natural next step.

Keywords: price discounts, price elasticity, reference price, service quality, consumer
behavior, retail, Kazakhstan

1. Introduction

Walk into almost any clothing store in Astana and you see two things happening. There
is a price, often with a discount sticker on it. And there is a person, a sales consultant, who
decides how much attention to give you. Most of the time we treat these as two different worlds.
Price is "economics." Service is "soft." But for the customer holding a shirt and deciding
whether to buy it, they arrive together.

I became interested in this because I spent the summer of 2025 working as a sales
consultant at Big Cotton, a clothing store in Kazakhstan, in June, July, and August. Big Cotton
is known for being affordable, you can find clothes, shoes, and accessories there for under
10,000 tenge, sometimes much less. My pay was a fixed wage plus a 2% bonus on what I sold,
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so I had a personal reason to notice what actually moved a sale. What I noticed did not fit the
simple story that "lower price means more sales." Some days a discount did almost nothing.
Some days a customer who was clearly leaving stayed and bought because I asked the right
question, helped them choose, and removed the small doubts that were stopping them. I want to
be honest about what that is: it is my own experience, not a dataset. It is what made me ask the
question, not evidence for the answer.

The question this paper takes up is: how do price discounts and non-financial service
interact to shape a customer's purchase decision and, through that, a store's revenue, in an
emerging-market clothing context like Kazakhstan's?

Retail is a good place to ask this. It reacts fast, the margins are thin, and a manager
genuinely has to choose between cutting the price and investing in the people and the experience
on the floor. The economics of discounts is well studied, and so is service quality, but they are
usually studied in separate rooms. This paper tries to put them in the same room. It is a
conceptual paper. I do not estimate anything from real store records, I do not have them yet, and
I will not pretend otherwise. Instead I read the existing research, build a framework from it, and
use a transparent, hypothetical example to keep the economic logic honest. At the end I describe
the empirical study that this framework points to, which is the work I would do next if I can get
real data from the store.

The paper is organized as follows. Section 2 reviews three strands of literature: the
psychology of discounts, reference-price and behavioral pricing, and retail service quality, and
names the gap [ am trying to address. Section 3 lays out a conceptual framework and a clearly-
labeled illustrative demand example that separates revenue from profit. Section 4 discusses what
this means for Kazakhstani retailers. Section 5 states the limitations plainly. Section 6 concludes
and describes the empirical next step. Appendix A gives the full worked example behind the
figures.

2. Literature review

2.1 The psychology of discounts

A discount is not only a smaller number. It is read by the customer as a gain, and people
respond to gains and losses in a way that is not symmetric or fully rational. Kahneman and
Tversky's prospect theory showed that we judge outcomes against a reference point and that
losses loom larger than equivalent gains (Kahneman & Tversky, 1979). A price marked down
from a "before" price is experienced relative to that anchor, so the same final price feels better
when it arrives as a discount than when it is simply the price. This is the mechanism under a lot
of everyday retail behavior: urgency from limited-time offers, the pull of "everyone is buying
it," the relief of feeling you saved money.

There is also direct evidence on how discounts work as a sales tool. Blattberg, Briesch,
and Fox (1995) synthesized a large body of empirical findings on price promotions and drew
out regularities, for example, that promotions reliably lift short-term sales, but with effects that
depend on the category and that do not simply scale up forever. Della Bitta, Monroe, and
McGinnis (1981) studied how the depth and presentation of a discount change what customers
perceive, which matters because a 20% sticker and a 60% sticker are not just two points on a
line; they are read differently. More recently, Biiyiikdag, Soysal, and Kitap¢i (2020) ran an
experiment on specific discount patterns and showed that how a price promotion is framed
changes perceived price attractiveness and purchase intention. The level of method in that paper,
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a controlled experiment with measured intention, is the standard the empirical version of my
own question would have to meet.

The honest summary of this strand: discounts work, but through perception, and with
limits.

2.2 Reference price and the discount paradox

If discounts only ever helped, no manager would hesitate. But they can backfire, and the
reason is again about reference points. Putler (1992) built reference-price effects directly into a
model of consumer choice, formalizing the idea that today's purchase is judged against a
remembered or expected price. Once customers learn to expect discounts, the discounted price
becomes the reference, and the next full price feels like a loss. A deep or constant discount can
also act as a signal: if it is this cheap, maybe it is not very good. This is the "discount paradox",
past some point, cutting the price more can lower what the customer is willing to do, especially
for a brand whose buyers care about style or image.

Grewal, Krishnan, Baker, and Borin (1998) sit closest to my own question. They studied
how store name, brand name, and price discounts together shape consumers' evaluations and
purchase intentions, that is, they already treat price and a non-price factor (store/brand
reputation) as acting jointly, not separately. Their work is the nearest neighbor to what I want
to do, and it is also where I can see the opening: their non-price factor is reputation, set before
the customer arrives, while the lever I watched all summer was interaction at the moment of
sale, what the person on the floor does. That is a different non-financial service, and it is much
less studied in this combined way.

2.3 Retail service quality

The second lever has its own mature literature. Parasuraman, Zeithaml, and Berry (1988)
introduced SERVQUAL, a multi-item scale for measuring perceived service quality across
dimensions like reliability, responsiveness, and assurance. The key point for me is that service
quality is measurable, there 1s an accepted instrument, even though in the original paper I read,
and in most casual discussion, it is treated as a vague "be nice to customers." If the effect of
service on sales is ever going to be tested rather than asserted, it has to be measured this way,
not inferred from how much I personally happened to earn on a given day.

On the demand side, there is also real work on estimating apparel demand and elasticity
from actual data. Jones (2002) estimated the economic determinants of clothing consumption in
the UK, which is the kind of real estimation a credible empirical paper on my topic would
resemble. Guadagni and Little (1983) is the classic example of modeling store-level choice from
real scanner data, the gold standard for "demand from real records." I cite these not because this
paper does that, but to be clear about the distance between a conceptual framework (what this
1s) and an estimated model (what the next step would be).

2.4 Reading the literature against my question

It helps to set the nine sources side by side and ask, for each, what it gives the question
and where it stops short of it. Table 1 does this. The pattern that comes out is the gap: each
strand is strong on its own lever, the one paper that combines a price and a non-price lever
(Grewal et al., 1998) uses a non-price lever fixed before the customer arrives, and almost none
of it is set in an emerging-market value-apparel context.
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Table 1. Literature synthesis: each source, its core finding, and how it relates to the
gap this paper addresses.

Source Strand Core finding
Kahneman & Tversky Behavioral foundation Choices are judged against a
(1979) reference point; losses loom
larger than equal gains
Blattberg, Briesch & Fox Discount psychology Promotions reliably lift
(1995) short-term sales, but effects

are category-dependent and
do not scale without limit

Della Bitta, Monroe & Discount psychology Discount depth and
McGinnis (1981) presentation change
perceived value, not just the
final price

Biiyiikdag, Soysal & Kitapg¢t | Discount psychology An experiment shows
(2020) (method bar) discount pattern changes
perceived price attractiveness
and purchase intention
Putler (1992) Reference price Formal reference-price
effects in consumer choice;
asymmetric response around
the reference

Grewal, Krishnan, Baker & Price x non-price (nearest Store name, brand name,
Borin (1998) neighbor) and discount jointly shape
evaluations and purchase
intentions
Parasuraman, Zeithaml & Service quality SERVQUAL: service
Berry (1988) quality is measurable on a
validated multi-item scale
Jones (2002) Demand estimation Estimates the economic

determinants of UK clothing
consumption from real data

Guadagni & Little (1983) Demand estimation Logit brand-choice model
calibrated on real scanner
data

2.5 The gap

Three things stand out from reading across these strands. First, discount psychology and
service quality are each well developed, but mostly in separate literatures. Second, the studies
that do combine price with a non-price factor, Grewal et al. (1998) being the clearest, use a non-
price factor that is fixed before the customer walks in (store/brand reputation), not the live, in-
store service interaction that a salesperson actually controls. Third, very little of this is set in an
emerging-market, value-oriented apparel context like Kazakhstan's, where price sensitivity is
high and the in-store consultation is a normal part of buying clothes.

So the gap I am addressing is narrow and, I think, real: the interaction between price
discounts and in-store non-financial service, in an emerging-market apparel setting, treated as
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two levers acting on the same purchase decision at the same time. This is a conceptual
contribution, I am organizing the existing ideas into a framework for this specific case and
pointing to the test it implies. I am not claiming to have measured the interaction.

3. Conceptual framework

3.1 Two levers, one decision

The framework is simple to state. A customer's decision to buy is shaped by (1) the price,
read through the lens of discounts and reference points, and (2) the non-financial service around
the price, which lowers uncertainty and builds enough trust to close the sale. These are not
additive and independent. They interact:

When price sensitivity is high (an elastic, value-shopping customer), a discount does a lot
of the work, and service mainly removes the last small doubts.

When the customer is uncertain, unsure about fit, quality, or whether they actually need
the item, service can do what a discount cannot, by answering questions and reducing perceived
risk.

And the two can pull against each other: a very deep discount can trigger the discount-
paradox signal ("is this cheap because it is bad?"), and good service can be exactly what
counteracts that signal, by re-establishing the product's value through attention and explanation.

That last case is the interesting one, and it is the reason to study the two levers together
rather than apart. Figure 2 draws the framework: the two levers on the left act through two
mediators, perceived value and perceived risk, on the probability of purchase, and through it on
revenue, while the dashed loop shows the discount paradox feeding back on perceived value
and service counteracting it. The diagram is a framework, not a result; nothing in it is measured.

Figure 2. Conceptual framework: two levers acting on one purchase decision (a framework, not a result)

~Perc\eived value 1

~
S

Price discount
(reference—pricegairﬁ
X

discofnt paradox: Purch_a;e
excessive discofint - perceived quality | probability T

Uncertainty /

Non-financial
in-store service risk

good service re-attaches value,
counteracting the discount paradox Store revenue

Figure 2. Conceptual framework: price discount and non-financial service act through
perceived value and perceived risk on purchase probability and revenue, with the discount-
paradox feedback loop. This is a framework, not an estimated result.

The behavioral factors and the service responses to them can be organized as in Table 2,
adapted from the structure in the original project and re-grounded in the literature above.
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Table 2. Behavioral factors at the point of sale, the non-financial service response to
each, and the likely economic effect.

Behavioral factor Non-financial Likely effect on the | Grounded in
service response purchase
Uncertainty when Consultation, Higher probability Parasuraman et al.

choosing

comparing options,
showing the product

of purchase; larger
basket

(1988); Grewal et al.
(1998)

Wish to avoid risk

Guarantees, fitting
help, after-sale
support

More confidence in
the choice; fewer
abandoned sales

Parasuraman et al.
(1988)

Wanting to feel

Polite, personal

Loyalty; repeat

Parasuraman et al.

looked after attention; a visits (1988)
comfortable
atmosphere
Reading the price as | Honest framing of Higher perceived Kahneman &
a deal the discount against a | value without Tversky (1979);
fair reference triggering the Putler (1992); Della
paradox Bitta et al. (1981)

Reacting to a very
deep discount

Service that re-
attaches value
(explanation,
attention)

Protects perceived
quality; offsets the
discount paradox

Putler (1992);
Grewal et al. (1998)

Table 2 is a conceptual map, not a result. Each row is a hypothesis the literature makes
plausible and that the future empirical study would test.

3.2 An illustrative demand example (hypothetical, not estimated)

To keep the economic logic concrete and honest, it helps to work through a demand curve.
The example below is entirely hypothetical. It is a textbook demand schedule chosen to be
simple and internally consistent; it is not estimated from Big Cotton or any real data, and the
numbers should not be read as findings about any real store. Its only job is to make the
relationship between price, quantity, revenue, and elasticity transparent, and to separate two
ideas the original version of this work confused.

Take a simple linear demand schedule for one apparel item:

Q=700—-0.05xP

where P is the price in tenge and Q is units sold over some period. This says: when the
price rises, quantity falls, in a straight line. Plotting it together with revenue gives Figure 1, and
reading values off it gives Table 3.

173



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

Figure 1. lllustrative linear demand and revenue (hypothetical — not estimated from data)
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Figure 1. Illustrative linear demand curve (Q = 700 — 0.05P) and the revenue curve R =
P x Q, with the revenue-maximizing price marked at P* = 7,000 tenge (unit elasticity).
Hypothetical illustration, not estimated from data.

Table 3. Illustrative (hypothetical) demand schedule, with revenue and point elasticity.
The calculations are shown in Appendix A

Price P (tg) Quantity Q (units) Revenue R=P x Q | Point elasticity
(tg)
10,000 200 2,000,000 —2.50
8,000 300 2,400,000 —-1.33
7,000 350 2,450,000 —1.00
6,000 400 2,400,000 —0.75
4,000 500 2,000,000 —0.40
2,000 600 1,200,000 —0.17

Two things in this table are worth slowing down on.

Revenue peaks where demand is unit-elastic. For a linear demand curve Q = a — bP,
revenue R = P(a — bP) is maximized at P* = a/(2b). With a= 700 and b = 0.05 that is P* = 7,000
tenge, where Q = 350, revenue = 2,450,000 tenge, and the point elasticity is exactly —1. Above
7,000 demand is elastic (elasticity below —1): cutting the price raises revenue, because the extra
units more than make up for the lower margin per unit. Below 7,000 demand is inelastic: cutting
the price lowers revenue, because the extra units no longer compensate. This is the real shape
of the discount story, discounts help up to a point and then stop helping, and it falls straight out
of the curve, with no fitting and no invented data. Figure 1 marks that turning point.

Revenue is not profit. This is the single most important correction to make. Revenue is
price times quantity, R =P x Q. It says nothing about cost. Profit is (price — unit cost) X quantity.
They are maximized at different prices. If the store buys each item for a unit cost c, profit is
maximized at P = (a + b-c)/(2b), which is higher than the revenue-maximizing price whenever
the cost is positive. With this curve:

unit cost 3,000 tg — profit-max price = 8,500 tg (revenue-max was 7,000);
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unit cost 4,000 tg — profit-max price = 9,000 tg;

unit cost 5,000 tg — profit-max price = 9,500 tg.

Figure 3 draws this for a unit cost of 4,000 tenge: the profit curve peaks to the right of the
revenue curve. So a manager who finds the "revenue-maximizing discount" and stops has not
found the profit-maximizing discount, the profit-maximizing price sits higher, because every
unit sold at a deeper discount eats into margin. You cannot read a "best discount for profit" off
a revenue calculation, because a revenue calculation never sees the costs.

Figure 3. Revenue is not profit: the profit-max price sits above the revenue-max price
(hypothetical illustration — not estimated from data)
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Figure 3. Revenue versus profit for the same illustrative demand curve at unit cost ¢ =
4,000 tenge: the profit-maximizing price (9,000 tg) sits above the revenue-maximizing price
(7,000 tg). Hypothetical illustration, not estimated from data.

The point of the example is not the specific numbers, they are made up on purpose. The
point is the structure: there is a revenue-maximizing price, it sits where demand turns from
elastic to inelastic, and it is not the same as the profit-maximizing price. Any claim about an
"optimal discount" has to say which of the two it means. The full derivation, and the script that
reproduces every number in Table 3 and both figures, is in Appendix A.

4. Discussion: implications for Kazakhstani retailers

If the framework is right, a few practical things follow for a value-oriented clothing
retailer in Kazakhstan.

First, discounts are a real but bounded tool. The elastic region is where they earn their
keep; pushing into the inelastic region trades away revenue for volume that does not pay for
itself, and risks the discount-paradox signal on a brand whose customers still care about looking
good. A store does not need the deepest discount; it needs the discount that sits in the elastic
region and stops there.

Second, non-financial service is not a soft extra, it is the lever that works precisely where
discounts fail. When a customer is uncertain rather than price-driven, attention, honest
comparison, and risk reduction can close a sale that no sticker would. And good service is
plausibly what protects a brand from the trust-damage of a deep discount, by re-attaching value
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to the product through the interaction. In a market where the in-store consultation is normal and
price competition is fierce, this is exactly the margin a store can defend.

Third, and this is the reason to study them together, the two levers should be set jointly,
not in separate meetings. A pricing decision that ignores the service experience, or a service-
training decision that ignores where the price sits on the demand curve, is optimizing half the
problem. The cautious version of the recommendation is: use discounts for short-term demand
inside the elastic region, and invest in service as the longer-term lever that holds value and
brings customers back. I keep this cautious on purpose, because at this stage it follows from a
framework and from theory, not from a measured effect in a real store.

5. Limitations

I want to be clear about what this paper is and is not.

It is conceptual. There is no dataset, no sample size, and no statistical test. The demand
example in Section 3.2, and Figures 1 and 3, are hypothetical and labeled as such; they illustrate
economic logic and should not be read as results about any real store, including Big Cotton.
Figure 2 1s a framework, not an estimate.

My own retail experience is an anecdote, not evidence. I noticed that my daily sales bonus
moved a lot from day to day, and that it tended to be higher on days when I gave fuller
consultations. But that bonus is simply 2% of what I sold, so using it to "show" that service
drives sales would be circular, it is revenue measuring itself. And the swings could just as easily
come from the day of the week, foot traffic, the weather, what was in stock, or which shift I
worked. So I have deliberately demoted that observation to what it really is: the thing that made
me curious, not a finding. The original version of this project treated it as evidence, and that was
a mistake I am correcting here.

The framework also has scope limits. It is built for value-oriented apparel in an emerging
market; it would not transfer cleanly to luxury goods, to groceries, or to pure online retail, where
the service interaction is different or absent.

Finally, the literature I lean on is mostly from developed markets. Whether the same
patterns hold in Kazakhstan is an open question, which is part of why the empirical step matters.

6. Conclusion and next step

Price discounts and non-financial service are usually studied apart, but they act on the
same customer at the same moment, and sometimes against each other. This paper has argued
for reading them together in an emerging-market apparel context like Kazakhstan's, reviewed
the literature on discount psychology, reference price, and service quality, and used a transparent
hypothetical demand example to keep the economics honest, in particular, to separate the
revenue-maximizing price from the profit-maximizing price, which are not the same.

The contribution is conceptual: a framework and a clearly-stated gap, not a measured
effect. The honest next step is the empirical study this framework asks for. With real store
records from a shop like Big Cotton, daily price and units sold for one apparel category over
several weeks, one could estimate an actual demand curve and price elasticity for that category,
in the style of Jones (2002). With a real, separate measure of service quality (a SERVQUAL-
type instrument, or a structured record of consultation intensity that is not derived from sales),
one could begin to test whether service and discounts interact the way the framework predicts.
That is the study I would like to do, and it is the version of this work that would move it from a
conceptual argument to evidence. This paper is the groundwork for it.

Appendix A. The worked example behind the figures
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This appendix gives the full derivation behind Table 3, Figure 1, and Figure 3, so every
quantitative claim in Section 3.2 is checkable by hand. All of it is hypothetical, a textbook
schedule, not data.

The demand schedule. I use the linear demand curve

Q(P) =a — bP, with a = 700 and b = 0.05,

so that two convenient anchor points hold exactly: at P = 10,000,
Q = 200: at P = 4,000, Q = 500. The slope is b = (500 — 200) / (10,000 —
4,000) = 300 / 6,000 = 0.05, and the intercept is a = 700.

Revenue. Revenue is R(P) = P - Q(P) = P(a — bP) = aP — bP?. This is a
downward parabola in P. Setting the derivative to zero,

dR/dP=a-2bP=0= P*=a/(2b)=700/0.10 = 7,000 tenge.

At P =7,000: Q =700 — 0.05 X 7,000 = 350 units, and R = 7,000 X 350
= 2,450,000 tenge. This is the peak of the revenue curve in Figure 1.

Elasticity. The point own-price elasticity of demand is

E(P) = (dQ/dP) - (P/Q) = -b - P/ (a — bP).

At P = 7,000, E = —0.05 X 7,000 / 350 = —1.00, i.e. demand is unit-
elastic exactly at the revenue—maximizing price, which is the
general result for any linear demand curve. Above 7,000, |E|] > 1
(elastic): below 7,000, |E| < 1 (inelastic). The elasticity column of
Table 3 is computed this way at each price.

Profit and why its peak is higher. With a constant unit (purchase) cost c, profit is

n(P) =(P-c)-Q(P) = (P-c)(a-bP).

Maximizing, drt/dP = a - 2bP + bc = 0, which gives

P_profit =(a + bc) / (2b) = P* + ¢/2.

Because ¢ > 0, the profit-maximizing price always exceeds the revenue-maximizing price
by exactly c¢/2. For ¢ = 3,000, 4,000, 5,000 tenge this gives P_profit = 8,500, 9,000, 9,500 tenge,
the numbers in Section 3.2, and the ¢ = 4,000 case drawn in Figure 3.

Reproducibility. Every number above, the full Table 3, and both figures are produced by
two short scripts committed with this paper: analysis/illustrative_demand.py (the schedule,
revenue, elasticity, and the revenue-vs-profit prices) and analysis/make figures.py (Figures 1—
3).

Running it prints Table 3, the revenue-max price (7,000 tg, unit-elastic), and the three
profit-max prices (8,500 / 9,000 / 9,500 tg) used above.
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Abstract: The right to a fair trial is a fundamental human right and the cornerstone of a
democratic society based on the rule of law. Despite the integration of international human rights
standards into the national legislation of the Kyrgyz Republic, public trust in the judiciary
remains critically low. This article examines the systemic challenges to achieving a fair trial in
Kyrgyzstan by analyzing high-profile judicial cases that highlighted significant procedural
violations. To identify viable solutions, the study provides a comparative analysis of judicial
reforms in other Asian jurisdictions, including Japan, South Korea, Singapore, and Kazakhstan.
Furthermore, it explores specific, actionable methods essential for building an independent and
transparent judicial system. These methods include the expansion of jury trials, the
empowerment of the defense bar, the role of public scrutiny, and the comprehensive
implementation of digital technologies, such as automated case distribution and audio-video
recording (AVR). The research concludes that transitioning from declaratory legal norms to
actual justice requires profound institutional autonomy, digital transparency, and active civil
society oversight.

Keywords: fair trial, Kyrgyz Republic, UN standards, judicial reform, transparency,
Asian legal systems, jury trial, audio-video recording, human rights, public trust.

Introduction. The right to a fair trial is universally recognized as the ultimate safeguard
of human rights and the mechanism through which the rule of law is enforced. Enshrined in
Article 10 of the Universal Declaration of Human Rights (UDHR) and Article 14 of the
International Covenant on Civil and Political Rights (ICCPR), this right ensures that everyone
is entitled to a fair and public hearing by a competent, independent, and impartial tribunal
established by law [1, p. 45]. In the Kyrgyz Republic, the Constitution formally guarantees these
principles, reflecting the nation's commitment to international human rights frameworks [2].
However, the practical realization of the right to a fair trial remains one of the most acute and
enduring challenges in the country, characterized by a persistent deficit of public trust in the
judiciary, allegations of political interference, and widespread procedural violations.

The United Nations Human Rights Committee has repeatedly emphasized that the right
to a fair trial is not merely about the formal existence of procedural laws, but about the actual,
functional independence of judges and the equality of arms between the prosecution and the
defense [3, p. 112]. In Kyrgyzstan, while the legislative framework is largely aligned with UN
standards, implementation frequently falters. Sociological studies and public opinion polls
consistently demonstrate that a significant portion of the Kyrgyz population views the courts as
corrupt, biased, or subservient to the executive branch and law enforcement agencies [4, p. 78].
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The Crisis of Trust: High-Profile Cases in Kyrgyzstan. This crisis of confidence is
deeply rooted in a history of high-profile cases where the principles of a fair trial were visibly
compromised, drawing international condemnation. One of the most glaring examples at the
international level is the case of human rights defender Azimjon Askarov. Following the tragic
ethnic clashes in southern Kyrgyzstan in 2010, Askarov was sentenced to life imprisonment in
a trial marred by credible allegations of torture, lack of access to legal counsel, and severe
courtroom intimidation by hostile crowds. In 2016, the UN Human Rights Committee officially
concluded that Kyrgyzstan had violated Askarov’s rights under Article 14 of the ICCPR,
explicitly stating that he was denied a fair trial [5, p. 14]. Despite the UN's binding request for
his release and a retrial, the national courts upheld his sentence, and he eventually died in prison
in 2020. This case served as a stark demonstration of the systemic barriers to justice when
judicial mechanisms succumb to political and public pressure.

More recently, the "Kempir-Abad case" (2022-2024) highlighted the pervasive misuse of
closed-door trials. Over twenty politicians, activists, and civil society leaders were arrested on
charges of plotting mass riots after protesting a border agreement with Uzbekistan [6, p. 22].
The judicial proceedings were heavily criticized by international human rights watchdogs
because key hearings were held behind closed doors. The authorities cited "state secrets" as the
rationale. However, under international law, the exclusion of the public and the media from
court proceedings must be strictly limited to exceptional circumstances. The systematic closure
of the Kempir-Abad hearings violated the principle of an open court, depriving the accused of
public scrutiny, which is a vital safeguard against arbitrary justice [7, p. 156].

Similarly, the persecution of investigative journalists, such as the deportation of
Bolot Temirov and the prosecution of the "11 media workers" from Temirov Live in 2024,
showcased how the judicial system can be weaponized to suppress free speech [8, p. 30]. In
these cases, defense lawyers frequently reported that their petitions were summarily dismissed
by judges, violating the principle of adversarial proceedings and the equality of arms.

Comparative Perspective: Judicial Models in Asia. To understand how Kyrgyzstan can
develop its judicial system, it is highly instructive to examine how other Asian nations have
tackled similar issues of public mistrust and judicial inefficiency. Asia presents a diverse
spectrum of legal cultures, offering valuable lessons in reform.

Japan and South Korea: Both of these robust Asian democracies faced periods where the
public felt disconnected from a highly bureaucratic and elite judiciary. To democratize justice
and inject public common sense into the courts, both countries introduced citizen participation
systems. In 2009, Japan introduced the Saiban-in (lay judge) system for serious criminal trials,
where six randomly selected citizens sit alongside three professional judges to determine guilt
and sentencing [9, p. 102]. South Korea implemented a similar advisory jury system in 2008.
Studies show that these reforms drastically increased judicial transparency and public trust in
both nations, as professional judges were forced to explain legal concepts in accessible
language, and backdoor deals became nearly impossible [10, p. 55].

Singapore: Singapore offers a different model, focusing on extreme efficiency, high
remuneration, and zero tolerance for corruption. The Singaporean judiciary is renowned
globally for its technological advancement, utilizing e-litigation platforms that make case
management transparent and fast [ 11, p. 210]. Furthermore, judges in Singapore are paid salaries
comparable to top corporate lawyers, effectively eliminating financial incentives for bribery.
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While criticized by some for its strict defamation laws, Singapore proves that a technologically
advanced, well-funded judiciary can eradicate petty corruption and procedural delays.

Kazakhstan: A compelling example from a neighboring Central Asian state is
Kazakhstan's approach to bypassing domestic judicial distrust in the corporate sector.
Recognizing that foreign investors did not trust local courts, Kazakhstan established the Astana
International Financial Centre (AIFC) Court [12, p. 88]. This court operates entirely on English
common law, uses the English language, and employs independent British judges. While this is
an extreme measure (essentially "outsourcing" justice), it highlights the profound economic cost
of a mistrusted judiciary and the drastic steps states must take to guarantee a fair trial to attract
investment.

Strategic Methods for Achieving a Fair Trial in Kyrgyzstan. Drawing from
international standards, the negative lessons of domestic high-profile cases, and successful
Asian reforms, Kyrgyzstan must adopt concrete, systemic methods to guarantee the right to a
fair trial.

1. Expanding and Empowering Jury Trials (Cyo npucsoicusix) Borrowing from the
experiences of Japan and South Korea, Kyrgyzstan must fully implement and expand the
institution of the jury trial. Currently, the law provides for jury trials only in a highly restricted
category of crimes (e.g., life imprisonment cases), and its implementation has been repeatedly
delayed. A jury trial breaks the monolithic power of the state prosecutor and the judge. When
ordinary citizens decide on guilt, it is much harder for political figures to dictate the outcome
via a phone call (so-called "telephone justice"). Expanding jury trials to a broader range of
serious crimes is the most direct method to democratize the courts and restore public faith [13,
p. 144].

2. Radical Transparency and Public Resonance (Oenacka) In transitional democracies
where institutional independence is weak, public scrutiny acts as the primary external check on
judicial arbitrariness. When journalists, human rights defenders, and ordinary citizens attend
court hearings and report on them, it significantly increases the political and reputational cost
of delivering an unjust verdict. The state must unconditionally guarantee the right of the public
and the media to attend court sessions. The practice of arbitrarily declaring trials "closed" must
be outlawed, except in explicitly defined cases of severe state security or the protection of
minors. The Supreme Court should issue a binding plenary ruling clarifying that media presence
1s a right, not a privilege granted at the whim of the presiding judge.

3. Deep Digitalization: AVR and Automated Case Distribution The introduction of the
Audio and Video Recording (AVR) system in Kyrgyz courts was a massive step intended to
eliminate the falsification of written court protocols [14, p. 89]. However, lawyers frequently
complain that judges intentionally turn off the AVR systems during crucial moments, citing
"technical malfunctions," or conduct important procedural steps in private chambers [15, p.
210]. To achieve a fair trial, the procedural codes must be amended to explicitly state that any
hearing conducted without AVR—unless there is a verified, catastrophic power grid failure—
is inherently invalid, and resulting decisions must be annulled.

Furthermore, digitalization must extend to the automated distribution of cases. Currently,
court chairpersons often assign sensitive cases to "loyal" judges. By implementing a blockchain-
based or Al-driven automated case assignment system, the system can eliminate "forum
shopping" and ensure that case distribution is entirely blind and impartial [16, p. 77].
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4. Institutional Parity: Strengthening the Bar (Aosoxamypa) A fair trial is impossible
without the equality of arms. In Kyrgyzstan, the prosecutor represents the formidable apparatus
of the state, while defense lawyers often face procedural hurdles, lack of access to evidence, and
sometimes even physical intimidation. To combat this, the status of the legal profession
(Advocacy) must be elevated. Defense attorneys must be granted equal rights in gathering
evidence, and any obstruction of a lawyer's work by law enforcement should be strictly
criminalized.

5. Financial and Institutional Autonomy Finally, as long as judges rely on the executive
branch for their tenure, promotions, and budget, political loyalty will invariably trump the law
in high-stakes cases. Following the Singaporean model, the judiciary must be granted full fiscal
autonomy, managing its own budget without executive interference. Furthermore, the selection
and dismissal of judges must be entirely in the hands of an independent Council of Judges, free
from the influence of the Presidential Administration or Parliament.

Conclusion. The right to a fair trial in the Kyrgyz Republic cannot be achieved simply
by rewriting laws or declaring adherence to UN conventions; it requires a radical shift in legal
culture and state practice. High-profile cases over the last decade have repeatedly demonstrated
that legal norms are easily bypassed when institutional independence and transparency are
lacking. To build a system comparable to the leading jurisdictions in Asia, Kyrgyzstan must
open its courtroom doors to the public. Civil society must be allowed to fulfill its watchdog role,
jury trials must be expanded to empower citizens, and courtroom technologies like audio-video
recording and automated case distribution must be strictly enforced. Only through maximum
transparency, public accountability, and an unwavering commitment to equality of arms can
Kyrgyzstan develop a judicial system that truly serves justice rather than power.
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UNIT ECONOMICS YACTHOM HIKOJIBI B KABAXCTAHE: CEBECTOUMOCTHD
OBYYEHUS, MAP)KUHAJIBHOCTBb U ®PAKTOPBI ®UHAHCOBOH
YCTOMYUBOCTHU

AnHoTanus. B cTatbe paccmatpuBaeTcsi GPMHAHCOBO-YIIPaBIEHYECKAs MOJIEIb YaCTHOM
cpeaneit mkonbl B Kazaxcrane yepe3 npusmy unit economics. AKTyaJqbHOCTh HCCIIEIOBAHUS
00yCJIOBJIEHa POCTOM YaCTHOI'O CEKTOpa CpeAHEro oOpa3oBaHus, YBEIMUYEHUEM YUCICHHOCTU
IIKOJIbHUKOB B KPYIHBIX TOPOJIax, PA3BUTHEM T'OCYIapCTBEHHOTO 00pa30BaTEIBHOTO 3aKa3a U
nepexoaoM K IUGPOBBIM MeXaHW3MaM (DUHAHCHUPOBAHUS, BKJIIOYAs BayYEPHYIO MOJIETb.
YacTHas mIKOJIa B COBPEMEHHBIX YCIOBHUSAX BBICTYNMA€T HE TOJBKO 00pa3oBaTeNbHOMN
OpraHu3aIMen, HO U CJI0KHOW SKOHOMUYECKON CUCTEMOM, T/Ie KaueCTBO 00yUYEHUs HAMPSMYIO
CBSI3aHO C YIIPaBJICHUEM CEOECTOMMOCTHIO, 3arpy3KOoi KJIacCOB, yJIepKaHMEM KOHTHHTEHTA U
CTPYKTYPOU JTIOXOJ0B.

[lenb cTrathu - pa3paboTaTh MPUKIAJHYIO MOJIENb pacuéra ce0eCTOMMOCTH O00y4YeHUs
OJHOTO YYEHHUKA, ONIPEAECTUTH KIIOUEBBIE APABEPbl MAPKUHAIBHOCTH U MPEJIOKUTH CUCTEMY
KPI ¢unancoBoii yCTOMYMBOCTH YACTHOM MIKOJBI. METOH0JOTHYECKOW OCHOBOM BBICTYIAOT
activity-based costing, pacu€t cost per student, aHanu3 MOCTOSHHBIX W MEPEMEHHBIX 3aTpar,
CIICHapHOE MOJICJIMPOBAHUE 3arpy3kH, a Takke Mokazarenau unit economics: CAC, LTV,
retention U occupancy rate.

JIyist 3anuThl KOMMEPUYECKO HH(POPMAIIMKA B CTAaThE MCIOJIB3YEeTCS HOPMAJTM30BAHHBIN
MOJIEJIBHBIN KEWC YACTHOW LIKOJIBI IIOJIHOTO AHS B KPYITHOM ropoje KazaxcraHa ¢ mpOeKTHOM
yucieHHoctbio 500 yuenuwkoB. IlpencraBnennpie 1Upsl HE SBIAIOTCS (UHAHCOBOM
OTYETHOCTHIO KOHKPETHOM OpraHu3alu, a OTPAXKAT THUIOBYIO YNPABICHYECKYIO
KoH(Urypanuo dYacTHOM TIKOJBI. B  0a30Boil Momenu OXOJOB TOCYAapCTBEHHBIN
o0pa3oBaTenbHbIN 3aKa3 HE BKIIOUYEH B OCHOBHYIO BBIPYYKY, MOCKOJBKY Y4acCTHE YaCTHOU
mkoasl B ['O3 3aBUCUT OT pervoHa, KOHTHUHIE€HTA, MOJATBEPKIEHHBIX JaHHBIX, YCJIOBUH
(dbuHaHCHpOBaHUS U cTaTyca o0pa3oBaTeIbHOM opranu3aiui. BmecTe ¢ TeM B cTaThe OTAEIBHO
paccunTaH Bo3MOXHbIN dh ekt ['O3 kak creHapHbiit pakTop PuHAHCOBOM YCTONYMBOCTH.

CornacHo 6a30BOMY MOJIEJIBHOMY pacu€Ty, MPU COBOKYMHBIX IOAOBBIX J0oxonax 1 250
MJIH TeHre ¥ pacxogax 1 080 muH TeHre ornepanoHHast NpuObLIL cocTaBiseT 170 MiH TeHre, a
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omnepanuoHHas MapKUHAIBHOCTH - 13,6%. CebecTOMMOCTh OJIHOTO YYEHUKa cocTaBisieT 2,16
MiH TeHre B roi. [Ipu monmnom ywactuu B ['O3 nmo HopMatuBam 2026 roxa mis MOAENbHOU
mkoJibl Ha 500 y4eHUKOB MOTEHIIUANBHBIN 00bEM TOCy1apCTBEHHOTO (PMHAHCUPOBAHUS MOXKET
COCTaBHUTH OKO0JIO 278,2 MJIH TEHI'€ B TO/I.

KuroueBble cjioBa: yacTHas IIKOJIA, Unit economics, ce0ecTOMMOCTh 00yUeHHUsl, COst per
student, Map>kuHaNbHOCTH, retention, LTV, CAC, rocymapcTBeHHBIM 00pa3oBaTeNbHBIN 3aKa3,
BaydepHoe ¢uHaHcupoBaHue, Kazaxcras.

BBenenue. B nocneanue roapl 4acTHBIN CEKTOp cpenHero oopasoBanus B Kazaxcrane
CTAHOBUTCS Ba)XHBIM 3JIEMEHTOM 00pa3oBaTelIbHOM HHPPACTPYKTypbl. PocT uucieHHocTu
IIKOJBHUKOB B KPYIHBIX TOPOJAX M PETHOHAX CO3MAET JOMOJHUTEIBHYIO HArpy3Ky Ha
rOCy/IapCTBEHHbIE LIKOJIBI U OJTHOBPEMEHHO ()OPMUPYET CIIPOC HA YAaCTHbIE 00pa30BaTEIbHbIC
opranuzaumu. Ilo ganneiM OrtaBilim, na 19.05.2026 B Kazaxcrane otrpaxensl 9 237
opranuzanuii oopazoBanusi, u3 Hux 1 438 - yacTHbele opranuzanuu oopazoBanus. [lo ropoay
AnMatbl yka3zaHo 541 opraHuzamusi oOpa3oBaHMs, BKIO4as 259 YacTHBIX OpraHu3alui
00pa3oBaHUs.

JIOMIOTHUTENBHO JMHAMUKY CHpPOCa MOATBEP)KIAIOT JIAaHHBIE 10 YHMCIEHHOCTH
IIKOJIBHUKOB B KPYIHBIX Topojax. B 2024-25 yyebnoMm roay B Anmarsl yuciuiuck 337 083
IIKOJIbHUKA, B AcTaHe - 286 633, B [lIsiMkeHTe -249 748. ITH nmokas3atejad NOKa3bIBalOT, YTO
YaCTHBIE IIKOJIbI Pa3BUBAIOTCS HE TOJBKO KaK allbTEPHATUBA TOCYAapPCTBEHHBIM IIKOJIAM, HO U
KaK OJIMH U3 MHCTPYMEHTOB CHI)KEHUS MH(PACTPYKTYpPHOH Harpy3ku Ha CUCTEMY CpPEIHETO
00pa3oBaHUs.

NucTuTyniMoHanbHasi cpefa Takke MeHseTcs. B marepuanax 1o BaydepHU3aluu
roCyJapCTBEHHOTO 00pa30BaTeNbHOTO 3aka3a ykazaHo, 4To B 2026 romy coxpaHsercs
¢bunancupoBanue uepe3 cmerel U ['0O3, a ¢ 2027 roma mIaHUpyeTCs TEPEXol K
(MHaHCHUPOBAHUIO MO BayyepaMm. B Mpe3eHTallMOHHBIX MaTepHalaXx TakKe yKa3aHO, YTO BCETO
B Kazaxcrane HacuutbiBaetcst 7 732 mkobl, U3 HUX 6 887 - rocygapCcTBEHHbIE U 845 - HaCTHEIE.
DTO 03HAYAET, YTO YACTHBIE WIKOJbI MOCTENEHHO BKJIKOYAIOTCA B 0OJEE€ MIMPOKYI) CUCTEMY
rocyJapCTBEHHOr0 (PMHAHCUPOBaHUS, IU(PPOBOrO MOHUTOPHUHTA U TIPO3PAYHON OTYETHOCTH.

B sTux ycnoBusix yacTHas IIKoJia pabOTaeT OJHOBPEMEHHO Kak oOpa3oBaTeibHas
OopraHu3anMs W Kak B3KoHOMHYecKass cucteMa. C OJHOW CTOPOHBI, POJUTENN OXKHIAIOT
BBICOKOTO KauyecTBa OOy4YE€HUs, CWJIbHBIX NEAAaroroB, 0O€30MacHON Cpelbl, MOJHOLIEHHOTO
MUTAHUS, JIOTIOJTHUTEIBHBIX KPY)KKOB, Ppa3BUTHSl AHIJIMICKOTO sI3bIKa, MAaTEMAaTHUKH,
(uHAHCOBOM IPAMOTHOCTH U MHAWBH Iy aJIbHOTO COMPOBOXKIACHUS pebEHka. C Ipyroi CTOPOHBI,
IIKOJIa JIOJDKHA COXPaHATh (DMHAHCOBYIO YCTOMYMBOCTH: OOECIEUMBATH CBOEBPEMEHHYIO
OTUIaTy TPYJa, TOKPBIBATH PACXObI HA 37JaHUE, KOMMYHAIbHBIC YCITyTH, HAJIOTH, 0€30MTaCHOCT,
MUTaHWE, MAPKETUHT, TMIOBHIIICHUE KBATM(DUKAIIUU TIEAArOroB U Pa3BUTHE HHPPACTPYKTYPHI.

[IpoGnema 3akmrogaeTcss B TOM, YTO MHOTHE YaCTHBIC IIIKOJIBI TPUHUMAIOT
YOPABJICHUECKUE PEIIEHUS HAa OCHOBE OOIIeld BBIPYYKM M COBOKYMHBIX pPacxoioB, HE
paccuuThiBas JI€TaIbHO CE0ECTOMMOCTh OJHOTO YUYEHHKA, TOUKY 0€3yOBITOYHOCTH, BIHUSHUE
HeZ000pa, CTOMMOCTh MPUBIICYEHUSI HOBOTO YUYEHHKA U YKOHOMHYECKUH 3P(DEKT yaepkaHus
ceMeil. B pesynpTaTe mIKONAa MOXET BHEIIHE JEMOHCTPUPOBATH POCT KOHTHUHIEHTA, HO
(dakTHUecKu TepsATh (PUHAHCOBYIO YCTOMYMBOCTH H3-32 BBICOKOM J0JIM (DUKCHPOBAHHBIX
pacxoqioB, pocta (¢oHAAa OIJaThl Tpyda, 3aTpaT Ha MHUTAHHE, apeH]ly, Oe30MacHOCTh U
MapKETHUHT .
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Oco0oe 3HaueHHE MPUOOPETAET BOMPOC rOCYAApCTBEHHOTO 00pa30BaTENBLHOTO 3aKasa.
['O3 MoXxeT cTaTh BaXKHBIM HCTOYHUKOM (PMHAHCOBOW YCTOMUMBOCTH YACTHOM IIKOJIBI, OJTHAKO
ero HeJb3sl MEXaHUUECKH BKIII0YaTh B 0a30BYIO CTPYKTYPY JOXOJI0B O€3 YTOUHEHHS yCIOBHIA.
O6béM ['O3 3aBUCUT OT KOJIMYECTBA YUCHUKOB, YPOBHs 00pa3oBaHusl, peruoHa, HOPMATUBOB
MOAYIIEBOTO (PMHAHCUPOBAHMS, HAJIUYMs JOIUIAT, CTAaTyca IIKOJbI W TMOJATBEPKIEHHOTO
KoHTUHTeHTa. [loaToMy B Hacrosel cratbe ['O3 paccmarpuBaeTcst He Kak rapaHTUPOBaHHAs
CTpOKa BBIPYYKH, a KaK OTAEJbHbIN ClIeHApHbIN (haKkTop.

NMeHHO MOoATOMY JUIsl YaCTHBIX IIKOJI CTAHOBHUTCS Ba)KHBIM MEPEXOJ K MOJENH unit
economics. Takoif moaxo  Mo3BOJISIET pacCMATPUBATh OAHOTO YUEHHMKA WIJIM OJIHY CEMBIO KaK
0a30BYI0 PKOHOMHUYECKYIO SMHUILYy aHalIn3a. B 3TOM citydae TUPEKTOp MIKOJIbI MOXKET BUJIETh
HE TOJIBKO OOILYIO BBIPYUYKY, HO U PEAIbHYIO c€0ECTOMMOCTh OJJHOTO YYEHHUKA, MapXKy, CPOK
OKyIaeMOCTH MAPKETHUHIOBBIX PaCX0/0B, BIusiHuE retention Ha LTV 1 KpUTHUECKYIO 3arpy3Ky
KJIACCOB.

[lenb crathu: pa3zpaboTaTh U 0OOCHOBATH MOJIENIb Unit €CONOMICS YACTHOM IIKOJbI B
Kazaxctane Ha OCHOBe pacuéra ceO0ecTOMMOCTH OOYy4YEHUs, MAPKUHAIBHOCTH U (PaKTOpOB
(MHaHCOBOM YCTOMYMBOCTH.

JUIst TOCTH>KEHUS 1I€JIU MTOCTABJIEHBI CIAEAYIOIINE 3a/1a4u:

1. OnucaTte pbIHOYHBIN M MHCTUTYLMOHAJIbHBIM KOHTEKCT Pa3BUTHUS YACTHBIX IIKOJ B
Ka3zaxcrane.

2. IlpeasioxkuTh CTPYKTYpy pacuéra cedecTOMMOCTH O0yUEHUsI OJJTHOTO YUEHHUKA.

3. BrlgenuTe OCHOBHBIE ApAaWBEPHI 3aTpaT U MAPKUHAIBHOCTH YaCTHOM IIKOJIBI.

4. Paccuntath BO3MOXKHbIHN crieHapHbIN 3 dexT 'O3 Ha pruHAHCOBYIO yCTOWYHUBOCTD.

5. IIpoBecTH cueHapHBIN aHAJIU3 BIMSHUS 3arpy3KH IIKOJIbl HA MAPKUHAJIBHOCTD.

6. Chopmuposats cuctemy KPI 1151 ynpaBiaeH4€CKOro MOHUTOPUHTA YACTHOM IITKOJIBI.

Metoabl m Marepuasabl. lccienoBanue BBINONHEHO B (opMare MNPUKIATHOTO
YIPABJIEHUYECKO-3KOHOMUYECKOTO aHallM3a C JJeMeHTamu case study ©u  cueHapHOro
MozenupoBaHus. B kauecTBe 00beKTa aHaIM3a pacCMaTPUBAETCSl YCIOBHAS YacTHAsl CpeaHss
IIKOJIa TTOJTHOTO JHS, OCYIIECTBIIsONIas 00pa3oBaTeabHyI0 AesaTeabHOCTh ¢ 1 mo 11 kiace B
KpyrnHoM ropojae Kazaxcrana.

Jl1st coxpaHeHHst KOHPUACHIIMATbHOCTA KOMMEPYECKUX JAHHBIX B CTAThE UCIOIb3YETCS
HOpPMAaJIM30BaHHbBIN MOJEIBHBIA Kelc. AOCOIIOTHBIE (PMHAHCOBBIE MOKA3aTeIH OKPYIJIEHBI U
arperupoBanbl. OHM HE SBJIAIOTCS OyXraJTepCKOM WM YNpaBICHUYECKOHM OTUYETHOCTHIO
KOHKPETHOM IIKOJIbI, a UCTIONB3YIOTCS JJI IEMOHCTPAIMM METOAMKHU pacuéra unit €conomics.
IIpn 3TOM COXpaHEHa TUNOBAs JIOTMKA CTPYKTYpPbl JOXOJOB M PACXOJOB YAaCTHOM IMIKOJIBI
NOJHOTO JHS: (OHJI OIIaThl TPyJda BBICTYNAeT KpyHHEWIIUM JapaiiBepoM ce0ecTOMMOCTH,
NUTAaHUE U Pa3BO3Ka MMEIOT MPEUMYILIECTBEHHO CEPBUCHYIO MPHUPOAY, a JOMNOJHUTEIBHOE
00pa3zoBaHre MOXKET ObITh OJJHUM M3 UCTOYHUKOB OMEPAIMOHHON MAPKUHAIBHOCTH.

Meroaunka uccienoBanus 00beIUHIET YEThIpe MOAX0/a:

1. Activity-Based Costing (ABC-costing) - pacnpeneneHue 3aTpaT MO BHJIaM
NEeSATEITbHOCTH.

2. Cost per student analysis - pacué€T ce6eCTOMMOCTH O0yUYEHUS OHOTO YUCHUKA.

3. Scenario analysis - MozaenupoBaHWe BIUSHUA 3arpy3kd mkoiasl U ['O3 Ha
Map>KMHAJIBHOCTb.

4. Unit economics framework - amamuz CAC, LTV, retention, occupancy rate u
ONEPALMOHHON MapXKH.
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ABC-costing 1mMo3BOJISIET pacpeAessiTh PACXO I IITKOJIBI HE TOJBKO MO OyXTanTepPCKUM
CTaThsIM, HO U MO BUAAM JCSITEIbHOCTH, KOTOPBIE CO3/1al0T o0pa3oBaTenbHyt0 yciyry. s
YaCTHOM HIKOJIBI TAKOM MOJXO0J OCOOCHHO Ba)EH, MOCKOJIbKY CTOMMOCTh O0OYUYEHHS BKIIIOUAET
HE TOJIbKO MPOBEJACHHUE YPOKOB, HO M OPraHU3aIUIO MOJHOTO JHA, MUTaHWE, OE30MacHOCTb,
BOCIIUTATEIbHYIO PpalOTy, KPYXKH, METOJUYECKYI0 TMOAJACPKKY, KOMMYHHUKALUIO C
POIUTENSIMU U AJIMUHUCTPATUBHOE COMTPOBOXKIICHUE.

B pamkax wuccienoBaHusi 3aTpaThl YAaCTHOM IIKOJIBI PACTIPEICNICHBI MO CIIETYIOUUM
OJI0KaM:

OCHOBHOE 00YyUY€HUE;

aIMUHUCTPHUPOBAHNUC;

UH(GPaACTPYKTYpa;

0e3011aCHOCTE;

MMATaHNE;

pa3BO3Ka;

JIOTIOJTHUTENIbHOE 00pa30BaHMUE;
® MapKETHUHT U MPOJaXKH.

Jliist pacu€Ta unit economics UCIMONB3YIOTCS CIACAYIOIINE MOKA3ATENN:

CebecToMMOCTh OJTHOTO YYEHHUKA!

Cost per student = Total annual operating costs / Average annual number of students

Jloxox Ha OTHOTO YUYEHHKA:

Revenue per student = Total annual revenue / Average annual number of students

OnepannoHHas Mapxa:

Operating margin = Operating profit / Total revenue

CTOMMOCTb IPUBJICUEHUS YUCHHUKA!

CAC = Total marketing and sales expenses / Number of newly enrolled students

JlonrocpoyuHas IEHHOCTh CEMbH:

LTV = Annual revenue per family x Average retention period x Operating margin

3arpy3ka MpoeKTHON MOIIIHOCTH:

Occupancy rate = Actual number of students / Project capacity

[ToTenmuanbHbIil 006EM ['O3:

State order funding = X(Number of students by level x Per-student funding norm by level)
+ utility funding norm X total number of students

B pacuére I'O3 ncnonb3oBaHbl HOPMATUBBI MOAYLIEBOTO (hruHaHcHpoBaHus Ha 2026 roj
TS TopoJia 6€3 KOJOTHYECKHUX U PaJHallMOHHBIX JIOTUIAT:

- 1-4 knaccel - 416 092 TeHre Ha OJTHOrO YYEHUKA B TOJ;

- 5-9 knaccel - 575 783 TeHre Ha OJTHOTO YYEHUKA B TOJ;

- 10-11 knaccel - 691 840 TeHre Ha OAHOTO YYEHUKA B TOJ;

- KOMMYHaJIbHBIC 3aTpaThl JJII BTOPOW TPYMIBI PETHMOHOB, BKIIIOYas ropoja AcTaHa,
Anmarsl u lIsiMkeHT, - 19 463 TeHre Ha OJHOTO yUEHHUKA.

J1J1st MOJIETFHOM IIKOJIBI PUHSATO CIICAYIOIIEE paclpeeieHne KOHTUHTEHTA!

- 1-4 xnaccel - 180 y4eHUKOB;

- 5-9 knaccsl - 240 y4eHUKOB;

- 10-11 xmaccel - 80 y4eHUKOB;

- Bcero - 500 yuyeHUKOB.
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Pe3yabTaThl

I)YactHas mikoia Kak 3KOHOMHUYECKash cucTema. AHajau3 IMOKa3bIBA€T, UYTO YacTHas
IIKOJIa SBJISIETCA OpraHu3aluen ¢ BBICOKOU 10JI€M MOCTOSHHBIX U YCIIOBHO-TIOCTOSIHHBIX 3aTpar.
B omnnume ot MHOrMX BUIOB OHW3HECA, IIKOJA HE MOXET TMOKO COKpaIllaTh PAaCcXObI
MPOMOPIIMOHAIEHO CHUKEHHUIO KOJIMYECTBa Y4YeHUKOB. Jlake mpu Hemobope KOHTHUHIEHTa
COXpAHSIOTCS PacXolbl Ha 3[aHHUE, OXpaHy, AIMUHHCTPALMIO, KOMMYHAJbHBIE YCIYTH,
MUHUMAJIbHBIN TeJaroriyeckuii cocTaB, JIMIIEH3UPOBAHUE, CAHUTAPHYIO O€30MaCHOCTh U
0a30By10 HHOPACTPYKTYPY.

CrnenoBaTenbHO, KIIOYEBBIM (DaKTOpOM (PUHAHCOBOM YCTOMYMBOCTH YACTHOM IIKOJIBI
ABJISIETCA HE TOJBKO pa3Mep POJIUTENIbCKOM OIUIaThl, HO W YPOBEHb 3arpy3Kd MPOEKTHOU
MOMIHOCTH. [IpM CHWKEHUW KOJMMYECTBA YYCHHKOB CEOECTOMMOCTh OJHOTO YYCHHUKA
YBEJIMUMBAETCS, IMOCKOJIbKY ITOCTOSIHHBIE PACXObl PACHPEACIAIOTCS Ha MEHBIIEE YHUCIIO
00yJaronmxcs.

2)bazoBas HOpMalIM30BaHHAs MOJENb J10X0/10B 0e3 yuéra 1'O3. Jlns nemMoHcTpanuu
METOJMKH ObllIa MOCTPOECHA MOJIETh YACTHOM IIKOJIbI TOJIHOTO HA Ha 500 yueHukoB. B 6a3oBoii
mozenu ['O3 He BKIIIOUEH B OCHOBHYIO BBIPYUKY, UTOOBI HE CMEIIMBATH KOMMEPUECKYIO MOJICITb
IIKOJIBI U CIICHAPHOE rOCyAapCTBEHHOE (PMHAHCUPOBAHUE.

Taoauna 1. Hopmanu3zoBaHHasi CTPYKTypa J10X0A0B MOAEJbHON YACTHOM HIKOJIbI
0e3 yuéra I'O3.

HcTouHuK 10X01a Cymma, vl 11 | Jloast
PonuTennckas oraTa 3a oOydeHue 925 74%
IIutanue 100 8%
Pa3Bo3ka 75 6%
JlonmonHuTenpHbIe 00pa3oBaTeIbHbIC YCIyTH | 125 10%
[Ipoune 10X0abl 25 2%
Hroro noxomel 1250 100%

OCHOBHOM HMCTOYHHMK J0XOJa YaCTHOM IIKOJBI - POAMTENbCKAs OmuiaTa 3a oOydeHue.
Opnako nsi (GMHAHCOBOM YCTOMYMBOCTH BakHa AuBepcudukamnus n1oxonoB. [luranue u
pPa3BO3Ka Yallle UMEIOT CEPBUCHYIO MPUPOY U HE BCETJIA SBJISIOTCS BBICOKOMAPKMHAJIBHBIMU
HanpasiieHUusIMU. JlomosHuTEeNbHOE 00pa3oBaHUE, HANpPOTHB, MOXKET CO37aBaTh 3aMETHBIN
BKJIaJ] B ONIEPAL[MOHHYIO IPUOBLIb, €CJIM OHO FPAaMOTHO BCTPOEHO B 00pa30BaTENbHYIO MOJIEb
IIKOJIBI.

Baxxno nmoguepkHyTbh, yTo HckiatoueHue ['O3 u3 0a3oBoi TaOIMIBI HE O3HAYAET €ro
He3HauuTenbHoCcTH. Hamportus, 'O3 MOXeT CylIeCTBEHHO BIMATh Ha 3KOHOMMKY YacTHOU
IIKOJIBI, HO €ro HeoOXOJMMO PAaCCUMUTHIBATH OTHAEIBHO, [0 HOPMAaTHBaM MU (DAKTUUECKOMY
KOHTHUHIEHTY.

3) Hopmanu3oBaHHasi CTpyKTypa pacXxo/I0B.

Tadanna 2. HopMain3oBaHHAs CTPYKTYPA PACX0J10B MOAEJIbHOM YACTHOM IIKOJIBI.

CraTtbs pacxoioB Cymma, maH 1r | JloJis1 OT pacxoaoB
®OT, HaJIOTH U COMUANIbHBIEC OTYMCIICHUS 560 52%

[Tutanue 90 8%

Pa3Bo3ka 75 7%
KoMMyHanbHBIE YCIIYTH U COAECPKAHNUE 3TAHUS 85 8%

Y4eOHble MaTepUalIbl, HHBEHTAPh, XO3sICTBEHHBIE pacXoasl | 55 5%

beszonacHocTs, IT, cBsA3b, TMIIEH3UPOBAHNE, AKKPEAUTAIUS 50 5%
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-
MapKeTHHT U IPOAAKU 35 3%
Amopruzanus / apenja / ¢uHaHcoBas Harpy3Ka 100 9%
[Tpoune oneparmoHHbIE PACXOIbI 30 3%
Hroro pacxozpl 1 080 100%

Haubonee kpymHoi cTaThEéil pacxofoB sBisieTcs (OHA OIIIATHI TPyJa C HaJOoraMu H
COLIMAIBHBIMUA OTYHUCIICHUSIMU. DTO 3aKOHOMEPHO I 00pa3oBaTENbHOW OpPraHHU3aluu, IIE
KayeCTBO YCIyI'M HalpsIMyl0 3aBUCUT OT MPO(PECCHOHAIBHOIO YpPOBHS II€Aaroros,
CTaOUIIbHOCTHU KaJpOB U 3P PEKTUBHOCTH YIPABIECHUECKOW KOMaH/bI.

BTopbiM 3HaUMMBIM OJIOKOM SIBJISIFOTCSL MH(PACTPYKTYpPHBIE pacXoibl: KOMMYHaJIbHbBIE
YCIIyTH, COJIEp)KaHue 3JaHusl, aMOPTU3alMsl, apeH/1a Wik (UHAHCOBasl HAarpy3Ka. DT PacxXo/ibl
UMEIOT TMPEUMYILECTBEHHO IIOCTOSHHBIM XapakTep M OCOOEHHO CHJIBHO BIUSIOT Ha
ce0eCTOMMOCTb IIPU HEA03arpy3Ke MIKOJIBL.

[IntaHre M pa3BO3Ka TAKXKE 3aHMMAIOT 3aMETHYIO JOJI0 pacxogoB. OHH IMOBBIIIAKOT
LHEHHOCTh WIKOJBI JJIi POAMTENEH, HO TPEOYIOT TOYHOIO YIpaBieHYEeCKOro pacuéra. Ecnu
IIKOJIA HE KOHTPOJUPYET 3aKYIKH, JIOTUCTUKY U ONEPalOHHBIE HOPMBI, 3TH CEPBUCHI MOTYT
CHMXATh OOLIYI0 Map>KUHAJIBHOCTb.

4) Pacuér cost per student u MmapkuHanbHOCTU. Ha OCHOBE HOpMAIM30BaHHOW MOJAEINN
COBOKYIIHBIE JJOXOJbI IIKOJIBI COCTABILAIOT 1 250 MIIH TEHre B roj, COBOKYIHBIE pacxodsl - 1
080 MiH TeHTe, onepalnroHHas IpuobLIb - 170 MIIH TeHre.

Taoauna 3. OcHoBHbBIE NTOKa3aTeJu unit economics 0e3 yuéra 'O3.

Iloka3zarenb 3HaueHmne
KonnuecTBo y4eHHKOB 500
CoOBOKYIIHBIE JOXObI 1 250 muH T
COBOKYITHBIE€ PaCXOIbI 1 080 myH T
OneparrioHHast npuObLIb 170 maH 1T
OnepannoHHas MapKUHaJIBHOCTh | 13,6%

Revenue per student 2 500 000 Tr/rox
Cost per student 2 160 000 tr/Tox
Profit per student 340 000 Tr/ron

Pacuétbl mOKa3bIBAIOT, YTO IAJKE MPU TOJOBOM BBIpYUKe 1,25 MIIpA TEHre onepanuoHHas
MapUHAIBHOCTh cocTaBisieT 13,6%. DT0 1eEMOHCTPUPYET, YTO YaCTHAS ILIKOJIA HE SIBISETCS
OM3HECOM C aBTOMATHYECKHM BBICOKOM NPUOBLILHOCTHIO. 3HAUMTENbHAs 4YacTh JI0XOJOB
HampaBJisieTCsT Ha oOecreyeHHe KadecTBa, O€30MacHOCTH, KaJIpOBOM YCTOHYMBOCTH U
UHOPACTPYKTYPBHI.

CebecToMMOCTbh OJJHOTO YUYEHHKA COCTABIISIeT 2,16 MIIH TeHre B roJl, i npumepHo 180
ThIC. TEHI€ B MeECALl MpHU pacnpenesneHnn Ha 12 mecsieB. J[aHHbIH nokaszaTteib OOBICHSET,
MOYEeMy YacTHAsl IIKOJIA TMOJHOTO JHS HE MOXET YCTOMYMBO paboOTaTh MPH CIUIIKOM HU3KOU
CTOMMOCTHU OOY4YEHHMsI, €CJIM OHa 00ECIEUYMBAET MOJHOIIEHHOE MUTAaHUE, CUJIBbHBIM KaJIpOBbIN
cocTaB, 0€30MaCHOCTh U JAOMOJIHUTENIbHbIE 00pa30BaTEIbHbIE BO3MOKHOCTH.

5) Cuenapnsiii pacuét 1'O3 no HopmatuBam 2026 roma. OTaenbHO ObUT pacCUUTaH
NOTEHUIUATBHBIA 00BEM TOCYIapCTBEHHOIO 00pa30BaTEIbHOIO 3aKa3a JIsl MOJIEIbHON HIKOJIbI
Ha 500 yuyeHukoB. PacuéT BbIOTHEH HA OCHOBE HOPMATHBOB MOYIIEBOT0 (PMHAHCUPOBAHUS HA
2026 rox nist ropoaa 6€3 HIKOJIOTUYECKUX U PaIuallMOHHBIX JOTLIAT.
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Taomunma 4. Pacuér nmorenumaanHoro I'O3 mag mogeapHOo mMKOJLI Ha 500
YEHUKOB.

YpoBens o0pazoBaHusi KoumnuectBo Hopmatus Ha 1 yuennka | Cymma,
YUEeHHKOB B roj, Tr T
14 xnaccel 180 416 092 74 896
560
5-9 kiaccel 240 575 783 138 187
920
10—11 xmaccol 80 691 840 55 347
200
Ntoro onepainimoHHOE MOAYIIEBOE 500 268 431
(dbuHaHCHpOBaHHE 680
KommyHaabHbIE 3aTpaThl 500 19 463 9 731 500
Hroro norennmansueiii 006éM 'O3 B 278 163
ron 180

Pacuér mnokaspiBaeT, YTO MNpH TOJHOM Y4YacTMM MOZAENbHOM mmKoiael B ['0O3
NOTEHIHMAIBbHBIA 00BEM TOCYJapCTBEHHOTO (PMHAHCUPOBAHUS MOKET COCTaBUTH OKOJIO 278,2
MJIH TEHT'€ B roJl. DTO 3HAYUTENIbHO OOJIbIIE YCIOBHBIX 25 MJIH TEHI€, KOTOPbIE MOTYT OBITH
XapaKTepHbI TOJIBKO JUIsl YACTUYHOTO (PMHAHCUPOBAHUS OTPAHUYEHHOTO KOJIMYECTBA YUEHUKOB.

CrnenoBaTelbHO, B CTPYKTYPE JOXO0I0B 4acTHOM IKOJbI ['O3 HE T0JKEH aBTOMaTHYECKU
oTpaxkatbcsl Kak 2% OT BBIPYUYKH, €CIIM peub UAET O (PMHAHCHPOBAHWU BCETO KOHTHHIEHTA.
bonee koppekTHbIN oaxo1 - paccMarpuBarh ['O3 uepes oTaeNbHbIE CLIECHAPUH:

Taoauna 5. CueHapuu yyacTusi 4acTHoil mkoJsl B 'O3.

Cuenapmuii Onucanue OpueHTHPOBOYHBIN 00BEM
o3

be3 I'O3 [[Ixona paboTaeT TOJIBKO HA POJAUTEILCKOM OIjIaTe U 0Tr
KOMMEPUYECKHX 10X0AaX

YacTuuHbIN PUHaHCHPOBAHNE OTPAHUYEHHOTO KOJIMYECTBA OKOJI0 22—28 MJIH TT

o3 y4eHuKoB, HanpuMep 4050 genosek

[Monnwiii 'O3 duHaHCUPOBAHUE BCETO MOJIEIHHOTO KOHTHHTeHTa 500 0K0J10 278,2 MITH TT

YYEHUKOB

I'O3 MokeT UCTI0IB30BaThCS O-PA3HOMY B 3aBUCUMOCTH OT MOJIEJIH IIKOJIBI: KaK (PakTop
CHUKEHUSI POJUTENBCKON HArpy3KH, KaK UICTOYHUK KOMIIEHCAIIMM YaCTH CEOECTOMMOCTH WIIN
KaK MEXaHHU3M MOBBIIIEHUS (PMHAHCOBOM mpejackasyemoctd. OnHAKo B JIOOOM Cilydyae OH
TpeOyeT MPO3pavyHOro y4éra, MOATBEPXKICHHUS KOHTHHTEHTA, COOTBETCTBUS TPEOOBAHUSIM U
TOTOBHOCTH IIKOJIBI K MOHUTOPHUHTY.

6) CrieHapuu 3arpy3Ku U BIUSHUAE HA MAPKUHATHHOCTh. OHUM U3 KITFOYEBBIX (haKTOPOB
YCTOWYHUBOCTHU SABJISIECTCS 3arpy3Ka MPOEKTHOW MOIIHOCTHU. /[ 4aCTHOM IIKOJIBI C BBICOKOM
JI0JIel TIOCTOSIHHBIX 3aTpaT HeJ000p YUYEHHKOB PE3KO YBEIMYMBAET CEOECTOMMOCTH OJIHOTO
y4YEHUKA.

Taoauna 6. CuieHapuu 3arpy3Ku IMIKOJIbI.

Cuenapuii KoimuectBo Yposenn Ynpasienueckuii 3pdexr
Y4eHHKOB 3arpysKu
[Teccumuctnunbiii | 400 80% PocT cebecroumocTu Ha yueHHKa,
JTABJIICHUE HA MapXKy
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ba3zoBblit 500 100% OnepannonHasi yCTOWYMBOCTD ITPU
KOHTpPOJIE PacXoJI0B

Ontumuctuuneiii | 550 110% PocT Map>kMHaIBbHOCTH NIPU YCIIOBUU
COXpaHEHMsI KauecTBa

[leccuMHUCTHYHBIN CLIEHAPUI TOKA3bIBAET, YTO CHUYKEHNE KOHTHHIeHTa 10 400 y4eHUKOB
MOXET CYIIECTBEHHO YXYJIINTh 3KOHOMUKY IIKOJIBI. IIOCTOSIHHBIE pacXobl COXpaHSIOTCS, a
JOXOJbl CHIKAIOTCA. B Takol cUTyallMd WIKOJIa MOXXET CTOJIKHYTHhCS ¢ HEOOXOJAMMOCTBIO
MOBBIIIATh CTOMMOCTh OOyYEHHs, COKpallaThb pacXoJbl WM AaKTUBHEE pPa3BUBATH
JOTIOJIHUTENIbHBIE HCTOYHHUKHU JOXOAA.

bazoBeiii cuieHapuit Ha 500 y4YeHHMKOB OOECIEUMBAET YCTOMYMBYIO OIEPAIMOHHYIO
Mozenb. [Ipu Takoii 3arpy3ke 1IKoa crnocooHa NOKpbIBaTh OCHOBHBIE PACXO/Ibl, HHBECTUPOBATH
B Ka4€CTBO U COXPAHAThH Pa3yMHYI0 MapKHHAJIBHOCTD.

OntuMucTUYHBI cueHapuil Ha 550 yYeHHKOB MOXET MOBBICUTH NMPUOBLIBHOCTH, HO
HECET PUCK CHM)KEHHUS KA4eCTBAa IIPU HEMPABUIIBHOM YyNpPaBJIEHUU. ECIM pOCT KOHTHHIEHTA
IIPUBOJUT K IEPENIOIHEHUIO KJIACCOB, NEPETPY3KE MENArOrOB, YXYALUIEHUIO CEPBUACA U POCTY
HEJIOBOJICTBA POJUTENEH, KpPAaTKOCPOUHBIA (PUHAHCOBBIA BBIMIPBIINI MOKET MIPHUBECTH K
JIOJITOCPOYHOMY CHIKEHHIO retention.

Oo0cyxaenue. Pe3ynbraTbl HCCIEIOBAHUS TNOKA3BIBAIOT, YTO BBICOKAsI CTOMMOCTH
0o0y4yeHHs HE O3HAa4yaeT aBTOMATHUYECKM BBICOKOM NpHObUIbHOCTU. PomuTenbckas ormuiara
IOKPBIBAET HE TOJIBKO YPOKH, HO M IIUPOKUM KOMIUIEKC 00s3aTeIbHBIX MPOLIECCOB: OILUIATY
TpyZJa TIE€aroroB, HAaJOTHU, NUTAaHUE, OXpPaHy, KOMMYHAJIbHbIC YCIyI'HM, CAaHUTapHYIO
oe3omacHocTh, IT-uHdpacTpykTypy, MeTOAMUYECKOE  pPa3BUTHE,  AJIMUHUCTPATUBHOE
COIIPOBOKJICHUE U MAPKETHUHT .

Ha ocHoBe aHanmm3a MOXHO BBIICNIUTH MATh OCHOBHBIX JpaiiBEpOB Ce0ECTOMMOCTH
YaCTHOM IIKOJIBI.

IlepBblii apaiiBep - ¢onHa omiarbl Tpyaa. KadectBo 00pa3oBaHMsI HEBO3MOKHO
obOecreunTh 0€3 KBaTU(UUHUPOBAHHBIX MEJArOroB U CTAOMJIBHOM yNpPaBJIEHYECKOW KOMAH/IBI.
[Toatomy ®OT He TOMKEH pacCMaTPUBATHCS TOJIBKO KAK CTAThs PACXOJ0B. ITO UHBECTUIIUS B
KA4eCTBO, PEIyTALMIO U YACPKAHUE CEMEN.

Bropoii apaiiBep - 3arpy3ka npoeKTHOM MOIIHOCTH. YUeM HUXKe 3arpy3Ka, TEM BBIIIE
ce0ecTOMMOCTb OJIHOTO YUEHHKA. JTO AeiaeT retention OAHUM U3 BaXXKHEHIUX (DUHAHCOBBIX
MOKA3aTeIeH IIKOJIBI.

Tpernit pgpaiiBep - uHpacTpykrypa. 3JaHHe, KOMMYHAJIbHBIE pPAaCXOJbl,
0€3011acHOCTb, PEMOHT M aMOpTU3aLMsl (POPMHUPYIOT 3HAUUTEIBHYIO MOCTOSHHYIO HArpys3Ky.

YerBépThlii apaiiBep - CepBUC IOJHOr0 aHdA. [Iutanue, pa3Bo3ka, KPYXKKU H
COIPOBOXKACHHUE MOBBIIAIOT [IEHHOCTH IIKOJIBI AJI POJUTENEH, HO TpeOYIOT TOUHOTO pacyéra.

IIsaTeiil apaiiBep - MApKEeTHMHI M NpPHBJECYEHHE YYeHMKOB. Ecim mkosa tepser
YUYEHUKOB, €l TNPUXOAMUTCS TPAaTUTh OOJbIIEe CPEACTB Ha MNpHUBJICYCHHE HOBBIX. [loaTOMY
YAEPKAHUE CEMEH DKOHOMHUYECKH BBITOJHEE IIOCTOSHHOW KOMIIEHCALlMH OTTOKA Yepes
peknamy.

OtnenpHOro BHMMaHus 3aciyxuBaer ['O3. McnpaBieHHbI pacy€T MOKa3bIBAET, YTO
roCyJapCTBEHHOE (PMHAHCUPOBAHHE MOKET OBbITh HE CHMBOJUYECKOH, a 3HAYMMOM YacCThIO
DKOHOMHKHM YaCTHOW LIKOJIBI. [Ipy MOJHOM 0XBare MOJEIbHOrO0 KOHTUHreHTa 500 y4eHHKOB
00bEM ['O3 MoKeT cocTaBUTh 0K0JIO 278,2 MJTH TEHT€ B roj. DTO 03HayaeT, 4to yyactue B ['O3
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CIOCOOHO 3aMETHO TOBIUATHP HAa (DMHAHCOBYIO YCTOMYHMBOCTh, CHHU3HUTH JaBJICHHE Ha
POJIUTENBCKYIO OIJIATy MJIN YCHUJIUTh BOZMOMHOCTH LIKOJIBI [10 Pa3BUTHIO KAYECTBA.

Opnaxo ['O3 He momkeH paccMaTpuBaTHCS Kak aBTOMaTHUeCKas MPUObLIb. JTO LIEJIEBOE
¢buHaHCHpOBaHHUE, CBA3AHHOE C 00Pa30BATEIbHON YCIYTOM, MOATBEPKIACHHUEM KOHTHHIEHTA,
TpeOOBaHUAMU K IIPO3PAYHOCTH, UPPOBOMY YUETY, COOTBETCTBUIO JINLIEH3UH, 0€301aCHOCTH
U KaJIpOBOM YKOMIUIEKTOBAaHHOCTH. [Io3TOMY B unit economics yacTHo# mkossl ['O3 nomkeH
YUHUTBIBATBCS OTACIBHO: HE KaK YHHBEpCajbHas JOJA BBIPYYKH, a KakK CLEHApHBIM H
MHCTUTYLIMOHAJILHO 00YCIIOBIEHHBIN (aKTOP.

Pa3BuTHe rocy1apcTBEHHOro 00pa3oBaTENIbHOTO 3aKa3a U BAyYEPHOTO (PMHAHCUPOBAHMS
MEHSIeT SKOHOMMKY YacTHOW IIKOJbl. B HOBOW Mojenu (uHaAHCOBas yCTOMYMBOCTH OyJIeT
3aBHCETh HE TOJBKO OT POJUTENIHCKOW OIUIAThl, HO U OT CIOCOOHOCTH IIKOJBI paboTaTh B
nu(ppoBOil cucTteMe: MOATBEPKIAATh (PAKTUUECKU KOHTUHIEHT, BECTU KOPPEKTHBIA YUET,
B3auMoIeicTBOBaTh ¢ LMS, NpoXoAUTh MOHUTOPUHT U COOTBETCTBOBATh TPEOOBAHUSIM.

JUIsE 9aCTHBIX IMIKOJ 3TO CO3Ja€T KaK BO3MOYKHOCTH, TaK M PUCKU. B0O3MOXKHOCTH
3aKJIF0YAETCs B MOBBILIEHUU MPEICKa3yeMOCTH (PMHAHCUPOBAHUS U PACIIUPEHUH JOCTYTHOCTH
yacTHOro oOpa3zoBaHus. PUCK CBsi3aH ¢ poCcTOM TpeOOBaHUM K MPO3PAYHOCTH, OTYETHOCTU U
yopaBiieHuYecKod aucuuiuinae. ClenoBaTenbHO, unit €conomics YaCTHOM IIKOJBI JOJIKEH
YUUTHIBaTh HE TOJBKO BHYTPEHHIOI (MHAHCOBYIO MOJEIb, HO U HMHCTUTYIIMOHAJIbHbBIE
MEXaHU3Mbl ((MHAHCUPOBAHUSI.

OnTumuszanusi ce0eCTOMMOCTH YacTHOM IIKOJbl HE JIOJKHA CBOJUTHCS K IPOCTOMY
COKpAILEHHUIO pacxoA0B. B 00pazoBanuu upe3mepHas 3KOHOMUS MOKET IPUBECTU K CHUKEHUIO
KaueCTBa, X0y CHIIbHBIX [1€1arOroB, YXyLIEHUIO CEPBUCA U POCTY OTTOKA poauTeliel. boiee
KOppEKTHasi YINpaBJiCHUECKas JIOTMKa 3aKjldaeTcs B YNPaBICHUM OalaHCOM MEXIy
ce0eCTOUMOCTBI0, II€HOW, TOCYJapCTBEHHbIM ()MHAHCUPOBAHWEM M BOCHPHUHHMAEMOM
LEHHOCTBIO JUIsl POJIUTENEH.

JUIst peryyisipHOro yIpaBiI€HYECKOTO MOHUTOPHUHIAa YAcCTHOM IIKOJIE PEKOMEHIYEeTCs
ucnosib3zoBaTh Habop KPI, koTopbIil oTpaxaeT HE TOJBKO OyXTraJTepCKHil pe3yibTaT, HO U
peanbHble (PaKTOPbl YCTOMYMBOCTH.

Taduauua 7. KPI ¢uHaHCOBOM YCTOHYHBOCTH YACTHOM IIKOJIbI.

KPI dopmyJa YnpaBiieH4eCKHIl CMBICJI
Cost per student OO6mme pacxo/ibl / cpeHui CebecToMMOCTh OJTHOTO YUEHHKA
KOHTHUHIE€HT
Revenue per OO6mwme 10X0/bl / cpeHui KOHTUHTEHT | JloX0o1 Ha OTHOTO yUYeHHKA
student
Operating margin OmneparmorHasi TprOBLITH / TOXOIBI MapKHUHAJIbHOCTh MPOEKTA
Occupancy rate @DaKT yueHUKOB / TPOEKTHAS 3arpys3Ka IIKOJIbI
MOIIIHOCTb
Retention CoxpaHuBuecs yueHUKH / 6a3a VY nepxanue cemeit
MIPOLLIOTO rojia
CAC MapKkeTHHT ¥ POoJa’ku / HOBBIE CronMoCTh IPUBJICYEHHS] YUEHHUKA
YUYEHUKH
LTV Jloxoa ceMbH X CPOK OOyUEHHS X Jonrocpo4Hasi IEHHOCTh CEMbH
Mapka
Payroll ratio ®OT / BeIpyUKa Kanposast Harpy3ka
Break-even [TocTostHHBIE pacxobl / Map)ka Ha MuHUMaNIBHBIN HYKHBIA KOHTUHTE€HT
enrollment YYCHHKA
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.
Referral share 3asBKH 110 peKOMEHaIMsIM / Bce YpoBeHb J0BepUs K LIKOJIE
3asiBKU
State funding per I'O3 / konuyecTBO Pa3mep rocymapcTBeHHOTO
student npoMHAHCUPOBAHHBIX YYCHUKOB (MHAHCHPOBaHMS HA YUCHHUKA
I'O3 coverage rate | KonudectBo yuenukos o ‘O3 / Hoiist oxBaTa rocy1apCTBEHHBIM 3aKa30M
001N KOHTUHTEHT

OTU TOKa3aTelu CIEAyeT OTCICKHBATh €KEMECISYHO WM €XeKBapTaabHO. OcoOeHHO
BaXHO  cBs3biBaTh  (QuHaHcoBeie KPI ¢ oOpa3oBaTeiabHBIMH  TOKa3aTENSIMHU:
YAOBIETBOPEHHOCTBIO POJUTENEH, KauecTBOM OOy4YeHHUs, AUCHMIUIMHON, pe3yibTaTaMu
HK3aMEHOB, OJIUMITUAZAMU U YJIep>KaHUEM YUYECHUKOB.

B xauecTBe mpakTHYECKOTr0 HHCTPYMEHTA MpeJiaraeTcs UCIoIb30BaTh KAbKYJISATOP unit
economics. OH JOJKEH BKJIIOYATh BXOAHBIC TAPAMETPhI: MPOEKTHYIO MOIIIHOCTD, (PaKTHYECKUN
KOHTHHITE€HT, CpPEIHIOI0 pPOAUTEIbCKYIO OIUIATy, JOXOAbl OT MHUTAHUS, Pa3BO3KH H
JnonojaHuTenbHOro odpaszopanusi, ®OT, Hanoru, apeHay WIH aMOpPTU3AIUI0, KOMMYHAJIbHbIE
pacxojpl, MUTaHUE, OXpaHy, MapkeTuHr, [T, nuIeH3UpOBaHMUE, AKKPEAUTALUIO U TPOUYHE
pacxoibl.

OtnenpHbIN OJIOK KaldbKyJATOpa AoJkeH ObiTh mocBsmEH ['O3. B Hero HeoOxoaumo
BKJIIOUUTh:

- KOJIMYECTBO YYCHUKOB 1—4 K1accoB;

- KOJIMYECTBO YYEHUKOB 5—9 KI1acCOB;

-Koaum4ecTBO yueHUKoB 10—11 kimaccos;

-HOpMAaTUB Ha OJHOTO YYEHHUKA 110 KaKJIOMY YPOBHIO;

-KOMMYHQJIbHbII HOPMATHB;

-HAJIMYME WIN OTCYTCTBHUE JOTIOJIHUTEIBHBIX KOA(PPUITUEHTOB;

-0011Mi1 00BEM MOTEHIIMAIBHOTO TOCYApCTBEHHOTO (PMHAHCUPOBAHMS;

-nonto ['O3 B 00111€li CTPYKTYpE JOXO0JI0B;

-BiusiHAe ['O3 Ha pOIUTENBCKYIO OIJIATy U Map>KUHAIBHOCTb.

BrixogHeiMu TOKazaTeNsIMU  KaJIbKYJISITOpA JOKHBI OBITH CEOECTOMMOCTH OJIHOTO
y4eHUKa, J0XOJ Ha OJHOT0 YYEHHKa, ONepalMoHHas MPUObLIb, MapXKMHAJIBLHOCTh, TOYKA
oesyosiTounoctu, CAC, LTV, 3anac ¢GuUHAHCOBON YCTOWYMBOCTH, BIMSHUE HeI000pa
YYEHUKOB Ha Cce0ECTOMMOCTh, BIUSHHE retention Ha mpuObLIsL U BiausHue ['O3 Ha 001IyIO
(MHaHCOBYIO MOJIEIIb.

Takoil KambKyJISATOp TMO3BOJISIET JUPEKTOPY IIKOJIbI MOJCIUPOBATH MOCIEACTBUS
YIpPaBICHYECKUX pEIICHUN a0 uxX npuHAths. Hampumep, MOXHO 3apaHee YBHUIIETb, Kak
WU3MEHUTCS MapKUHAIBHOCTh MpPU CHMXXEHUU KOHTHMHreHTta Ha 10%, poctre @OT nHa 15%,
YBEJIMYEHUH CTOMMOCTU MUTAHUS, 3aIlyCKE HOBOTO KPY>KKOBOI'O HAIPABJICHUS, U3MEHEHUU
MapKETUHTOBOTO OFO/KETa MU MOJKIIOUYEHUN YacTH YueHUKoB k ['O3.

3akiouenue. VccrnenoBanue mokasbpiBaeT, yTO (PUHAHCOBAS YCTOWYMBOCTH YaCTHOM
IIKOJIBI OTIPEIENIAETCS HE TOJIBKO YPOBHEM POJIUTEILCKOM OTIAThI, HO M KAU€CTBOM YIIPaBIICHUS
ce0eCcTOMMOCTBIO, 3arpy3KOi TPOCKTHOM MOIIHOCTH, yACPKaHUEM KOHTUHICHTA, CTPYKTYpPOM
JOTIOJITHUTENIHHBIX YCIYT, BO3MOXKHOCTBHIO y4acTHsI B TOCYJIapCTBEHHOM OOpa3oBaTeIbHOM
3aKa3e U CIIOCOOHOCTHIO MIKOJIbI aaNTUPOBATHCS K HOBBIM ME€XaHU3MaM (hMHAHCUPOBAaHUSI.

Ha ocHoBe HOpManM30BaHHON MOJENIN YaCTHOM IIKOJIbI MOJHOTO JHSA Ha 500 y4eHUKOB
YCTAHOBJIEHO, YTO IMPU COBOKYIHBIX TOJOBBIX J0xoaax 1 250 miuH Tenre u pacxoaax 1 080 muaH
TEHIe ornepaluoHHas NpuObLIb cocTaBisieT 170 MIIH TeHre, a onepalMoHHasi Map>KUHATbHOCTh
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- 13,6%. CebecTouMMOCTb OJTHOTO YUEHHKA COCTABIISIET 2,16 MIIH TEHTE B IO, a JOXOJ] Ha OJTHOTO
Y4YE€HUKA - 2,5 MIIH TEHT€ B TOX.

UcnpaBnennslii creHapublii pacy€r 1'O3 mokas3piBaeT, 4TO MpPU IOJHOM OXBaTe
MOJICJIPHOTO KOHTHUHT€HTAa MOTEHIHAIbHBII O00BEM TOCYyIapCTBEHHOIO (PMHAHCHUPOBAHHMS
MOKET COCTaBUTh OKoJio 278,2 MaH TeHre B roa. CnepgoBarenbHo, 'O3 HE TOIKEH YCIOBHO
OTpakaTbCsl KaK HE3HAUMTEIIbHAS J10JIs BBIPYUYKHU, €CJIM peub UAET O (MHAHCUPOBAHUM BCETO
KOHTHHIeHTa. bojee KOppeKTHO paccMaTpuBaTh €ro KakK OTAEIbHBIM CLEHapHBIN (akTop,
KOTOPBIN MOKET CYIIECTBEHHO MEHATh 3KOHOMHKY YaCTHOM IIKOJIBI.

JlaHHBIE PE3YNBTATHl MOKA3bIBAIOT, YTO AAXKE IIPU BBICOKOM COBOKYITHOM BBIPYYKE
qacTHas IIKOJIA MOXET HMMETh YMEPEHHYIO MApXKUHAIBHOCTh H3-32 3HAYMTEIBHOM 0
00s3aTenbHBIX pacxonoB. KiroueBbiMu (hakTOpamMu (PUHAHCOBOM YCTOMUMBOCTH SIBISIFOTCS
doHx omnarel TpyJa, 3arpy3ka KJIaccoB, HMH(PACTPYKTYpHBIE PpPACXO/bl, MHTAHUE,
0e30MacHOCTb, JOMOJHUTEIbHBIE 00PA30BATENbHBIE YCIYTH, retention ¥ MHCTUTYIIMOHANIbHAS
TOTOBHOCTH K padote ¢ I'O3.

[IpakTrueckast 3Ha4UMOCTh CTaThH 3aKitouaercs B npenioxxkennu KPI u unit-economics
KAJIbKYJISITOPA, KOTOPBIM MOJKET HCIONb30BAaThCAd JAUPEKTOPAMU YACTHBIX IOKOJ JJIA
IUTAHUPOBAHUS OIOPKETa, pacy€éTa TOYKH O€3yObITOUHOCTH, OLIEHKH CLEHApUEB 3arpy3KH,
YIPABJIECHHS MapKETUHIOM, pacu€ra ['O3 u npuHATUS PELICHUI O Pa3BUTHH JOIOJIHUTEIBHBIX
YCIIYT.

['maBHBIN BBIBOJ, MCCIIEAOBAHUS COCTOUT B CIEAYIOLIEM: YacTHas IIKOJIa (PUHAHCOBO
yCTOMYMBA HE TOTJa, KOTJ1a UMEET BHICOKYIO CTOMMOCTh 00y4€HHUs, a TOT/1a, KOTAa yMEET TOUHO
yOpaBIsATh CE0ECTOMMOCTBIO, LIEHHOCTBIO, 3arpy3KOW, yJep)KaHHUEeM, KayeCTBOM U
BO3MOXKHOCTSIMHU F'OCYJapCTBEHHOTO (PMHAHCUPOBAHMS.
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MarucTpast nporpammel EMBA

Hayunbliii pykoBoauTenb: Ymup3akoB Camaxan blHTbikOaeBHY
1.3.H., mpodeccop

Yuusepcurer Hapxo3

(r. Anmmarsl, KazaxcraH)

AT'EHTCKASA CETb U JOBEPUTEJIBHBIE KAHAJIBI ITPOJIA/K KAK
UHCTPYMEHTBI POCTA CCYJTHOI'O TOPT®EJISI MUKPOKPEIUTHON
OPI'AHU3ALIMU (HA IPUMEPE ABTOJIOMBAP/IA)

AnHotaumsi: B cratee Ha wMmatTepuanax keiica aBronombapna (TOO «JlombGapa
[Iporpecc», r. Anmarsl) 0OOCHOBBIBAE€TCA POJIb Ar€HTCKOW CETH M JIOBEPUTENIbHBIX KaHAJIOB
OpOJaX KakKk KIIYEBBIX HMHCTPYMEHTOB pPOCTa CCYJHOTO MOPTQEnst MHUKPOKPEIUTHOM
OpraHU3alMH B YCIOBUAX HACBIIIEHHOTO U MAapKMHAJIBHO CXATOro phIHKA. [[poananu3upoBana
CTPYKTypa KaHaJIOB IPUBJICYEHUS KJIMEHTOB, B KOTOPOW AareHTCKHM KaHal U MOBTOPHBIE
obOpamenust popmupyrotr okosno 80 % caenok. PaccMoTpeHa HOHUT-3KOHOMHKA areHTCKOTO
KaHaja (Bo3HarpaxjeHue 1-2 % npu cyiecTBeHHO 0osiee HU3KOH CTOMMOCTH MTPUBJICYEHUS 110
CPaBHEHHUIO C IJIATHOM peKJiaMOi) M ero BiIMsSHUE Ha KadecTBO mopTdens. [lokazana poib
CRM-cuctemnl (Bitrix24) kak uHdpacTpyKTyphl MaciiTaOupoBaHHUs KaHanoB. [Ipemniosken
KOMITJIEKC MHCTPYMEHTOB HapalllUBaHUS CETH U YJIeP>KaHUsI KIIMEHTOB, YBSI3aHHBIH C I1eJIEBBIMU
nokasaressaMu pocta nmoptdens ao 1,5 mapa tr npu ROE > 30 % u NPL <3 %.

KuroueBble ci10Ba: MUKPOKpPEIUTHAS OpraHU3aIlus, aBTOJIOMOap/1, CCyAHbINA MOPTQEb,
areHTCcKasi CeTh, JIOBEPUTEIbHBIE KaHAJbI, JIOSIbHOCTh KIHeHToB, CRM, cTpaterus pocra.

BBenenue

JlomOapanbiii cerMeHT MUKpo(dHrHaHcoBoro peiHka PecnyOnmku Kazaxctan Betynui B
dazy 3penoctu U oboctpeHus: koukypenuuu. [lo ganueiMm HanmonansHoro banka PK, Ha 1
anpenst 2026 roga B cTpaHe aelicTBoBanio 466 1oMO0apAOB ¢ COBOKYIMHBIMU akTuBamu 653,9
MJIPA TT ¥ KpeAuTHBIM nopTdenem 481,3 mupa 1r [1]. 3a nepsbiii kBapTai 2026 rojia akKTUBBI
CEKTOpa BBIPOCIH NouTH Ha 12 %, a 10151 3aiiMOB € IPOCPOYKOM cBbIIe 90 THEN yBEIMYMIIACH
¢ 1,6 no 2,1 % moptdens, 4To CBUAECTEIBCTBYET 00 YCUJIEHUH KOHKYPEHIMU U HAKOIUICHUHU
KPEAUTHOTO pHcKa. PRIHOK HEOAHOPOIEH U ACIUTCS HA TPU CErMEHTa: IoMOap ibl, paboTaromiue
C 30JI0TOM U IOBEJMPHBIMU M3AeusIMH (KpymHeime urpoku — M-Jlombapa, MK-Jlombapn,
MK-3o0m0oto Jlombapn c¢ aktuBamu 69—106 wmupa Tr), aBTOJOMOApAbl W OpraHU3AIMH
cMmemanHoro tumna (Hanpumep, Ceitd JlomGapa — 52,0 mupx Tr). [lpu sTom nuddepenmnmarnms
110 [IEHE NMPOJYKTAa BHYTPU CETMEHTOB OIPaHUYEHA.

CermeHT aBTOJIOMOAPA0B — KPEIUTOBAHUS MO/ 3aJI0T aBTOTPAHCIIOPTAa — OTJIMYACTCS
ocoboi moTHOCTRI0 KoHKYpeHuu. TOO «Jlombapa IIporpeccy ¢ aktuBamu okosio 1,17 mipa
Tr U KpeauTHbM noptdenem 1,01 mupa tr 3anumaet 43-e mecto cpeau 466 nombapaoB PK u
BXOJIUT B IPYIIIY KIJIFOUEBBIX «YUCTHIX» aBTOJIOMOap10B I'. AnmMartsl [1]. KauectBo noprdens y
UTPOKOB CETMEHTa pa3ivyaeTcs KapAUHAJIbHO: 10Js mnpoOiemHbIX 3aiiMoB (NPL 90+) y
OTZIETbHBIX aBTOIOMOap 0B npeBsbimaet 30 %, Toraa Kak y JJUAepOB M0 KAYECTBY HE JOCTUTAET
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u 1 %. JlIomGapap! mpu 3TOM pabOTAIOT UCKIIOYUTENBHO ¢ PU3NYECKUMU JTUI[AMH U HE 00S3aHbI
paccuuThIBaTh KOAI(PGUIUMEHT AOJITOBOM HArpy3kd 3aéMIIMKa, YTO 00ECIeYMBAET CKOPOCTh
BbIJAYM KaK KJIIOYEBOE KOHKYpPEHTHOe npeummyiiectBo nepenq M®PO [2]. B 3tux ycnoBusx
YCTOWYMBBIA POCT CCYTHOTO MOPTQeEs ompeAensercss He eHoH 3aiiMa, a 3((GEeKTUBHOCTHIO
KaHAJIOB MIPUBJICUCHUS U yACpKaHUS KIMEHTOB U KaueCTBOM PUCK-0TOOpA.

Lens Hacrosmei cratbu — Ha ocHoBe keiica TOO «JlombGapn Ilporpece» (r. Anamatsl,
aBToJNioMOapn, padotatoumuii Ha peiHKe ¢ 2011 roma) o0OCHOBAaTh, YTO B YCIOBUSX
HACBIIIEHHOTO PBhIHKA KIFOUYEBBIMU HHCTPYMEHTAMH POCTa CCYIHOTO MOPTQENs BHICTYIAIOT
areHTCKasi CeTh U JIOBEPUTEIIbHBIE KaHANIbI PO (TOBTOPHBIE 0OpaIIEHUS! K PEKOMEHIAINN),
a CRM-cucrema siBnsiercs HeoOX0IUMON HHPPACTPYKTypol ux MaciitabupoBanus. Hayunas
HOBH3HA COCTOUT B CUCTEMATH3AIH KaHAJIOB IIPUBJICUEHUS aBTOJIOMOAp/1a 1 OLIEHKE UX BKJIaJa
B POCT MOPTQeEIIst ¢ YBA3KOH K LIE€JIEBbIM (PMHAHCOBBIM MOKA3aTEISIM.

MatepuaJibl 1 METOAbI

UccnenoBanue BBITIOTHEHO B METOJOJOTUM €AMHUYHOTO Kelc-ctamu (case study).
OMIupuYecKkyro 0a3zy coctaBwin oduuuaibHbie aaHHble HanmonanbHoro banka PK mo
JoMOapAHOMY CEKTOpPY (CBelleHHs 0 JoMOapaax Mo cocTosiHuio Ha 1 stuBaps u 1 anpens 2026
roja), ayaupoBaHHas ¢uHaHcoBasg oT4€THOCTh TOO «Jlombapa Ilporpecc» 3a 2025 rox u
BHYTPEHHHE YIPABICHYECKUE JaHHBIC KOMIIAHUH: CTPYKTypa KaHAJIOB IIPUBJICUYECHUS] KIINEHTOB,
napaMeTpbl areHTCKOro BO3HArpaXkIEHHWs, J0Jsl TOBTOPHBIX OOpallleHul, I0Ka3aTesu
JIOXOJTHOCTH U KauecTBa noptdens. [IpuMeHeHbl METOJbl KaueCTBEHHOrO aHajin3a Ou3Hec-
IIPOLIECCOB M pacyéra FOHUT-3KOHOMHUKHM KaHAJIOB IPUBJICYECHUS. TEOpeTHYECKON paMKOi
MOCTYKWJIA KOHUEIINU CTpAaTEeruii MPOHUKHOBEHHUS HA PBIHOK [3], ynpaBieHUs] MapKETUHIOM
Y KaHalaMu pacnpezenceHus [4], a TakkKe SJKOHOMUKHU KIIMEHTCKOM JOsUIbHOCTH [5].

Pe3yabTaTsl u 00Cy:KI1eHue

CTpykrypa KaHanoB npusJjedenus. AHamu3 cruenok TOO «JlomOapa Ilporpecc»
MOKa3bIBAET, UTO areHTCKUi kaHan odecneunBaeT 40—50 % BbIIay, @ MOBTOPHBIE KIMEHTHI —
e 3040 %. Cymmapno okoiso 80 % caenok npoxXoauT Yyepe3 JOBEPUTEIbHBIE KaHATIbI — TO
€CTh 4Yepe3 IOCPEIHUKOB, JIMYHO 3aMHTEPECOBAHHBIX B KayeCTBE KJIMEHTa, JUOO depes
KJIMEHTOB, YK€ HUMEIOIIUX MOJIOKHUTENbHBIA OMBIT COTpyAHHMYECTBA. JOMS «XOIOTHOTO»
npuBiedyeHHs (IJIaTHash pekigama, Cly4aHbld Tpaduk) ocTa€Tcsi BTOPOCTENEHHOW. JTa
CTPYKTypa NPUHIUIHAIBHO OTJIWYaeT OWM3HEC-MOJENIb OT MOJENEH, ONMUPAIOIIUXCS Ha
MacCOBBII MApPKETUHT, U ONPEIEISAET JIOTUKY JATBHEUILIEro pocTa.

FOHMT-3KOHOMHKA areHTCKOro KaHaja. AreHTCKas CeTh OpraHU3alli HACUUTHIBAET
OKOJIO JIECSITH JICMCTBYIOIIMX ar€éHTOB; BO3HArpaxaeHue coctapisieT 1-2 % OT CyMMBbI CHAENKHU.
KiroueBoe npenMyIecTBo KaHana — HE TOJIbKO HU3Kasl yIeJIbHasi CTOMMOCTb IIPUBJIEUYEHHUS 10
CpPaBHEHHUIO C IUIATHOM PEKIaMOW, HO W TpeaBapUTENbHAs «(PUIbTpaAIUs» KIMEHTA: areHT
OPUBOAUT TIATEKECTIOCOOHOTO 3aéMILMKA, B KOTOPOM JIMYHO 3aMHTEPECOBAH, YTO CHIDKAET
BEPOSITHOCTh Je(oJiTa U MOJACPKUBAECT KayecTBO NopTdesnss. IToO 0COOEHHO 3HAYMMO IS
CerMeHTa aBToJoMOapaoB, rae, mo gaHHbiIM HamumonansHoro banka PK, paszbpoc momu
pOOIEMHBIX 3aliMOB MEKy UTPOKaMHu npeBbiaeT 30 MpOLEHTHBIX MyHKTOB. TakuM o0pazom,
areHTCKUM KaHal OJHOBPEMEHHO padOoTaeT Ha JiBa LEJEBbIX MOKa3aTesis — pocT nopTdens u
yaepxkanue NPL Ha HU3KOM ypOBHeE.

JloBepuTe/bHbIE KAHAJIBI U JOSJILHOCTD. [ToBTOpHBIE 00pamenus (30—40 % caenok)
IpEICTaBISIIOT co00i HanboJee peHTa0eIbHbIN KaHal: CTOMMOCTh WX MPHUBJICYEHUS OJIM3Ka K
HYJII0, KOHBEPCHS BBIILIE, a KPEIUTHASL UCTOPHS KIMEHTA YK€ n3BecTHA. COrIacCHO KOHLELIAN
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JIOSUTBHOCTH, YAEp KaHUE CYIIECTBYIOIIETO KIIMEHTa KPaTHO JEHIEBIIC TPUBICYEHUS HOBOTO, a
HAKOIUICHHAasi HMCTOpPUS B3aUMOJCHCTBHS TMOBBIIIAET TOYHOCTh OLIGHKKM pucka [5]. g
aBTOJIOMOap/ia 3TO O3HAYaeT, YTO WHBECTHIIMM B KAa4eCTBO CEPBUCA M KIUCHTCKUMA OIBIT
(mpo3pauHble yCIOBHUS, OTCYTCTBHE HABSI3aHHBIX CTPAXOBOK KaK 3JIEMEHT YHHUKAJIbHOTO
TOPTOBOTO MPEIOKEHUS) HAMIPSAMYIO KOHBEPTUPYIOTCS B pOCT MOPTQEs 3a CYET MOBTOPHBIX
BBIJIa4Y U PEKOMEHIALINMN.

CRM kak undpacTpykrypa macmuradbuposanus. Pazsépnyras B oprannzaunn CRM-
cucreMa Bitrix24 BBIOIHAET pOJb UHPPACTPYKTYPbI, 0€3 KOTOPOH T0BEPUTEIbHBIE KAHAIIBI HE
MaciTabupyrorca. OHa obecrieunBaeT YU€T U aTpUOYIUIO CIIEIOK MO areHTaM (KOPpPEeKTHBIN
pacy€T BO3HATrpaXJIE€HHUs U OUEHKY 53(PGEKTUBHOCTH KaXKJOTO areHTa), CErMEHTAIIUIO
KIIMEHTCKOW 0a3bl W aBTOMAaTUYECKHE TPUITEPhI IMOBTOPHBIX OOpalieHui (HAIIOMHUHAHWSI,
MPEJIOKEHUSI IO UCTEUCHUH CPOKa 3aliMa), a TakyKe HAKOIUICHUE JaHHBIX Ui ckopuHra. [lo
Mepe pocTa 4Yucjia arecHTOB W KJIMEHTOB PYYHOE aJMUHUCTPUPOBAHUE CTAHOBUTCS Y3KUM
MECTOM, M HWMEHHO I[upoOBU3ALMS TMPOILIECCOB IO3BOJIIET pPacCIIUpsTh CEeTh 0e3
MPONOPLHHUOHAIBHOTO POCTa A IMUHUCTPATUBHBIX PACXO0B.

duHaHCOBasI paMKa M HejeBble Noka3areau. [lo aynupoBaHHOW (QUHAHCOBOM
otuétHoctd 3a 2025 rox (TOO «Anmup KoHcanTuHI») NPOLIEHTHBIE AOXOJbl KOMIIAHWUU
coctaBwin 382,3 MJIH TT, YUCTBIM MPOLEHTHBIM 10X0a — 163,6 MiH Tr, ynucTas npuoObLUTh —
17,6 mmaa 1r. ChOpMHUPOBAHHOTO TMPOLEHTHOTO JIOXOJla JOCTATOYHO JJIsi TOKPBITHUS
OTIEPAlIMOHHBIX PACXO0JIOB M areHTckoro BosHarpaxkiaeHus (1-2 % ot cymmsl chenku). Ilo
nanabiM HammonanpHoro banka PK, ma konen 2025 roma ccyaHbiii mopTdens KOMIAHUM
noctur 1 048 muH Tr mpu gosie npobiemubix 3aiiMoB (NPL 90+) 2,9 % u coOGcTBeHHOM
karmutane 173,9 MiIH Tr, 4TO COOTBETCTBYET peHTadenbHOCTH coOcTBeHHOro Kanurtana (ROE)
okoiio 10 % [1]. ITo cocTostnuto Ha 1 anpenst 2026 roga noptdens coctasua 1 010 miH Tr, 4TO
cooTBeTcTBYET 43-My Mecty cpeau 466 nomOapaoB PK. Ctparernueckue opueHTupsl Ha 2026—
2027 ronpl ¥ pojib paCCMOTPEHHBIX KaHAJIOB B UX JTOCTHXKEHHUH MPECTaBICHBI B Ta0IuIeE 1.

Tabuuua 1 — IleqeBbie moka3zaTejy PpoCcTa M BKJIAJ KAHAJIOB IIPUBJICYCHUSA

Iloka3aTenb daxr 2025 Hean 2026-2027 | Beayuiuii kanaJu

Ccynusiit noptdens, MJIH TT 1 048 1 500 ATEeHTBHI,
MIOBTOPHBIE

ROE, % ~ 10 >30 Huszknit CAC
KaHAJIOB

NPL 90+, % 2.9 <3 OunbTpanms
areHTamMmu

AreHTcKas ceTh, Uell. ~ 10 20-25 Pa3Butne cetu

Ipumeyanue — cocmagneno asmopamu no oauuvim TOO «Jlombapo Ilpoepecc» u Hayuonanvrozo
banka PK.

IIpennaraemble UHCTPYMeHTbI pocta. Ha ocHOBe TmpoBeAEHHOrO —aHaIM3a
npeaiaracTcsl KOMILICKC B3aWMOYBSI3aHHBIX HMHCTPYMEHTOB: (1) MHOTOypoBHEBas CHCTEMa
MOTHBAIIMN ar€HTOB C MIPOTPECCUBHBIM BO3HArPaKICHUEM 3a 00BEM M KaUECTBO TPHUBOIUMBIX
crnenok; (2) dopmanuzoBaHHas pedepanbHas MporpaMma JJjisi JCHCTBYIOIMIMX KJIMEHTOB,
nepeBosIIas «capagaHHoe paJno» B yIpaBlseMbl kKaHait, (3) aBToMaTH3aIys MOBTOPHBIX
npoaaxk B CRM (TpurrepHbie KOMMYHHKAIIUA 110 UCTEUCHUHU CPOKa 3aiiMa, MpeHACTPOCHHBIC
npemioxkenus); (4) cerMeHTanmsl KIMEHTCKOW 0asbl sl aApeCHBIX MPENJIOKEHUH WU
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MPUOPUTHU3ALMNKN HU3KOPUCKOBBIX CETMEHTOB. COBOKYIHO 3TH MHCTPYMEHTHI HAIpaBIICHbI HA
yaBoeHue areHTckoi cetu (¢ 10 1o 20—25 areHToB) U yBeIUYeHUE J0JIU TOBTOPHBIX BbIJay 0€3
IPOMOPIMOHAIIBHOTO POCTa CTOMMOCTH MPUBJICYEHHUS.

Bmecte ¢ TeM KOHIIEHTpalusl MPUBJICUCHUS B JOBEPUTENBHBIX KaHalaX HECET PUCK
3aBUCUMOCTH OT OrpPaHUYEHHOTO0 Kpyra areHToB. [[is ero CHWXEHHsS 1eIecoo0pa3HbI
nuBepcuUKaIUsl areHTCKoW 0a3bl, JOKYMEHTHpPOBaHUE KIMEHTCKUX oTHomieHuid B CRM
(4TOOBI 3HAHUE O KIMEHTE MPUHAJIEkKATIO0 OPraHU3alliH, a HE areHTY) U MMOCTENIEHHOE Pa3BUTHE
cOoOCTBEHHBIX ITU(GPOBBIX KAaHAJIOB KaK JIOMOJIHEHUS, HO HE 3aMEHBI JIOBEPUTEIHHON MOJIEIH.

3akioueHue

[IpoBeaEHHBIN aHANM3 MOKA3bIBAET, UTO B YCIOBUSX 3PEJIOr0 U Map>KUHAIBHO CXKAaTOTO
aomOapaHoro peinka Kasaxcrana (466 nomGap10B, coBOKyMHBIN mopTdens 481,3 mupa Tr Ha 1
anpenst 2026 roga) OCHOBHBIMM MHCTPYMEHTAMHU POCTa CCyAHOro moptdens aBroiombapa
BBICTYIIAIOT HE IIEHOBBIC MapaMeTphl MPOJYKTa, a areHTCKas CETh U JIOBEPUTEIbHBIC KaHAJIbI
nponax. Ha npumepe TOO «Jlombapn Ilporpeccy» ycraHoBieHo, uTo okosio 80 % cuenok
(dbopmMHpyeTCs Yepe3 areHTOB M OBTOPHBIE OOpallieHus], o0ecrneunBas OJHOBPEMEHHO HU3KYIO
CTOMMOCTb MpUBIIEYEHUsI U mNojaepxaHue kauectBa noprdens. CRM-cucrema sBisieTcs
HEOOXOJMMBIM YCJIOBHEM MACIITa0OMPOBAHUS 3THX KaHAIOB. lIpennokeHHbI KOMILIEKC
WHCTPYMEHTOB — MOTHUBAIIUS areHTOB, pedepanbHas MporpaMma, aBTOMAaTU3aIUs TOBTOPHBIX
MPOJIaXK M CETMEHTAIMsI — yBS3aH C [EJIEBBIMH MMOKa3aTeIsIMU pocTa noptdens o 1,5 miupa tr
npu ROE ne nuxke 30 % u NPL He Bbiie 3 %. IlorydeHHbIE BBIBOABI UMEIOT MPAKTUYECKYIO
3HAYUMOCTb JIJII MUKPOKPEAUTHBIX OpraHu3alfii JOMOapAHOTO CEerMeHTa U MOTYT OBITh
pacrnpoCTpaHEHbI HA CONIOCTABUMbIE PhIHKH.
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PA3BPABOTKA MOJAEJIA YITPABJIEHUA TEXHOJIOI'MYECKUM
HNPEOBPA3OBAHMEM TOPI'OBOI'O HPEAIIPUATHUA B YCJIOBUAX
HUP®POBU3ALINU (HA IPUMEPE PBIHKA «AJITBIH OPIA», PECITYBJINKA
KA3AXCTAH)

AnHOTamusi: B crarbe paccMmarpuBaeTcsi MOJENb YIPABICHHUS TEXHOJIOTMYECKUM
npeoOpa3zoBaHUEM TOPTOBOTO MPEINPHUATUS B YCIOBUSX LU(POBU3ALMH, pa3padOTaHHAs Ha
IpUMeEpPe KPYMHEUIIEro ONTOBO-PO3ZHHUYHOIO arpoIpoI0BOJILCTBEHHOIO pblHKAa PecryOiuku
Kazaxcran «AnteiH Oppa». B KadecTBe KIIOUEBOTO MEXaHW3Ma pEAIN3ALUA  MOJEIH
paccMaTpuBaeTCsl KOMIUIEKC HHCTpyMEHTOB ¢uHaHcoBhiX TexHojoru (FinTech). Ha
TEOPETUUYECKOM  ypoBHE (OpMHUPYETCS HUHTETPUPOBAaHHAs  KOHIIENTyalbHas pamka,
o0BbeMHAIOMIAs TEOPUI0 IUIATGOPMEHHON HKOHOMHUKH, TEOpUI0 OH3HEC-IKOCUCTEM U
npukiIaaayto Teoputo FinTech. Ha smMmupudeckom ypoBHE BBITIOTHEH aHAU3 TEKYIIIeH On3Hec-
mozaenu obOwekta (AS-IS), OenumapkuHr MexayHapoiHbix keiicoB (Taobao Villages,
Hepsiburada, Rungis), a Ttakxe aBTOopckoe mosieBoe uccienoBanue (n = 45). IIpennoxena
nenenas monenb «Altyn Orda Digital Huby (TO-BE), Bkirogarorasi 4eTbipe B3aMOCBSI3aHHBIX
FinTech-unctpymenTa: enuHbIil miuaTéxHblii Xxad, UGpoBoi (HaKTOPUHT, albTEPHATUBHBIN
KPEIUTHBI CKOPUHI W aBTOMATU3WPOBAHHBIM Y4YET JOTUCTUKU. [IpOrHO3HBIA pacuér
SKOHOMUYECKON 3(PPEKTUBHOCTH HA TPEXJIETHEM TOPU30HTE MOJATBEPKAAET OKYHaeMOCTb
npoekTa B TeueHue 1,5 net npu o0béMe nHBecTUIMM 250 MIIH TEHTe, YUCTON MPUBEAEHHOM
CTOMMOCTH NopsiAka +275 MITH TEHre U BHYTPEHHEW HOpME foXoaHocTh 38—42 %.
KuarwueBsble cioBa: nudponas tpanchopmanus, FinTech, ontoBo-po3HUUHbIE PBIHKH,
IUIaTEXHBIE SKOCUCTEMBI, IU(PPOBOI (PAaKTOPUHT, YIIPaBICHUE U3MEHEHUSIMU, PHIHOK «AJITHIH
Opna», Kazaxcran.

BBenenue

CoBpeMeHHass 3koHOMHMKa PecryOnmmku KazaxcraH mnpoxoauT 3Tanm MaciTaOHOMN
udpoBoit Tpancopmaruu (purancoBoro cekropa. [lo manaeiM Harmmonanbsnoro banka
Pecny6mmuku Kazaxcran, noms 0e3HAIMYHBIX TUTaTeked B 001meM o0bEMe omepariiii Bo3pocia
¢ ypoBHs MeHee 30 % B 2015-2016 rogax no 87,2 % k koniy 2025 roaa; B 2024 roay uucio
riatexei yepe3 QR-koxa BepBbie MpeBbICKIIO YUCO iatexeit yepe3 POS-repmunainel (Ha 26
%), a exXeTHEBHBIN 00BEM omepanuii uepes miatéxusie cuctembl HBPK B mepBom momyronun
2025 roma coctaBuia okoso 6,3 TpiH TeHre. [0 «HeHab0/1aeMoiy SKOHOMUKH, 110 JIAHHBIM
bropo nammonaneHo# cratrcTuku Pecnybnmukum Kazaxcran, coxpatumacek ¢ 19,75 % BBII B
2021 rogy no 16,71 % BBII o utoram 2024 rona.
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OpaHako B CErMEHTE KPYITHBIX ONTOBO-PO3HUYHBIX PHIHKOB M IIPOIOBOJILCTBEHHBIX Xa00B
ypOBEHb HU(POBHU3AIMH OCTAETCS CYIIECTBEHHO HIDKE CPETHECTATUCTUUECKUX TTOKa3aTeNe 1mo
sKkoHOMUKe. [lo00HBIE TOProBble OOBEKTHI HCTOPUYECKH (YHKIMOHHPYIOT B YCIOBHUAX
npeobnagaHusl HaJUYHBIX pacu€ToB, (parMEeHTUPOBAHHOM WH(OOPMALMOHHOW Cpeasl U
HU3KOTO YpOBHS (pOpMaju3allMy JEOBBIX OTHOILIECHUN. YKa3aHHbIE OCOOEHHOCTH HE TOJIbKO
MPENSATCTBYIOT MHTETPALMU JIAHHBIX O0OBEKTOB B COBPEMEHHYIO (PMHAHCOBYIO CUCTEMY, HO U
CO3/aI0T CUCTEMHBIE PUCKU: CHIXKEHHE COOUPAEMOCTH HAJIOTOB, OTPAaHUYEHUE T0CTYyTa Majioro
u cpennero 6usHeca (MCB) k ¢duHaHCHpPOBaHHIO, POCT U3NEPHKEK JIOTUCTHUKUA U JeUIUT
JIOCTOBEPHOU PBIHOYHOUN aHATUTHKH.

OOBEKTOM HACTOSIIETO UCCIIEIOBAaHUS BRICTYIAET phIHOK «AnThiH Opna» (Kapacaiickuit
paiioH AIMaTUHCKOM 00J1aCTH) — KPYIHEHIINI ONTOBO-PO3HUYHBIN arporpo10BOIbCTBEHHBII
xa0 PecnyOnuku Kazaxcran. [lo manaeim Asian Development Bank (Allen, 2018), o0bekT
obOecneunBaet npudIM3UTENLHO 90 % HaMOHANBHOM TOPU30HTAIBHOM TOProBiu B Kazaxcrane
IpU TPOMYCKHOM CHOCOOHOCTH J10 2 MJIH TOHH IUIOJOOBOIIHOW MPOAYKIMU B TOJ; Ha
Tepputopur GyHKIHOHUPYET O0KoJIO 5 000 TOProBBIX TOYEK, €KEAHEBHBIM MacCCaKUPOMOTOK
coctaBisgeT npudauzuTeasrHo 50 000 yenoBek.

Lenpto cTaThu dABIsSIETCS pa3padOTKa MOJEIM YIPABIEHUS TEXHOJIOTHYECKUM
IpeoOpa3oBaHUEM TOPIOBOTO MPEANPUITHS B YCIOBUAX LU(PPOBU3ALMU (HA MPUMEPE phIHKA
«AnteiH Opaa») u 000CHOBaHKE €€ SKOHOMUYECKOH 3PeKTUBHOCTH. B KauecTBe KIt04eBOro
MHCTPYMEHTAJIBHOTO MEXAaHHM3Ma pEalM3alli MOJEIINM PACCMATPUBAETCS MHTEIPUPOBAHHBIN
nakeT MHCTpYMEHTOB ¢uHaHCcoBbIX TexHonoruil (FinTech). Hayunas HoBu3Ha uccienoBaHus
3aKJII0YaeTCs B JOPMUPOBAHUU WHTETPUPOBAHHON KOHIENTYATbHON paMKH, 0ObEIUHSIONICH
TEOpPUIO TUIAT(GOPMEHHON SKOHOMHKH, TEOPUIO0 OWM3HEC-IKOCHUCTEM U MPUKIAIHYIO TEOPHIO
FinTech IIPUMEHUTEIBHO K cnenuuuecKkoMy 00BEKTy — KPYITHOMY
arpomnpoJ0BOJbCTBEHHOMY PBIHKY pPa3BUBAIOLIEHCS AKOHOMHKHU, JJII KOTOPOro MoAoOHas
CUHTE3MpYIOLasl MOJEib paHee He NpuMeHsuiach. [IpakThueckas 3HAYUMOCTH COCTOMT B
(GOopMHpOBaHMM TOTOBOIO K BHEAPEHHUIO KOMIUIEKCA YNPABICHUYECKUX  PEIICHHH,
aJlanTHPOBAHHBIX K HALIMOHAJILHOMY KOHTEKCTY PecyOnnku Kazaxcras.

Teopernueckne 0CHOBBI UCCJICTOBAHMS

IlinargopMeHHAsi IKOHOMHMKA U TeOpHUsi OM3HEC-IKOCUCTEM

Kanonuueckas Teoperuueckas paMka IIaT(OpMEHHONM 3KOHOMHMKHU Obula 3aJl0’K€Ha B
pabote Rochet u Tirole (2003), mokazasiieit, yTo 1eHOOOpa3oBaHKe Ha MIaThopMax JTOHKHO
YUUTHIBaTh NEPEeKPECTHBIC BHEIIHUE 3(D(HEKTHI MEXKAY CTOPOHAMM: KaXAbIH JOTIOIHUTEIbHBIN
MPOJIaBeIl TOBBIMIAET EHHOCTh MATGOPMBI NIJIsl MOKymaTeseil, 1 Haobopor. Van Alstyne,
Parker u Choudary (2016) pa3Bwim 3Ty JOTHKY, JOKa3aB, 4YTO TpPaJAUIUOHHBIC
«TpyOONpPOBOIHBIE» KOMIAHUU, K KOTOPHIM OTHOCATCA W KJIACCHUYECKHE ONTOBBIE PBIHKH,
CHUCTEMAaTUYECKU MPOUTPHIBAIOT IIaTGopmMaM B YCIOBUSX 3peiod HUPPOBONH SKOHOMHUKH,
MOCKOJIbKY TIaT(GOopMbl 00Jaal0T MPUHLIMIHAILHO JyYIIeH NpeaebHOM SKOHOMHKOW M
ceTeBbIMU 3 deKTamu.

Konuenuust 6usHec-3kocucteM, pa3BuBaemas B padotax Adner (2021), ommcwiBaer
YCJIOBHSI yCHEIIHOro (OPMUPOBAHUS MHOTOYYACTHMKOBBIX JEJIOBbIX cpen. KitoueBoe
MOJIO)KEHUE TEOPUM COCTOMT B TOM, YTO YCTOMYMBOCTH 3IKOCHUCTEMBI OINpPEIEISIeTCS He
KOJMYECTBOM YYacCTHUKOB, a COIVIACOBAHHOCTBIO MX LEHHOCTHBIX MPEMJIOKEHUN H
PaBHOBECHOCTBIO PpACIPEACIICHUS CO3/1aBa€MOM IIEHHOCTH. [IpUMEHHUTENBHO K KPYIHOMY
ONTOBO-PO3HUYHOMY PBIHKY IUTaT(OpMEHHAs JIOTUKAa O3HA4aeT Mepexo]l OT MOJEIH

201



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

Central Asian
Scientific
Journal

«apeHaoAaTteab — apeHAaTop» K MOJEIH «omepaTop HUPpPOBOM HHPPACTPYyKTyphl —
YYACTHUKHU SKOCUCTEMBD.

FinTech kak HHCTpYMeHT TpaHC(OPMALMH TOPIrOBBIX IKOCHCTEM

®unancossie Texnosoruu (FinTech) B coBpeMeHHOM TOHMMaHUU TIPEICTABIISIOT COOOM
HE TMPOCTO COBOKYMHOCTb HWHCTPYMEHTOB OIUIATHI, @ KOMIUIEKC ITM(POBBIX CEPBHUCOB,
obOecrieunBaronux GOpMHUPOBAHKE JIOBEpHUs, YCKOpEHHE OO0OpauyMBAaeMOCTH KaluTajia u
CHUXEHUE HHPOPMAIIMOHHON aCUMMETPUH MEXKy YYaCTHUKAMU JICJIOBBIX OTHOIIEHUH (Arner,
Buckley, & Zetzsche, 2020; Pazarbasioglu et al., 2020). Ilo nanasiM BcemupHoro Oanka
(Pazarbasioglu et al., 2020) u banka mexayHapoansix pacu€rtoB (Claessens et al., 2021),
unterpanus FinTech-cepBucoB B ToproBbsie MOTOKM (HOPMHUPYET TaK Ha3bIBAEMBI «KOHTYP
naHHble—ceTb—aKTUBHOCTE» (DNA loop), B paMkax KOTOpPOro TpaH3aKLIMOHHBIC IaHHBIC
CTAHOBATCA UICTOYHUKOM (PMHAHCOBBIX TPOYKTOB, a (PUHAHCOBBIE IPOIYKTHI, B CBOIO OUEPEb,
PacHIIMPSIIOT MOJIb30BATENbCKYI0 0a3y MmIaT(GOpMBI.

[IpyHUMIIMATBPHO 3HAYUMBIM PE3YJNbTaTOM LHUPPOBOM TpaHCHOpPMALUU TOPTOBBIX
DKOCUCTEM SIBJISIETCS. BHEAPEHUE AJbTEPHATUBHOIO KPEAUTHOIO CKOPHHIAa HAa OCHOBE
TpaH3aKIMOHHBIX AaHHbIX. Berg, Burg, Gombovi¢ u Puri (2020) nokazamu, 4TO Jaxe
MUHUMAJIBHBIN «IIUPPOBOU ciemy, GopMUpyeMblii IPU OHJIAWH-PETHCTPALlUA U COBEPUICHUN
NEPBBIX TPAaH3aKIUi, 001a/1aeT MPOrHOCTUYECKON CHIION MO YMOJIYaHHUIO, CONOCTaBUMON WU
peBoCXOosAIIeH Kiaccuueckue kpeauTHsie peiituaru. Hong Kong Monetary Authority (2021)
u Consultative Group to Assist the Poor (CGAP, 2024) noarBepawiin >KU3HECTIOCOOHOCTh
noJ0O0HOM MOJeNM Ha SMIUPUYECKUX JaHHBIX HWHAWWCKMX W TOHKOHICKUX (UHTEX-
OIEPATOPOB.

JUis ONTOBOM TOProBIM MPOJOBOJLCTBHEM 0C000€ 3HAYEHHE HMeEeT IUPPOBOil
¢dakropunr. [lo ganaeiM Beemuphoro 6anka (2021) u OECD (2021), undposoii (hakTopuHT
COKpallaeT CpPOK OIIaThl MOCTAaBOK B cpeaHeM Ha 70 % u ycTpaHsSeT OCHOBHOM (aktop
KACCOBBIX Pa3pbIBOB B IPOJIOBOJIBCTBEHHBIX Lienoukax MCb.

Metoaosiorus

MeTo1010THYECKHl anmapar UCCIeAOBaHUS MOCTPOCH Ha COYETAHWU KaOWHETHBIX U
NoJIEBbIX METOAO0B. KaOWHETHbI OJOK BKJIIOYAET KOHTEHT-aHAJM3 HOPMATHUBHBIX aKTOB
PecnyOonuku Kazaxcran, oTuéTHo-aHanmuTuyeckux MarepuanoB HarmonaneHoro banka PK u
bropo narmmonaneHo# craructuku PK, otuéroB mexmyHnapoausix opranusanuii (World Bank,
BIS, OECD, McKinsey & Company), Hayunsix myOnukanuii B Scopus u Web of Science, a
TaK)Ke aHATMTUIECKUX 0030poB phiHka muaTexxeit PwC Kazakhstan u Mastercard Kazakhstan.

Crparernueckuil aHanu3 Makpocpedbl M BHYTPEHHEH cpelbl 0OBEKTa BBIIOJHEH C
npumeHenueM metonoB PESTEL u SWOT. MoaenupoBanue TeKymuX W IEJIEBBIX OW3HEC-
npo1ieccoB ocyuecTBieHO B joruke BPMN-notaiuu (monenu AS-IS u TO-BE). benumapkunr
MEXIYHApOJHOIO OIbITa BBIMOJHEH MO TPEM Keicam, penpe3eHTUPYIOIIMM pa3IuvyHbIe
reorpaguyeckue U sKoHOMHUYeckue KOHTeKCThl: Taobao Villages B Kuraiickoit Haponnoit
Pecny6nuke, sxocucremsl Hepsiburada u Trendyol B Typumu, onToBblii peiHOK Rungis BO
OpaHUUH.

[ToneBast yacTh UCCIENOBAHMS BKIIIOYAET AaHKETHBIM OMPOC apeHIaTOPOB pbIHKA (n = 45),
PENpe3eHTUPYIONINX OCHOBHBIE TOBAPHBIE IPYIIIHI (IJI0J00BOIIHAS TPOAYKIUSA, CYXO(PPYKThI
U opexu, Oakanesi, MACHas U MOJIOYHAs MPOIYKIHs, HETIPOIOBOJIBCTBEHHBIE TOBAPHI) U THUIIBI
cyOBeKTOB (MHIUBHAyaIbHBIC mpeanpuHuMatenn — 71,1 %; manple opuandeckue auina —
28,9 %), a TaKKe CEpUI0 W3 YETHIPEX MIYOMHHBIX MOIYCTPYKTYPHUPOBAHHBIX HHTEPBBIO C
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KJIFOUEBBIMU SKCIIEPTAMHU PhIHKA: IPEACTABUTENIEM aIMUHUCTPALINH, PYKOBOJAUTEIEM OIITOBOTO
HaIpaBJICHUS KPYITHOTO apeHaaTopa, IpeacTaBuTesieM GepMepPCKOTo X035CTBa, COTPYTHUKOM
Oanka-naptaépa. [IporHO3HBIN pacdéT HSKOHOMUYECKON A(P(HEKTUBHOCTH BBHITIOJHEH C
MPUMEHEHUEM KJIaCCHYECKUX MeToA0B mHBecTulMoHHOro aHanu3a (NPV, IRR, ROI, ananu3
YyBCTBUTEJIBHOCTH).

Pe3yabTaThl cclie10BaAaHUSA

/InarHocTuka od0bekra: moaeb AS-IS u cucremHbie 0apbepbl

MopenvpoBaHue TEKYIIETO COCTOSIHHS  pblHKAa «AnTeIH Opga»  MO3BOJIMIO
UACHTU(GUIIMPOBATh YeThIpe (PYHKIIMOHAIBHBIX KOHTYypa (COOp apeHHOU IJIaThl, PO3HUYHbBIC
pacy€Thl, ONTOBbIE PACUYETHl C MOCTABUIMKAMHM, JOTUCTUYECKOE 00ECIeUeHUE), B KAKIOM U3
KOTOPBIX MpeobagaeT HaMuIHbINA pacuéT. COBOKYITHAS JOJI HATMIHOTO 000pOTa B ACHEKHBIX
MOTOKax OOBEKTa, MO DJKCIEPTHOM oOIleHKe, cocTaBisier He MeHee 70 %. Ilo wutoram
JUAarHOCTUKU  CPOpMYJTUPOBAaHbl  MSITh  CUCTEMHBIX  0aphepoB  TEXHOJIOTUUYECKOU
Tpancopmanu: uHGopManroHHas ¢parMeHTanus, JOMUHUPOBAHUE HAJIMYHBIX PaCUETOB,
KAaCCOBBIE Pa3pbIBbl y MOCTABIIMKOB (OTCPOUKHU OIJIaThl 7—45 MHEi), OorpaHUYEHHBIN JOCTyM
cyobekToB MCB k hrHaHCHPOBAHUIO U HEMTPO3PAYHOCTH JIOTUCTUKH.

BeHuMapKkHHI MeKTYHAPOAHBIX KeiicOB

AHanmu3 TpEX MEXKIYHApOJHBIX KEHCOB BBISBUI TPU YCTOWYMBBIE aAPXUTEKTYpPHBIE
MoJieNd M(poBU3AIMN KPYITHBIX TOProBbIX Xa0oB. [Iporpamma Taobao Villages (3amyiena
Alibaba Group B 2014 romy) oobenunser B 2022 roay 7 780 «taobao-ngepeBeHb» u 2 429
«Ta00a0-ropo70B» B 28 MPOBUHIIUAX, OOeCTIeUrBaET 8,28 MIILTHOHA PAOOUYUX MECT B CEJIbCKOM
MECTHOCTH | JIocTuriia oobéma npoaax 1,3 tpiu roaneit B 2021 roxy (AliResearch, 2020; Luo
& Niu, 2019). [udposoit 6ank MYbank, Bxoasmuit B rpynmny Ant Financial, o6cmyxuBan
cBbllie 20 MUJIMOHOB CEIBCKUX KJIMEHTOB C YPOBHEM MPOCPOUYEHHOU 33JI0JKEHHOCTH OKOJIO
1,5 % (MYbank, 2021).

Typeukuii onbIT XapakTepU3yeTcs MapajijieIbHBIM Pa3BUTHEM JBYX JTOMUHHPYIOIIMX
¢unTex-3xocucteMm: Trendyol (250 Teicsiu akTHBHBIX pojaBuoB, GMV 12,5 mipa nonnapos
CIHA B 2024 romy) u Hepsiburada (monnas mimatéxHas JUUEH3US, 15 MUIUIMOHOB
nosib3oBatesie komenbka Hepsipay, o0bEéM kpenutoBanus 16,2 mapa aup B 2024 ronay).
Crparernuecku 3HaUMMBIM JJTsI Ka3aXCTaHCKOTO KOHTEKCTA cTayio npuodopeteHue Hepsiburada
kazaxcranckoil punrex-rpynmnoit Kaspi.kz B suBape 2025 roga 3a 1,127 mupa gomnapos CILA,
YTO MOJTBEPKIAET MPUMEHUMOCTb MOJIETIU Cyliepaniia B HallMOHAJIbHOM KOHTEKCTE.

Opaniy3ckuii keiic Rungis aeMOHCTpupyeT MOAENIb €IWHOTO HH(PACTPYKTYPHOTO
oneparopa (SEMMARIS) ¢ aBagnaTuieTHUM HWHBECTUIIMOHHBIM IUIAHOM ITU(POBU3AINH
00béMoM okoto 1,8 mipa eBpo. COBOKYMHBINA TOBAPOOOOPOT 00BEKTA cocTaBisieT okoio 10
MJIpJT €BpO B TOJ, J0Ji Oe3HAIMYHBIX pacy€ToB mpeBbimaetr 95 %, Ha B2B-mmardopme
rungismarket.com KOHCOJIUIUPOBAH acCCOPTUMEHT 50+ ONMTOBBIX MPOJaBIOB B 120 TOBapHBIX
KaTeTOpHsIX.

IMIUPUYECKOE HCCIeI0BAHUE YYACTHUKOB PhIHKA

AHKETHBIN OINPOC MOATBEPUI BHICOKYIO TOTOBHOCTh apEHATOPOB K TEXHOJOTHUYECKUM
M3MEHEHUSM TIPU HAIMYMU SKOHOMHUYECKHMX CTUMYJOB. KitoueBwie pesynbrarhl: 82,2 %
PECTIOHICHTOB TIPHHUMAIOT MPEUMYIIICCTBEHHO HAJIMYHbBIE cpeAcTBa; 77,8 % TOTOBHI MepeiTn
Ha TIOJIHOCTHIO O€3HAIMYHBIA pacu€T NMpH HAIWYUU MATEPHATBHOTO CTUMYya (CKHAKA TIO0
apeHJIe WIH JOCTYII K HEJOpOTOMY Kpenuty); 73,3 % UCHBITHIBAIOT CHCTEMHYIO MOTPEOHOCTH B
JIOTIOJIHUTEILHOM OOOPOTHOM KamuTajieé He pexke onHoro pasza B kBaprad, 60,0 % rotossl
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IPEIOCTaBUTh OAHKY JAOCTYI K JAHHBIM O TOBapOOOOPOTE B 0OMEH Ha YHPOIIEHHBIN TOCTYII K
KpeauTHOMY TpoayKty. s 35,6 % onpoIneHHbIX Tepexo/] Ha IUPPOBOIl yUET aCCOIMUPYETCs
C pUCKaM{ HAJIOTOBOTO XapaKTepa, YTO OMpeAelsieT HeoOXOAWMOCTh LeJeHANpaBICHHON
paboThI O YHPABICHUIO U3MEHEHHUSIMHU.

Cepusi TIIyOMHHBIX MHTEPBBIO PACKpbLla MOTHBAI[MOHHBIE OCHOBAHMS BBISBICHHBIX
3aKkoHOMepHocTel. [IpeacraBurens agMUHUCTPALMN PhIHKA MOATBEPAUI MHBECTULIMH OKOJIO
600 MJIH TeHre B TMEPBUYHYIO MOJIEPHUBALMIO HHPPACTPYKTYpbl CO CTOPOHBI HOBOW
ynpasisitonieit komnanuu «Big City Markety (3amyck odunmansHoro caifra altynordaresmi.kz,
aBTOMAaTH3WpOBaHHAs omata Bbe3aa 1o QR-xoxy, pasmemenne POS-tepMuHanoB B
naBUJIbOHAX, pa3BEpThHIBaHKE 0K010 300 Kamep BuacoHa0moaeHus). [IpeacTaBuTenu onToBOro
apeHnaropa, (hepMepcKoro Xo3sicTBa W OaHKa-MApTHEpPA yKa3add Ha OTCYTCTBUE E€AMHOU
MH(PpACTPYKTYphI HA YPOBHE BCETO OOBEKTA KaK KIIIOUEBOM Oapbep MJisi MHTErpauu uGpoBbIX
PELIECHUN.

HeaeBass momeab «Altyn Orda Digital Hub» u omeHka 3KOHOMHYECKOH
3¢ deKTUBHOCTH

Ha ocHoBe pe3ynbTaToB IMArHOCTUKKA U O€HUMapKHUHra pa3zpaboTaHa LiejeBas MOJEIb
«Altyn Orda Digital Hub» (TO-BE), apxurekTypa KOTOpoi OCTpO€Ha Ha MATH MPUHIIMIIAX:
enrHas HUHQPPACTPYKTypHas IuIaTPopMa, OTKPHITOCTh K MHOXXECTBEHHBIM (DMHAHCOBBIM
napTHépaM, MOAYJIBHOCTb, PAaBHOBECHOCTb PACIpPEACICHUS LEHHOCTH, pEryJIsiTOpHas
BCTPOECHHOCTh. (CTpaTermuyecKuM SIAPOM MOJIENN SIBJISIETCS WHTETPUPOBAHHBIA IMAKET U3
yeTblpéXx FinTech-uncrpymenToB: eamHoro muiaré&xHoro xaba Ha 0aze QR-skBaiipunra u
SoftPOS, muudpoBoro daxkropunra, aJbTEePHATUBHOTO  KPEIAUTHOTO  CKOpUHTA U
aBToMaTu3upoBaHHoro yuéra soructuku (RFID/pacno3naBanue rocHoMepoB).

Peanuzanus Mmoaenu npeaycMoTpeHa B paMKax ABEHAALATUMECTYHONU JOPOKHON KapThl,
pa3enéHHOM Ha 4YeThIpe MOCJIENOBATENbHBIX H3Tana MPOJOKUTENILHOCTBIO TPU Mecsla
KaXablid. Jlornctuuecknii KOHTYp MOJENM YCHJIEH HMHTETPAlWEd C peaJbHbIM JCKU3HBIM
ApPXUTEKTYPHBIM MPOEKTOM CKJIAJCKOIO0 KOMIUIEKCAa C Kpocc-IOKHHramu B cenie Wpremnu
Kapacaiickoro paiioHa AJiMaTHHCKOM oOJiacTH, 3eMeNbHBIM ydacTok 7 800 M2, momaab
3acTpoiiku 1 658,91 M?, momerienue kpocc-gaoka 1 234 m?).

[IporHo3HbI pacu€T IKOHOMHYECKOW 3(PPEKTUBHOCTH Ha TPEXJIETHEM TOPU3OHTE
MOKAa3bIBAECT, YTO YHUCTHIM KyMYJSTUBHBIA HKOHOMHUYECKUU A(P(DEKT mpoeKkTa MepexouT B
MOJIOKUTENIBHYI0 30HY K Haudany 18-ro mecsina ero peanuzanuu. Yucras npuBeaEHHas
croumocThb (NPV) nipu craBke auckoHTUpoBaHus 15 % cocraBiser nopsaka +275 MIIH TeHTe K
KOHIy TpEeThero rojaa; BHyTpeHHsis HopMma aoxoaHocTH (IRR) — 38-42 % ronoBbix;
nokasartelb penradensbHocTr nHBectunnii (ROI) Ha TpéxneTHem ropuzonte — okoio 118 %.
AHaJIN3 YyBCTBUTEIbHOCTH MOATBEPKAAET SKOHOMUUECKYIO YCTOMUMBOCTD MPOEKTA: 1aKe IPU
OJIHOBPEMEHHOM HACTYIUICHUHM TPEX KIIOYEBBIX HETaTUBHBIX (HaKTOpOB (3aMeIJICHHE
ajanTtanuyu apeHgatopoB Ha 25 %, poct kanuTalbHbIX 3arpaT Ha 20 %, CHUXEHHE
KOMMCCHUOHHBIX J10X0/10B Ha 30 %) NPV ocTaéTcst mOI0KUTEIbHBIM.

Oo0cyxaenne

Pe3ynbrarhl HccieqoBaHusT TMO3BOJISIIOT CHOPMYIUPOBATH YETHIPE YIPABICHUYECKU
3HAYUMBIX BbIBOAA. BO-NEpBBIX, TEXHOJOTHYECKOE MpeoOpa3oBaHHe KPYMHOTO ONTOBO-
PO3HMYHOTO pBIHKA LIEJIECO00pa3HO peaNu30BbIBaTh B paMKax IUIATGOPMEHHON MOAETU
yOpaBJICHHs, B KOTOPOH YIPaBSAIONIas KOMITAHUS BBHITIOJNHSAET POJb omeparopa mudpoBoi
9KOCHCTEMBI, a HE TOJIBKO apeHnoAaress (Qpuandeckoro mnpocrpaHcTa. [lomoOHbI mepexon

204



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

Central Asian
Scientific
Journal

MEHSET CTPYKTYPY MOHETH3aIlUN O0BEKTA, TUBEPCUPHUITUPYET UCTOUYHUKH JOXOJa U CHIDKAET
3aBUCUMOCTH OT KOHBIOHKTYPbI apEHIHBIX CTABOK.

Bo-BTOpBIX, CHOXMUBIIMICA MAaKPOIKOHOMHYECKUHM M TEXHOJIOTUYECKUH KOHTEKCT
Peciy6nmmkn Kazaxcran ocoO€HHO OJarompusaTeH Id IpeajaraéMoi MOJENH: TPU JI0Je
Oe3HanmuuHbIX TaTexel 87,2 % u nomunupoBannn QR-skBalipunra Haj Kitaccuueckum POS-
HKBAMPUHIOM 3a/laya pacHpoCTPaHUTh ATy MOJIENb Ha KPYMHBIA ONTOBO-PO3HUYHBIA OOBEKT
nepecta€T ObITh MUOHEpHOM. TexHonornueckas 0aza yxxke chopMHUpOBaHA, a Ka3axCTaHCKUN
noTpeduTenb 00J1aAaeT BEIPAXKEHHOM M0JIH30BATEIBCKON MPUBBIYKON K MOOUITEHBIM IIIATEKAM.

B-Tpetpux, Haubosee pereBaHTHOM Jyisl YCIOBUM phIHKA «ANTbIH Oppa» sBiseTcs
KOMOHMHAIUS apXUTEKTYPHBIX 00Pa310B: MOJIEIN €IMHOTO HHPPACTPYKTYPHOTO orneparopa (1o
oOpa3iry Rungis), CKBO3HOM CBSI3KM «TOPTOBIIS + TJIATEKHU + KPEAUTHBIN cepBUCH (IO 00pasily
Taobao Villages) u cobctBeHHoro ¢uHTex-koHTypa (o oOpasiy Hepsiburada).
JIOTIOJIHUTENBHBIM KOHTEKCTYaJIbHBIM ITPEUMYIIIECTBOM SIBJISIETCA TO, YTO MOJIENb CyIeparina
y>Ke BepU(PUIIMPOBAaHA HAa Ka3aXCTaHCKOM pblHKe rpymnmnoi Kaspi.kz.

B-uetBEpThIX, KIIOUEBBIM  (PaKTOpoM  ycmexa  TpaHC)OpMalMM — BBICTYMAET
cOajaHCUpOBAaHHASl CTpATETUs YMOPABJICHUS H3MEHEHUSIMU. OMIIMPUUYECKOE HCCIIEOBAHUE
MOATBEPAUIO, UTO OCHOBHBIM MOTHUBATOPOM IE€peXoda apeHIaTOPOB Ha IU(POBHIE CEPBUCHI
ABJISIETCS HE caMa TEXHOJIOTHSI, a CBA3aHHbIE C HE SKOHOMHYECKHE MPEUMYILECTBA — MPEKIE
BCEr0 JIOCTYN K HEIOPOroMy OOOpPOTHOMY KaluTaidy. DTO OMNpENeseT MPUOPUTETHOCTD
HPKOHOMHYECKOM  MOTHBAallUM  YYaCTHUKOB U HEOOXOJUMOCTh  (OpMHUpPOBAHUS
CIIEHMAIM3UPOBAHHOTO KOHCYJIBTAIMOHHOTO LIEHTPA B COCTABE aJMUHHUCTPALINY PBIHKA.

3akioueHue

PazpabGortannas ynpasinenueckass moxaenb «Altyn Orda Digital Hub» ¢opmupyer
IEJTOCTHBIM yIpaBJIEHYECKUN OTBET HAa CTPYKTYpHBIE Oaphepbl IU(poBON TpaHchopMaluu
KPYIIHBIX  ONTOBO-PO3HUYHBIX PBIHKOB B  YCIOBHUSIX  Pa3BUBAIOLICHUCS  DKOHOMUKH.
NHuterpupoBaHHas KOHIENTyalbHas paMKa, OOBEAMHSIONIAsI TEOpHUI0 IIaT(HOPMEHHOM
SKOHOMMKHU, TEOPHUI0 OU3HEC-DKOCHUCTeM U MpukiaaHyr Tteoputo FinTech, obecneunBaer
TEOPETUYECKOE OCHOBAHUE MOJIEIH; PE3yJIbTaThl OEHUMAPKUHTA TPEX MEXKTYHAPOAHBIX KEMCOB
U HDMIIUPUYECKOTO HcciefoBaHus 45 apeHaatopoB (HOPMUPYIOT J0Ka3aTelbHYI0 0azy e€
MPUMEHUMOCTH B HAlIUOHAJILHOM KOHTEKCTE.

[IporHo3HbIit pacuéT 3KOHOMHYECKOW 3((PEKTUBHOCTU TOATBEPKIAACT (PUHAHCOBYIO
YCTOMYMBOCTh TMPOEKTa: MpuU 00bEME HMHBECTHIMH 250 MIIH TEHre B TNEPBOM TOJY CPOK
OKYIIaeMOCTH COCTaBIIIeT 0KoJo 18 mecsiieB, NPV — nopsiaka +275 mun Tenre, IRR — 3842
% ronoBbix. COBOKYMHBINA 3P HEKT BHEIPSHUS MOJEIN OXBATHIBACT TPH KIIOUEBBIC TPYIIIHI
CTEUKXOJIJICPOB: IS YIPABJSIONICH KOMIAHUU — POCT U JUBEPCUDUKAIUIO JOXOMOB, IS
apEeH/IaTOPOB M OMNTOBBIX TMOCTABIIUKOB — JOCTYIl K HEIOPOroMYy OOOPOTHOMY KalHTaly U
JUKBUJAIUIO KACCOBBIX Pa3pbIBOB, VISl TOCYAapCTBA — CHUXKEHUE JIOJIM TEHEBOTO 000poTa U
POCT HAJIOTOBBIX MOCTYILICHUH.

IlepcriekTBBI JATbHEMIIETO WCCASAOBAHUS CBSA3aHbI C Ppa3pabOTKON METOIUKH
KOJIMYECTBEHHOM OIIEHKH COLMATBHOTO A(deKTa MpoeKTa, pacIIMpeHuEeM MOJICIN Ha JIpyTHE
KpyIHbIe TOproBeie 00beKThl Pecnybnmuku Kazaxctan W uwHTErpamueil ¢ peruoHabHBIMU
MIATEXHBIMU U JIOTUCTUYECKUMU SKOCUCTEMAaMH B KOHTEKCTE €BPa3HICKOT0 YIKOHOMUYECKOTO
COTPY/IHUYECTBA.
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IMPACT OF INFLATION ON SMALL AND MEDIUM ENTERPRISES/HOW
INFLATION AFFECTS SMALL AND MEDIUM ENTERPRISES’ RESILIENCE AND
STABILITY?

Abstract:Inflation serves as a major economics issue, that significantly impact small and
medium enterprises, employment rates and market stability. This study investigates how
inflation affects SMEs’ resilience and stability in Kazakhstan. This research consists of primary
data( survey, interviews and case studies) and secondary data from sources such as National
Bank of Kazakhstan, Bureau of National Statistics. The results show that SMEs are getting
pressed by inflation and in result, suffer from rising operational costs and reduced consumers’
buying power. Although many businesses demonstrate adaptability through pricing adjustments
and cost-control strategies, these responses do not always fully offset declining profitability.
This study suggests that implication of such practical measures like financial planning,
governmental support and access to affordable financing may significantly strengthen overall
resilience and stability of SMEs. This research aims to find an answers to broad macroeconomic
challenge from local businesses’ responses.

Key words: Inflation, Small and Medium enterprises, business, enterpreneurship,
purchasing power, economic uncertainity, business resilience, business stability, financial
planning.

INTRODUCTION

While official economic indicators may present moderate inflation figures, many small
and medium-sized enterprises experience much stronger pressure in their daily operations.
Business survival mainly depends on supplier prices, increasing rent, wages and consumers’
buying powerv — so even a small shift in any of thta attributes will create massively serious
challeges for enterprises. This contrast highlights the importance of examining inflation not only
as a macroeconomic statistic, but also as a real business experience.

Inflation is destructive for business activity and market confidence. The World Bank
states that limited access to finance combined with inflationary pressure remains one of the key
barriers to SME growth [11]. Rising costs are reducing profits, while uncertainty is holding back
investment and growth. Moreover, the decline in electricity purchases weakens household
demand, which directly affects small and medium enterprises that depend on domestic
consumers.

This situation can be clearly seen in Kazakhstan, as SMEs play a crucial role here. They
are affecting the employement creation, tax revenue and regional development. However, rising
prices of goods, logistics, services, and public utilities put additional pressure on company
owners. Although major corporations are affected, small and medium-sized companies often
have fewer reserves and less capacity to manage customer complaints.

208



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

The objective of this study is to examine how inflation in Kazakhstan affects local
businessses’ resilience and stability and what practical measures they can implement in order to
avoid it. To achieve this aim, study examines the major cost pressures faced by SMEs, changes
in consumer demand, current adaptation strategies, and the role of financial or government
support.

The central question of this study is : How Inflation affects Small and Medium
Enetrprises’ Resilience and Stability?

The hypothesis of this research is that if SMEs apply effective financial planning,
adaptive pricing strategies, and receive targeted institutional support, they can significantly
reduce the negative impact of inflation and improve long-term sustainability.

The object of this research is small and medium enterprises and local business that are
operating in Kazakhstan within changing economic conditions. The subject of the research is
the relationship between inflation, business performance, resilience, and operational stability.

The scientific novelty of this study lies in connecting micro and macroeconomics data
with the real situations SME owners have to face. This research connects surveys, interviews,
and case study for more practical understanding of inflation at business level, while previous
studies mainly were focusing on national indicators.

This research may be useful for policymakers designing SME support programs, for
enterpreneurs seeking strategies to regulate inflation and for society in understanding how
economic instabillity contributes to the national backbone of national economy.

LITERATURE REVIEW

In recent times there has been growing attention on the economic factors affecting small
and medium enterprises (SMEs) as a result of increasing inflation, worldwide instability, and
changing policy measures. SMEs are broadly acknowledged as drivers of job creation and
economic expansion, though experts and organizations question their capacity to endure
extended periods of price volatility. The World Bank states that restricted access to finance,
along with inflationary pressures, continues to be one of the main obstacles to the growth of
SMEs globally [11]. Media outlets likewise portray inflation as an issue that limits both
consumer spending and business viability [5]. Meanwhile, local statistics indicate that the
effects of inflation on SMEs vary depending on state assistance, market composition, and access
to financial resources, highlighting the need for a more nuanced assessment.

Multiple studies highlight the resilience of SMEs in the face of economic challenges. The
European Commission reports that SMEs across the European Union sustained job growth
during periods of significant inflation, demonstrating their structural adaptability and continued
importance to the labor market [2]. Similarly, the European Investment Fund notes that public
financial instruments reduce credit constraints and enhance SMEs’ access to capital, particularly
in times of instability [8].

Comparable trends appear in Kazakhstan. According to the Government of Kazakhstan,
recent updates to business support policies aim to strengthen SMEs and ease financial burdens
[12]. Likewise, the Bureau of National Statistics of Kazakhstan reports an increase in the
number of registered SMEs, emphasizing their growing role in the national economy [4]. These
findings collectively suggest that targeted government action can partially mitigate inflation-
related risks and sustain SME operations.

Conversely, other sources emphasize the limitations imposed on SMEs by inflation.
According to the National Bank of Kazakhstan, persistent inflation reduces purchasing power
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while simultaneously driving up production and operating costs [3]. The Bureau of National
Statistics of Kazakhstan confirms that rising prices for goods and services place additional
pressure on businesses, particularly those with limited capacity to adjust their own prices [10].

News reports reflect these concerns. Tengrinews notes that rising inflation in Kazakhstan
has weakened consumer demand, directly reducing SME revenues [6]. Similarly, LSM.kz
reports that real household incomes have not kept pace with inflation, decreasing overall
spending power [7]. On a global scale, the U.S. Chamber of Commerce observes declining
business-owner confidence, attributing it to inflation, labor shortages, and price volatility [1].
Together, these findings indicate that inflation can negatively affect SME profitability when not
sufficiently counterbalanced by policy interventions.

Overall, the literature presents a multifaceted view of SME performance in inflationary
environments. While SMEs continue to contribute to employment and economic activity,
inflation introduces challenges related to rising expenses, weakened consumer demand, and
constrained investment capacity. Current research suggests that inflation is neither entirely
harmful nor simple to manage; its effects depend on access to financing, consumer purchasing
power, and the quality of state support. Rather than portraying SMEs as uniformly resilient or
vulnerable, studies emphasize a conditional relationship shaped by economic policy and
financial structures. Therefore, future research should focus on evaluating the long-term
effectiveness of support mechanisms and balancing market pressures with government
intervention.

METHODS

To answer the research questions, three research methods were used: a survey, interviews,
and a case study. These methods were selected in order to collect both quantitative and
qualitative data about how inflation affects small and medium enterprises (SMEs) in Kazakhstan
and how these businesses maintain resilience and stability.

The survey method was used to collect numerical data from SME representatives. It
allowed information to be gathered about rising operational costs, pricing adjustments, revenue
changes, and financial challenges during inflation. This method provided measurable data on
common problems faced by businesses.

The interview method was used to obtain detailed personal experiences from business
owners. Through interviews, coping strategies, decision-making processes, and financial
difficulties during inflation were explored.

The case study method was used to analyze inflation in a real business environment. A
supermarket was selected to examine how inflation affects supply chains, pricing strategies,
customer demand, and operational stability.

Survey participants included owners, managers, and employees of medium enterprises in
Kazakhstan. Only individuals involved in business decision-making were included to ensure
reliable and relevant data.

Two interviews were conducted:

* Aimanov Kairat — former owner of NomadXI store, which closed due to rising product
prices caused by inflation.

* Imangalieva Kunsulu — owner of Masterlux Beauty Salon, who regularly adjusts service
prices due to increasing costs of beauty products.

The case study focused on Esakhmet Supermarket, operating in Kazakhstan, where
frequent price adjustments occur due to inflation.
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Before data collection, permission was obtained from all participants. The purpose of the
research was clearly explained, and participants were informed that their responses would be
used only for academic purposes. Participation was voluntary. Participants were informed of
their right to withdraw at any time. Confidentiality was respected where requested, and no
sensitive financial information was published without approval. Ethical academic standards
were followed throughout the research process.

Google Forms was used to design and distribute the survey, which received 75 responses.
Responses were automatically collected and organized digitally.

Interviews were recorded using a voice recorder, and written notes were taken to ensure
accuracy. Messaging applications were used to arrange meetings.

For the case study, observation notes, pricing comparisons, publicly available economic
data, and interview insights were analyzed to understand operational changes caused by
inflation.

The survey was conducted online using Google Forms to allow flexibility for business
participants.

Interviews were conducted either online or face-to-face in quiet settings to ensure detailed
responses.

The case study was conducted in a supermarket environment in Kazakhstan to observe
pricing adjustments and supply management strategies in real conditions.

Interview 1

* Participant: Aimanov Kairat

* Former Owner of NomadXI Store

Introduction: Good afternoon. My name is Ansar. I am conducting research on how
inflation affects small and medium enterprises in Kazakhstan. I would like to ask you several
questions about your experience. Your answers will be used only for academic purposes.

* Question 1: How did inflation affect your business?

» Answer: Inflation seriously affected my store. Supplier prices increased every month,
and I could not maintain stable prices for customers.

* Question 2: What was the biggest challenge?

« Answer: The biggest problem was unpredictability. I never knew how much the next
delivery would cost, which made planning impossible.

* Question 3: Did you increase prices?

* Answer: Yes, but each increase reduced customer demand. Some customers stopped
coming completely.

* Question 4: Why was the business closed?

» Answer: Expenses became higher than revenue. Rent, utilities, and product costs kept
rising while sales declined.

* Question 5: What do SMEs need to survive inflation?

* Answer: Financial reserves are essential. Without savings or possible government
support, survival becomes very difficult.

Interview 2

* Participant: Imangalieva Kunsulu

* Owner of Masterlux Beauty Salon
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Introduction: Good afternoon. My name is Kali Ansar. I am researching how inflation
impacts small and medium businesses in Kazakhstan. I would like to ask about your experience
managing a beauty salon during inflation.

* Question 1: How does inflation affect your salon?

* Answer: Product prices such as shampoos and cosmetics increase regularly, which
directly raises my operating costs.

* Question 2: How do you manage rising costs?

* Answer: I sometimes purchase products in bulk, but eventually service prices must be
increased.

* Question 3: How do clients react?

» Answer: Some understand the situation, but others visit less often or choose cheaper
services.

* Question 4: Has your profit changed?

» Answer: Profit margins have decreased because not all cost increases can be transferred
to clients.

* Question 5: What helps your business remain stable?

* Answer: Customer loyalty and service quality are very important. Strong relationships
help retain clients despite higher prices.

Case Study: Esakhmet Supermarket

The case study focused on Esakhmet Supermarket in Kazakhstan.

It was observed that product prices are adjusted frequently due to supplier price increases.
Imported goods are more affected by inflation than locally produced items.

Several strategies have been implemented:

* Gradual price adjustments

* Increased cooperation with local suppliers

* Promotion of discounted essential goods

Changes in customer behavior were observed. Consumers increasingly prioritize essential
goods over luxury products.

It was concluded that although inflation creates operational pressure, larger SMEs such
as supermarkets demonstrate greater resilience due to diversified suppliers and higher sales
volume.

RESULTS

The results of this research were obtained by combining three research methods: a survey,
two interviews with business owners, and a case study of a supermarket operating in
Kazakhstan. The purpose of combining these methods was to obtain both quantitative and
qualitative data in order to understand how inflation affects small and medium enterprises
(SMEs) and financial decision-making. The survey provided numerical data about public
perceptions of inflation and its influence on daily expenses and business activity. Interviews
with business owners helped identify real operational challenges faced by SMEs during
inflation. Finally, the case study allowed the research to observe how inflation influences pricing
strategies and business operations in a real business environment.

Survey Results

The survey collected responses from more than fifty participants. The demographic
results showed that the largest group of respondents were individuals under 18 years old
(35.8%), followed by participants aged 18-25 (26.4%). Smaller proportions included

212



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

Central Asian
Scientific
Journal

individuals aged 2640 (13.2%), 41-65 (13.2%), and over 65 years old (11.3%). In terms of
gender distribution, 54.9% of respondents were male and 45.1% were female.

@ Under 18

® 1825

@ 26-40
B

@ 65+

Figure 1. Demographic Results

1. What is your age?

60 oTBeTOB

2. What is your gender?

58 oTBeTOB

@ Male
® Female

Figure 2. Gender Distribution
Regarding employment status, 41.5% of respondents identified themselves as students,
22.6% were employees, 20.8% were self-employed, and 15.1% were business owners. This
distribution allowed the research to capture perspectives from individuals with different
economic roles.

3. What is your current status?
60 oTBETOB

@ Student

«t @ Employee
) g @ Self-employed
\ @ Business owner

Figure 3. Employment Status
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Participants were also asked how strongly inflation affected their daily expenses. The
results showed that inflation significantly influences personal financial behavior.
Approximately 39.6% of respondents reported that inflation affects their expenses very strongly.
In addition, 20.8% reported strong effects and another 20.8% reported moderate effects. Only
11.3% reported slight influence and 7.5% stated that inflation had no impact on their daily
spending.

4. How strongly has inflation affected your daily expenses?
60 oTBETOB

@ Very strongly
@ Strongly
Moderately

bA o e
4

Figure 4. Inflations’ Effect
The survey also explored attitudes toward small and medium enterprises. The results
indicated that 52.8% of respondents believe SMEs play an important role in society and the
economy. However, 20.8% disagreed and 26.4% were uncertain.

5. Do you think small and medium enterprises important for society?
60 oTBETOB

® Yes
® No

Not sure

Figure 5. Importance of SMEs in Society
Another question asked whether businesses require government support during periods
of high inflation. The majority of respondents (57.7%) agreed that government assistance is
necessary to help businesses survive economic instability. Meanwhile, 17.3% disagreed and
25% were unsure.
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6. Do businesses need support from the government during periods of high inflation?
59 oTBeTOB

® Yes
® No

Not sure

Figure 6. Government’s Intervention
Finally, participants were asked whether small businesses should adopt financial planning
tools during inflation. A strong majority of respondents (64.7%) supported the adoption of new
financial planning strategies to help businesses manage rising costs and economic uncertainty.
Only 15.7% disagreed while 19.6% were uncertain.

7. Do you think small businesses should adopt new financial planning tools during inflation?
58 oTBeTOB

® Yes
® No

Not sure

Figure 7. Adaption to New Financial Planning Tools

Interview Results

The interviews provided deeper insight into the experiences of business owners dealing
with inflation. The first interview was conducted with Aimanov Kairat, the former owner of
NomadXI store. He explained that inflation caused continuous increases in supplier prices,
which made it impossible to maintain stable product pricing. As costs continued to increase,
customer demand decreased. Eventually, operational expenses exceeded revenue, forcing the
business to close.

The second interview was conducted with Imangalieva Kunsulu, the owner of Masterlux
Beauty Salon. According to the interview, inflation increased the cost of professional cosmetics
and hair products used in the salon. To manage these rising costs, the business owner
occasionally purchased supplies in bulk and gradually increased service prices. However, profit
margins still decreased because not all cost increases could be transferred to customers. Both
interviews demonstrate that inflation creates financial pressure on SMEs, particularly through
increased supply costs and unstable demand.
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Case Study Results

The case study focused on Esakhmet Supermarket. Observations showed that inflation
significantly influenced product pricing and supply management. The supermarket frequently
adjusted prices due to increases in supplier costs, particularly for imported goods.

Several adaptation strategies were observed. These included gradual price adjustments,
cooperation with local suppliers to reduce dependence on imports, and promotional discounts
for essential goods. In addition, changes in consumer behavior were noticed. Customers
increasingly prioritized essential goods such as food products while reducing purchases of
non-essential items.

Overall, the case study indicates that larger SMEs such as supermarkets demonstrate
greater resilience during inflation because they have diversified suppliers, higher sales volumes,
and more flexible pricing strategies.

DISCUSSION

This study helps to understand how inflation affect small and medium enterprises’
resilience and stability, where resilience is understood by ability of adapting for changing
economics factors. Findings show that inflation has a enormous and complex effect on business’
overall situation, significantly affecting on its demand, costs, pricing.

This results show that SME’s stabillty may weaken by inflation, because it is affecting on
operational costs, logistics and it also decreasing consumer’s purchasing power. As observed in
both case study and survey, consumers decide to prioritize on essential goods and purchase less
non-essential things. Rising prices created a shift in behaviour of consumers, suggesting that
SMEs, particularly those operating in discretionary sectors, experience less revenue in
inflationary periods. This findings are correspondent and consistent with existing literature,
which underscores that inflation erodes income and deteriorate consumers’ demand.

In addition, results suggest that rising scores represent a major constraint on small and
medium enterprises. Interviews taken from SMEs’ owners show that supplier prices massively
rise during inflation, putting additional pressure on businesses to adjust their prices and pricing
strategies. But, SMEs may not be able to pass these increased costs on consumers without losing
demand. This reflects the dynamics of cost-push inflation, where higher production and
operational expenses reduce revenue and make financial management harder. As a result,
businesses face both decline in consumers’ demand and profitability of business.

Another important aspect is that inflation bring uncertainity with itself, which negstively
affect SME’s resilience. Effectiveness of long-term planning get significantly shaped and
shifted by inability to predict future costs. Instead, businesses may rely on short-term decision
making which may reduce efficiency and increase financial risk. Given results align with
previous research, offering that economics instability and uncertainity discourages investment,
strategic and financial planning, particularly for smaller businesses with limited finances.

Despite these obstacles, findings suggest that SMEs show a certain level of resilience
through adaptive strategies. Adjusting prices gradually, purchase goods in bulk or shift to other
more profitable supplies — all that shows that SMEs can react to changes and somehow manage
costs. All that shows that SMEs are capable of adapting to economics instability and changes,
underlining and supporting definition of resilience used in this study. Also, this is consistent
with literature that underscores the flexibility of small and medium enterprises compared to
large firms. But, results suggest that such strategies may only partially mitigate the effects of
inflation, as a considerable number of businesses continue to experience reduced profit margins.
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Also, resilience and stability are not evenly distributed across SMEs, which is shown in
this study. More established and experienced larger business appear to be more capable of
adapting of inflation due to greater access to financial opportunities. For example, smaller
businesses with stricted financial opportunities may be more sensibile and vulnerable to
economics shocks, ups and downs. This observation supports existing research highlighting that
access to finance and institutional support programs plays essential role in determining SMEs
performance during periods of economics instabllity.

These findings have several important implications. First of all, SMEs may benefit from
improved financial planning and cost management strategies to be aware of inflationary
pressures. Second of all, adaptability is key factor in maintaining operations, because businesses
that can answer immediately to changing conditions have higher ‘survival’ rate. Third of all,
findings prove that government policies and financial support programs can be crucial in
stabilizing SMEs and reducing negative impact of inflation.

Despite that, such limitations like survey size and etc. have to be considered, because they
are deteriorating quality of research and authencity of findings. Survey sample size may not
fully represent the broader population, which is also limits generalizibillity of research. Also,
qualitative data collected is based on small number of interviews(n=2), which not capture a
diversity of different types of SMEs, which makes findings not applicable for some businesses.
Case study which focuses on single business may not reflect wider industry trends.

Future research could expand this study by adding more interview with the owners of
different types of SMEs because inflation affects differently on businesses. By including larger
and more diverse sample of SMEs across multiple industries and regions. Quantative financial
data could be used to provide more precise insights of how inflation affects stability and
profitability.

CONCLUSION AND FURTHER RESEARCH

The findings of this study demonstrate that inflation have a significant impact on both
resilience and stability of SMEs. By combining survey data , interviews and case study, this
research show how inflation affects business overall performance.

The results suggest that inflation reduces SME’s stability by rising operational costs while
weakening consumer’s demand. Its putting business in challenging environment, where
business must operate, and in result leading to low revenues and reduced profitabilllity. At the
same time, inflation brings uncertainity which is limiting the ability of SMEs to engage in
effective long-term planning.

Overall, this study suggests that inflation creates a complex and challenging context for
SMEs, affecting both their ability to remain stable and to adapt to changing conditions. While
some businesses demonstrate resilience, many remain vulnerable due to rising costs, reduced
demand, and economic uncertainty. Therefore, addressing the impact of inflation on SMEs is
essential for supporting economic stability and ensuring sustainable business development in
the long term.
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TPAHC®OPMAIINS MAPKETUHTOBBIX CTPATETHWIA B DJJEKTPOHHOM
KOMMEPIINY KA3AXCTAHA: TIOBEJIEHYECKHWII ACIIEKT 1
YKOCUCTEMHBIN MOJIXO0/

AnHoTanusi: B crathe ucciemyerca tpaHchopmanusi MAPKETHHIOBBIX CTpaTEruil Ha
PBIHKE 3JIEKTPOHHOU KoMMepuuu PecniyOnuku KazaxcraH B yCJIOBUSIX €r0 aKTUBHOTO Pa3BUTHS
U TOBBIIEHUA YpOBHS HUppoBor 3penoct. [lokazaHo, yto mo Mepe (OpPMHUPOBAHUSA
YCTOMUYMBBIX MOJENEH OHJIANH-NOTPEONICHHS] TPaJAULMOHHBIE MOAXOAbl, OPHUEHTHUPOBAHHbIE
IIPEUMYILIECTBEHHO Ha IPUBJICYEHUE HOBBIX IIOKYIATEIEH, MOCTENEHHO YCTYMAKT MECTO
cTparerusimM yaepxanus kieHToB (Customer Retention). Ha ocHOBe aHaii3a cTaTUCTHUECKUX
naHHbIX Bropo HanmoHanbHOM cratuctuku Pecriyonuku Kazaxcran n aHaIUTHYECKUX OTYETOB
PwC Kazakhstan paccmMoTpeHbl M3MEHEHHUS B MOTPEOUTETHCKOM IOBEACHUM, B YACTHOCTHU
CHIDKCHHE CpETHEro ueka, OOYCIIOBIEHHOE pacHpOCTPAHEHUEM TMPAKTUKH PEryJSIPHBIX
OHJIAaTH-TIOKYIIOK TOBAapOB MOBCEIHEBHOTo cmpoca. Ocoboe BHUMaHHME YAENIEHO BIHUSHUIO
HAI[MOHAJbHBIX  (PUHTEX-DKOCHCTEM, a TaKXKe KyJIbTYPHO-S3bIKOBBIX (DaKTOPOB Ha
(dbopMHpOBaHUE JIOSUIBHOCTU MOTPEOUTENEH U MOBBIIICHUE MOKU3HEHHON LEHHOCTH KJIMEHTa
(Lifetime Value, LTV). Cnenan BbIBOA O TOM, YTO YCTOMYMBOE pa3BUTHE NPEANPUATUN
AIEKTPOHHON KOMMEPLHH CBS3aHO C MEPEXOAOM OT MOEIHM PA30BBIX MPOJAK K IMTOCTPOCHUIO
JOJITOCPOYHBIX OTHOIIEHHUH C MOTPEOUTESIMHU.

KiroueBble cjoBa: 53JEKTpOHHAsT KOMMEpLUsS, MOTPEOUTENbCKOE TIOBEJICHUE,
IpOrpamMMbl  JIOSJIBHOCTH, YIEPKAaHHE KIMEHTOB, (DUHTEX-DKOCUCTEMBI, JIOKAJIU3ALIMS,
MAapKETIUIEUCHI.

CoBpeMeHHBIN dTall pa3BUTHUS DJIEKTPOHHOU KomMmepiuu B PecrmyOmmke Kazaxcran
XapaKkTepu3yeTcsl KauecTBeHHOU TpaHchopmarmeid. M3 kateropuu nHHOBAIMOHHOTO (hopmaTa
COBEpUIEHUS OKYIIOK OHJIAWH-TOPTOBJISI OKOHYATEIBHO MEpPENIa B pa3psii IPUBBIYHON MOAEIIH
MOTPEOUTENHCKOTO TOBECHUS JJisi OOJILITMHCTBA HaceleHus ctpanbl. [lo manaeiM bBropo
HAITMOHAIBHONW CTATUCTUKU ATEHTCTBAa MO CTPATETMUYECKOMY IUTAHHPOBAHUIO U pedopMam
Pecry6muku Kazaxcran, ypoBeHb ITU(GPOBOI BOBICUEHHOCTH HACEICHHSI JOCTUT UCTOPUIECKU
BBICOKOTO YypOBHS: Oonee 96 % TpakgaH SBISIOTCS AKTUBHBIMHU TI0Jb30BATENSIMU CETH
Wutepner [1]. DTo co3mano OnaronpusiTHbIE YCIOBUS s JaJbHEUIIEro pa3BUTHS
DIIEKTPOHHON KOMMEPLIUH.

CornacHo coBMmectHoMy aHanutuueckomy otuetry PwC Kazakhstan u Accormanuu
nudpoBoro Kazaxcrana (DKA), mo utoram 2024 roma o0beM pPO3HUYHON IJIEKTPOHHOM
TOProBJIM B cTpaHe HocTur 3 439 mupna tenre (okoio 7,3 mupa nosmiapoB CIIIA), uto Ha 42 %
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NpEBBIIAECT MOKa3aTeiab mpeabiaymero roga [2]. B mepBom mnonyrommum 2025 ropa
MOJIOKUTENIbHAST JUHAMUKA COXpAaHWIACh: O0O0bEM pBIHKA COCTaBWwiI 1,7 TpJIH TEHTe,
YBEJIUYMBIIKNCH elle Ha 19 % 1o cpaBHEHHIO C aHAJIOIMYHBIM NEPHOIOM MPEABIIYIIETro roja
[3]. Honst 31eKTpOHHON KOMMEPIIMU B 00IIeM 00beMe PO3HUYHOTO TOBApOOOOpOTa JOCTUTIIA
17,1 %, mocTeneHHoO MPUOIMKASACH K CPEAHEMUPOBOMY YPOBHIO, KOTOPHIH olieHnBaetcs B 20,5
% [3].

Bmecrte ¢ TéeM MHTEHCHBHBIN POCT PhIHKA COMPOBOXKIAETCA YCUICHHEM KOHKYPEHTHOMU
cpeasbl. B 3TUX yCIIOBUSX SKCTEHCUBHASI MOJIENIb PA3BUTHS, OCHOBAHHAs IPEUMYIIIECTBEHHO Ha
MOCTOSIHHOM TPUBJICYCHUN HOBOW ayJUTOPUHU, TOCTENEHHO YyTpauyuBaeT 3(PPEKTUBHOCTS.
VYBenuueHue CTOMMOCTU HU(PPOBON PEKIIaMbl M POCT PAcXOA0B Ha MPUBJICUECHUE MTOKyATEIeH
CHIDKAIOT PEHTA0EIbHOCTh MEPBUYHBIX MpOJax. B cBs3u ¢ 3TUM Bce OoJiblliee 3HAYCHHE
MpUOOPETAIOT MAPKETUHTOBBIE CTPATETUM, OPUEHTUPOBAHHBIC HE TOJIBKO Ha IPHUBIICUCHUE
HOBBIX KIHMEHTOB, HO WU Ha HUX YyJepxkaHue, (HOpPMHUPOBAHUE JOSUIBHOCTH W Pa3BUTHE
JIOJITOCPOYHBIX OTHOILIEHUH C MOTPEOUTEIISIMH.

Teopernueckue 0CHOBBI yAep:KaHUsA NOTpedOuTeIel B undpoBoii cpeae

B Hay4HOU nuTepaType SJEKTPOHHBIM MAapKETHHI TPAIWLMOHHO PACCMATPUBAICA C
MO3UIIMN TPAaH3aKIMOHHOTO TOAX0Ja, B paMKax KOTOPOrO OCHOBHBIM pPE3YyJbTaTOM
MapKETUHIOBOM JESITENIbHOCTU cuuTaics (akT coBepieHus Nokynku [4]. OmnHako pa3BUTHE
U(POBOM SKOHOMUKH W M3MEHEHHE MOJENe MOTPEeOUTEIhCKOTO MOBEACHUS 00YCIOBUIH
nepexo K KOHIEMIUA MapKeTUHTa B3aUMOOTHOIICHH, OPUEHTUPOBAHHON Ha (hOpMHUPOBaHUE
JIOJITOCPOYHOTO B3aWMOJICUCTBUSA C KIUEHTOM W YIPABJIECHUE €ro >KU3HEHHBIM IHUKJIOM
(Customer Lifecycle Management).

OnmHuMu U3 KITIOYEBBIX MoKazarenedl d(pPeKTUBHOCTH B paMKaxX JaHHOW KOHIICTIUU
SBJISIIOTCSL  CTOUMOCTh TpuBiieueHus: kiaueHta (Customer Acquisition Cost — CAC) n
NMOKU3HEHHasi 1eHHOCTh kiueHTta (Lifetime Value — LTV). Ilokazatenr CAC oTpaxkaet
COBOKYIIHBbIC 3aTpaThl KOMIIAHUM HAa MapKETUHTOBBICE MEPONPUSTHS, pEKIaMy U
CTUMYJIMPOBAHUE MPOJIAXK, HEOOXOIUMbIC JIJIsi MPUBJICYCHUS HOBOTO KJIMEHTA U COBEPIICHUS
YM TiepBOil MOKyTKH [4]. B cBOrO ouepenp nokazarens LTV xapakrepusyeTr COBOKYITHBINA JOXO/T
WU TpUOBLIb, KOTOPYIO KOMIIAHUS MOJyYaeT OT KIMEHTA 3a BECh MEPUOJ] B3aUMOICHUCTBUS C
HUM [5].

B coBpemeHHOV MapKeTHMHTOBON MPAKTUKE OJHUM W3 OPUEHTUPOB AH(HEKTUBHOCTH
cuntaercs cootHouenne LTV u CAC Ha ypoBHe He HuUkE 3:1, CBUAECTENBCTBYIOIIEE O
CIOCOOHOCTH OM3HECa KOMIIEHCHUPOBAThH 3aTpaThl Ha MPHUBJICUYCHHE KIUEHTOB 3a CYET HX
noarocpouHoi nieHHoctu [5]. Bmecte ¢ tem T. B. Ilankuna, A. ®@. Hukumms u A. B. BoitkoBa
OTMEYAaI0T, YTO CTPEMJICHHE KOMITAHWN K CHIDKEHHUIO 3aTpaT Ha MPUBJICYCHHE KIUEHTOB 0e3
dbopmupoBanus 3PGEKTUBHON CHUCTEMBI UX TMOCIEIYIONIETO yACpKaHUS MPUBOIUT K POCTY
nokasaresisi ortoka (Churn Rate) i CHUKEHHIO JJOJITOCPOYHON yCTOMUMBOCTH OU3Heca [6].

3HaYUTEIbHOE BHHUMaHUE BOIMpocaM (POPMHUPOBAHUS MOTPEOUTEIBCKOU JIOSIBHOCTH
yAeIsieTCs W B OTEUEeCTBEHHBIX HccienoBaHusx. Tak, H. E. ToneybOaeBa oTmedaeT, 4TO
BHEJIPEHHE KOMILJIEKCHBIX MPOTPaMM JIOsIIbHOCTU B HUGpoBbix B2C-cepBucax crnocoOCTByeT
yBenuuenuto nokazatenst LTV va 10-15 % u ogHOBpeMEeHHOMY CHMKEHHUIO Kod(dduimenTa
OTTOKA KJINEHTOB Ha 4—6 NpOLeHTHBIX MYHKTOB [7]. [ToyyeHHbI€ pe3yabTaThl NOATBEPKIAIOT
PKOHOMHUYECKYI0 3(h(EKTUBHOCTh TEpepaclpeieciCcHnsl MAapKETHHTOBBIX PECypcoB  OT
MPEUMYIIECTBEHHOTO MPUBJICUEHUSI HOBBIX KJIIMEHTOB K PA3BUTHUIO MEXAHU3MOB UX YJIEPHKAHUS.

Cnennduka norpedUTEIbCKOr0 MOBEICHUS HA Ka3aXCTAHCKOM PbIHKE e-commerce
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AHanu3 O0COOEHHOCTEW MOTPEOUTENILCKOrO TOBEACHUS HA PBIHKE 3JIEKTPOHHOU
koMmMepiiun PecryOnuku KaszaxcraH mO3BOJISET BBIACTUTH PSI YCTOWYMBBIX TECHJICHIIHM,
OKa3bIBAIOIINX CYHIECTBEHHOE BIUSIHHE HA (POPMUPOBAHUE COBPEMEHHBIX MAPKETHHTOBBIX
CTpaTerui.

1. ®eHOMEH «KMUKPONOKYIOK» M MajieHue cpeaHero yeka. CoriiacHO aHaTUTUYECKUM
matepuanam PwC Kazakhstan, B 2024 rogy Ha pbeIHKE 3JIeKTpOHHOM KomMmepuuu Kazaxcrana
HaOMIoallach pa3HOHAINpaBlIeHHAs JIMHAMHMKAa OCHOBHBIX IMOKazaTteneil. Hecmorps Ha
yBEJIMYCHHE KOJIMYECTBa OHJIaWH-TpaH3akiui Ha 80 % (10 91 MiH omepainuii BO BTOpOM
MOJIYyTOJIUM), CpeaHUN ek cokpatuiicsa Ha 24 % u coctaBun 21,2 teic. Tenre [2]. CHuKeHue
CpPEelHEero ueka OOYCIOBJICHO IOCTENEHHOW WHTErpaleil 3JeKTPOHHOM KOMMEpLUU B
MOBCE/IHEBHYIO JKM3Hb  HacejleHus. OHIAWH-TIOKYNKH  TEepecTald  BOCHPUHUMATHCS
UCKJIIOYUTEILHO KaK Croco0 MpUOOpeTeHUsl JOpPOroCTOAIIUX TOBAapOB M BCE Yallle
UCIIOJIB3YIOTCSL I PETYJSIPHOIO MPUOOpPETEeHUs] MPOAYKUUU MOBCEIHEBHOro crpoca [8].
CyI1ecTBEHHYIO POJIb B 3TOM IPOIIECCE CHITPajo Pa3BUTHUE CETH IYHKTOB BbIJAa4M 3aKa3OB,
obecrnieyuBIiliee yAOOHBIM JOCTYN K TOBapaM MW CHHU3MBIIEE Oapbepbl JJISI COBEPILICHUS
HeOOJBIINX MOKYTIOK. B pe3ynbrare noTpeOuTeny cTajiu yaiie NpuoOpeTaTh TOBapbl KATErOpUid
FMCG (npoaykTsl nUTaHus, ObITOBas XUMHS, KOCMETHKA U JAp.), OAHAKO 00BEM OTACIBHBIX
3aKa30B YMEHbIIMICA [8].

[TonydeHHble TaHHBIE COTJIACYIOTCS CO CTATUCTUKON BIOpO HallMOHAIBHOW CTATHCTUKH
Pecny6mmku Kazaxcran 3a 2024 ron. Cpeanuit yek mpu MOKYTKE TOBAPOB YEPE3 MAPKETILICHCHI
coctaBui 17 572 tenre, Toraa kak npu opOpMIICHUU 3aKa30B Ha COOCTBEHHBIX MHTEPHET-
pecypcax OpeHIOB JaHHBIM TOKazarenb jgoctur 39 179 tenre [9]. Ananmormunas
3aKOHOMEPHOCTH HaOIIOJACTCSl U HAa PBHIHKE YCIYT: CPEIHUN YeK HAa MapKeTIUIeHCcax COCTaBUII
3 274 TeHre, a Ha CHEUUAIM3UPOBAHHBIX HHTEpHET-TUIOMAAKax — 15 243 Ttenre [9]. OTo
MO3BOJIIET CAeNaTh BBIBOJ, YTO MAPKETIUICHCHI MPEUMYIIECTBEHHO MCIOJB3YIOTCS IS
MPUOOPETEHUS] TOBAPOB MOBCEIHEBHOTO CIIpOCa, TOrja Kak (PMpMEHHbIE UHTEPHET-Mara3uHbl
COXPAHSIIOT CBOM TMO3UIIMM B CErMEHTax, MpEeAnojararimux 00Jiee BBHICOKHI YPOBEHb
BOBJICUCHHOCTH MOTPEOUTENS B MPOIecC BIOOpa TOBapa.

2. Posib MapkeTILICHCOB B pa3BUTHH 2JIeKTPOHHOI KomMmepunu Kazaxcrana. OnHoit
U3 KJIFOUEBBIX 0COOCHHOCTEN PhIHKA DJIEKTPOHHOM KoMMepiinK KazaxcraHa siBIsieTCsl BEICOKasI
KOHIICHTpaIus npoaax Ha Mapketiieiicax. CornacHo ganHbiM PwC Kazakhstan, ux mons B
o01eM 00beMe OHJIAH-TIPOAaX B ICHE)KHOM BhIpaskeHuu gocturia 91 %, a B CTpyKType Bcex
coBeplIaeMbIX TpaH3akuuii — 94 % [2]. DTO CBUAETENBCTBYET O TOM, YTO MAPKETILIEHCHI
BBICTYIIAIOT OCHOBHBIMH  KaHaJlaMd  B3aMMOJCHCTBUS MPOJABIOB M  MOKYyIAaTeleH,
KOHIIEHTPUPYS 3HAUUTEITBHYIO YaCTh MOTPEOUTEIIHCKOTO CIpOCa.

Hcnonp3oBaHne  TPaJWIMOHHBIX  KAaHAJIOB  MpHUBJICUYCHHs  Tpaduka, BKIIOUAs
KOHTEKCTHYIO PEKJIaMy B MTOMCKOBBIX CHCTEMaX, MOCTEMEHHO YCTYIMAaeT MECTO HHCTPYMEHTaM
Retail Media, npeanonararonuM pa3MelIEHUE PEKJIAMHBIX MaTepUaoB HEMOCPEICTBEHHO
BHYTPH TOProBBIX IJIaTGOpM Ha 3Tane BbiOopa ToBapa norpedutenem [10]. Kak otmeuaer P.
CassiH, BHYTpPEHHUE PEKJIAMHbIE WHCTPYMEHTHI MapKeTIUICHCOB, BKJIIOYas MPOJABUKEHUE
TOBapPHBIX KapTOouek, 0aHHEPHYIO peKJIaMy U IPUOPUTETHOE pa3MeIlleHUE B TOUCKOBOM BhIaue
m1aTHOPMBI, JIEMOHCTPUPYIOT 00Jie€ BBICOKYIO KOHBEPCHIO IO CPABHEHUIO C BHEHTHUMHU
pPEKIIAMHBIMU KaHaJaMH, MMOCKOJIbKY OpPHUEHTUPOBAHbI HA ayJUTOPUIO, YKE HAXOASIIYIOCA Ha
JTane NpUHATHS pemeHus o nokymnke [10].
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3. KyJbTypHO-13bIKOBO# (PAKTOP KAK ApaiBep JOAILHOCTH. B yCIoBUsAX yCHIICHHs
KOHKYPEHUMU OJIHUM W3 (PAKTOPOB IOBBIMIEHUS MNOTPEOUTENHCKON JIOSIBHOCTH CTAHOBUTCS
JOKaIn3alusa KJIMEHTCKOTO OmbITa. AjanTtanusi HU(QPOBBIX CEPBUCOB C YUETOM S3BIKOBBIX U
KYJbTYPHBIX OCOOCHHOCTEH LEJIEBOM ayJUTOPHUH CIIOCOOCTBYET YKPEIUICHUIO JTOBEpPHUS K
OpeHy 1 GOPMUPOBAHUIO JOJITOCPOUHBIX OTHOIICHUN C MOTPEOUTEIIMHU.

CornacHo pesynbTaTaM wuccienoBanus Yandex Ads, ne menee 15 % wuHTEpHET-
noJsib3oBaTenert Kazaxcrana npeAanoynTaroT nojydarb HHQOpMAIKMIO 0 TOBapax M yciayrax Ha
kazaxckoM s3pike  [11].  IIpoBeneHHBI  aHaNM3  MOKa3bIBa€T, 4YTO  ayAUTOpUS,
B3aMMOJICHCTBYIOIIAsA C JIOKAJIM30BAHHBIM KAa3aXOS3bIYHBIM KOHTEHTOM, XapaKTEpPU3YeTCs
0oJiee BRICOKMM YPOBHEM BOBJICUEHHOCTH M JOBEpHs K OpeHJaMm, YTO MOJOKUTEIbHO BIMSIET
Ha mokazaTenu yaep:kanusi kiaueHToB [11]. Peanuzaums mynetusizeraHoit SEO-cTpaTteruu
MO3BOJISIET KOMIIAHUSAM PACIIMPATH OXBAaT AayJWTOPUM M TOBBILATH A()PEKTUBHOCTH
MIOMCKOBOTO MPOABMKEHUS. B yacTHOCTH, NPOJBHKEHHE IO Ka3aXOA3bIYHBIM 3alpocamM
XapakTepu3yeTcss 001ee HU3KUM YPOBHEM KOHKYPEHLUHU MO CPABHEHMIO C PYCCKOS3BIYHBIM
CErMEHTOM, YTO 00ECIEeUMUBAET JTONOJHUTEIbHBIE BO3MOKHOCTH JJIsl MTOBBIIICHHUS] BUAMMOCTU
OpeHJa B TOMCKOBBIX CUCTEMAX.

4. JKOCUCTEMHBbIH MAPKETUHI U (PMHAHCOBbIEC CTUMYJIbI. OJTHON U3 OTJIMYUTENBHBIX
0COOEHHOCTEH Ka3aXCTaHCKOT'O PhIHKA 3JIEKTPOHHONW KOMMEPLIUU SIBIISIETCS TECHAsI UHTETpalus
TOPrOBBIX IUIAT(HOPM C KPYNHEWIIMMHU (PUHTEX-3KOCUCTEMAMH, BEAYILIUE MO3ULUHU CpeIu
koTopbix 3anumaroT Kaspi.kz u Halyk. B stux ycnoBusix morpebutenbckas JOSIIBHOCTh
(dopMupyeTcss HE TOJBKO IO OTHOUIEHHIO K OTAEIbHOMY IpOJaBlly, HO W K LuppoBoi
IKOCHCTEME, OOBEINHSIOIIEH TUIaTEeKHbIE CEPBUCHI, MAPKETILIEHCHI, PUHAHCOBBIE MTPOIYKTHI U
rocyJIJapCTBEHHbIE YCIyTH [8].

OCHOBHbIE MapKETUHIOBBIE MEXAHHM3MbI yJEepKaHUS KIMEHTOB, HCIOJIb3yEMbIE
KpynHermumu puHTex-3kocucremMamu Kazaxcrana, npencrabiieHbl B Tadbmauue 1.

Tadumnna 1 — MapKeTHHroBbIe MEXaHU3MbI YICPKAHUS KJIMEHTOB B UHTEX-
skocucremax PK [8].

Halyk Bonus.

[Momnep>kka MyJTbTHBATIOTHOCTH.

[TonmHoueHHast uHTerpanus ¢ Apple
Pay u Google Pay.

becmoBnslit nepexon B Halyk
Market u Halyk Travel.

DKocucTema [IpeumyiecTBa 115 yaepKaHus HenocraTtku u 6apbepsl s
(Retention) Bbixoza (Switching Costs)
Kaspi.kz VY no6cTBo Tpanzakuuii yepe3 Kaspi OrpanuyeHue onepanuit
QR. paMKaMM TEHTOBBIX CUETOB.
BoicTpblit oHOOpAMHT (BbIIaUa OTtcyTcTBUE TOAACPKKI
KapThl 32 5 MUHYT). MEXXTYHAPOAHBIX KOIIEIbKOB
Brirognsie 6ecnporieHTHBIE (Apple/Google Pay).
paccpouKH. Komuccun 3a BHemHue
WuTerpanus ¢ rocyciyraMmu BHYTPH | IEPEBO/IBL.
Super-App.
Halyk Pa3BuTas OoHycHas mporpamma Hcropudecku CloXHBIN

unTepdeiic (ucpaBIeHo B
MOCJIETHUX OOHOBIICHHUSX ).
MeHb111ast IOTHOCTH
SMOIMOHAIBHOTO KOHTAKTA C
MOJIb30BaTEIIEM.
OTcyTCcTBHE MHTETPAIHH
rOCy/IapCTBEHHBIX CEPBUCOB.

[IpeacraBnenHsie B TaOnuIE JaHHBIE IMO3BOJISIOT CHAENATh BBIBOJ O pa3IMYUsX B
noaxonax K (opMuUpOBaHHIO MOTPEOUTENHCKOW JIOSUIbHOCTH. JKocucrema Kaspikz
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OPUEHTHPOBaHA NPEMMYILIECTBEHHO Ha CO3JaHUE€ BBICOKOW CTENEHU BOBJIECYEHHOCTU
M0JI30BATEJIEM 3a CUET HMHTErpaluu IUIATEKHBIX CEPBUCOB, TOCYJAPCTBEHHBIX YCIYr H
(UHAHCOBBIX MHCTPYMEHTOB B €IUHYIO HHU(poBYyI0 cpeny. [logoOHas Monenb MOBBIIIAET
U3JIEPKKN TEPEKIIOUEHNs MOTpeOUTeNed Ha albTEPHATUBHBIE CEPBUCHI M CIOCOOCTBYET
JIOJTOCPOYHOMY YAEPKAHUIO KIMEHTOB [8].

B otnmuuue ot Kaspi.kz, skocucrema Halyk nemaer akiieHT Ha pa3BUTHH OTKPBITON
UHOPACTPYKTYPHI U pACIIUPEHUU BO3MOKHOCTEHN NCIOJIb30BaHUsl 00HYCHOM nporpammel Halyk
Bonus. Ilognep:kka MyJIBTHUBAIIOTHBIX OINEpalvid, HHTETpalUs C MEXKIyHAPOIHBIMU
atexxHbiMu cepBucamu Apple Pay u Google Pay, a Takxe B3aumopeiictue ¢ Halyk Market
u Halyk Travel dopmMupyioT AONMOTHUTENbHbIE MpPEUMYIIeCTBA [JIs IOJb30BaTele U
CIOCOOCTBYIOT MOBBIIICHUIO UX JOSIBHOCTH.

CylIeCTBEHHBIM 3JIEMEHTOM COBPEMEHHBIX MApKETHHIOBBIX CTpAaTerdid BBICTYHAET
UCIIOJIb30BAaHUE MHCTPYMEHTOB IMOTPEOUTENHCKOTO KPEAUTOBAHUS M IMPOrpaMM pPaCCPOUKH.
B03MOXXHOCTP TPUOOpPETEHUS TOBApOB B PACCPOUYKY CPOKOM J0 24 MecsueB Mpu
YCTAaHOBJICHHOM KpPEIUTHOM JIMMHUTE 10 6 MJIH TE€Hre CHW)XAeT (PUHAHCOBBIM Oapbep s
MOKYTIATeJIe U CIIOCOOCTBYET YBEIMUYCHHUIO YHCIIA TOBTOPHBIX MOKYIOK, OCOOCHHO B CETMEHTE
JIOPOTOCTOSIIUX TOBAPOB [S].

3akirouenue. IIpoBeeHHOE HMCCIIENOBAHHUE TMO3BOJIIET CHAEJIATh BBIBOJ O TOM, 4YTO
MapKETUHIOBBIE CTPATETUH B 3JIEKTPOHHOM KoMMmepiuu PecriyOnnku Kazaxcran MeHsitoTes noa
BIMSIHUEM LU(POBU3AIMN SKOHOMUKH, TpaHChHOpMalUKU MHOTPEOUTENHCKOTO MOBENEHUS U
YCWJICHHMSI KOHKYPEHLUHH. POCT 1O 3JIEKTPOHHOM TOPrOBIM B CTPYKTYpE PO3HHYHOTO
TOBapooOOpOTa  CONPOBOXKIAETCS  MEPEeXOAOM  OT  MOJEIH,  OPUEHTHUPOBAHHOM
[IPEUMYILECTBEHHO Ha TPUBJICYEHNE HOBBIX IOKYNATENIEH, K CTPATErUsIM yIep>KaHHs KIIMEHTOB
1 (OPMHUPOBAHUSA TOJITOCPOYHON MOTPEOUTENBCKOM JIOSTBHOCTH.

AHanu3 CTaTUCTUYECKUX JIAHHBIX I[IOKa3all, 4YTO CHI)KEHHE CpEJIHEero ueka IMpu
OJIHOBPEMEHHOM  YBEJIMYEHUHU KOJUYECTBA OHJIAWH-TIOKYIIOK OTpa)kaeT H3MEHEHUe
NOTPEOUTENBCKON MOJENHU. OJEKTPOHHAs KOMMEPLHS BCE 4Yallle MCHOJb3yeTcs JUid
peryisipHoro npuoOpeTeHusi TOBapOB MOBCEAHEBHOIO CIPOCA, YTO MOBBIIIAET 3HAYUMOCTH
MOBTOPHBIX MOKYIIOK U y/IepKaHUS KIIMEHTOB.

Pa3zButne osnektpoHHorM komMMepunu B KazaxctaHe BO MHOIOM  OIpEAEnseTcs
pacnpoCTpaHEHUEM MApKETIJICHCOB U (UHTEX-3KOCUCTEM, OOBEAMHSIONIUX TOPTOBBIE,
IUIaTeXHbIE M CEepBUCHBIE (YHKUIMU. B 3TUX yCIOBUSX KOHKYpPEHTHbBIE MPEUMYIIECTBA
KOMIaHu (HOpPMHUPYIOTCS HE TOJBKO 3a CUET IICHOBOW MOJMTUKH, HO U Onaromaps
COBEPIICHCTBOBAHUID  KJIMEHTCKOIO  ONbITA,  PAa3BUTHUIO  MPOTrpaMM  JIOSJIBHOCTH,
NEpPCOHANIM3AIMM  TPEAJIOKEHUH W HCIIOJIIb30BAHUIO  COBPEMEHHBIX  (DMHAHCOBBIX
UHCTPYMEHTOB.

BaxxkHyto ponb i1 Ka3axXxCTAHCKOIO pbIHKA WrpaeT JIoKalu3aus TUu(POBBIX
KOMMYHHUKAIIMI € Yy4YeTOM SI3bIKOBBIX M  KYJbTYPHBIX OCOOCHHOCTEH ayAMTOPHH.
Hcrnonb30BaHME MHOTOSI3bIYHOTO KOHTEHTA CIOCOOCTBYET PACIIUPEHUIO 0XBATA, YKPEILJICHUIO
TOBepHs K OpeH 1y U TOBBIICHUIO 3(PHEKTUBHOCTH B3aUMOACHCTBUS C TOTPEOUTEIISIMHU.

Takum oOpa3zom, yCTOWYMBOE Pa3BUTHE MPEANPUATUNA JIEKTPOHHON KOMMEPIIUHU CBSI3aHO
C MCMOJIb30BAaHUEM UHCTPYMEHTOB YE€P>KaHUsI KIMEHTOB, Pa3BUTHEM SKOCUCTEMHOIO MOAX0Aa
U aJianTanueil MapKeTUHTOBBIX CTPATETHH K M3MEHEHHSIM MOTPEOUTENBCKOTO MTOBEICHHUS.

Cnucok jqurepaTypsbi:

223



«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

1. Kaxmuesa XK. X., Kyantkan b., CanapoBa b. C., Arym0aeBa A. E. Tenaenuuu u
MEPCTIEKTUBBl Pa3BUTHS AJICKTPOHHON Kommepnuu B PecmyOmmke Kaszaxcran // BectHuk
yHuBepcuteta « Typam». —2024. — Ne 2. — C. 214-229.

2. Lim N., Abrossimova V., Kaniyeva N. Retail e-Commerce Market in the Republic
of Kazakhstan: Analysis for 12 Months 0f 2024. — Almaty: Strategy&, PwC Kazakhstan, Digital
Kazakhstan Association, 2025. — 25 p.

3. Lim N., Abrossimova V., Kaniyeva N. Retail e-Commerce Market in the Republic
of Kazakhstan: Analysis for 6 Months of 2025. — Almaty: Strategy&, PwC Kazakhstan, Digital
Kazakhstan Association, 2026. — 24 p.

4. bypyk A. @®. TeHaeHUUH pa3BUTUS DJICKTPOHHOH KOMMEPIIMM U HWHTEPHET-
mapketunra // Uatepakemno I'eo-Cubups. —2019. - T. 5. — C. 183—188.

5. Kulman A. B., Yermekbayeva D. D., Celik S. Impact of Digital E-Commerce
Platforms on Consumer Purchase Behavior: Management Perspectives and Service Perception
// Bulletin of "Turan" University. — 2025. — No 4. — P. 192-204.

6. [Tankmua T. B., Huknmmue A. @., boiikoBa A. B. [lpuBneuenue u ynaepxanue
NOKyTaTesel B AIeKTpOHHOM Toprosie // Poccuiickoe npeanpunumarenbetBo. —2018. —T. 19,
Ne 3. - C. 783-792.

7. Toneybaesa H. E. BiusHue mnporpamm moTpeOUTENbCKOM JIOSIBHOCTH Ha
yaepxkanue kiareHToB U poct LTV B mudposix cepBucax // Bectnuk Hayku. — 2025. — Ne 12
(93). - T.3.-C. 317-325.

8. O6 onekTpoHHOM KoMMepruu B Pecnybmuke Kazaxcran (2024 r1.):
CTaTUCTUYECKUW OroyuiereHb / bBiopo HalMOHanbHOM  CTAaTHUCTUKU  ATEHTCTBA  TIO
CTpaTernyecKkoMy TuiaHupoBaHuto u pehopmam Pecniybnuku Kazaxcran. — Acrana, 2025.

9. Poct mnoTpebiieHHs KOHTEHTa Ha Ka3axCKOM S3bIKE: JKOHOMHUYECKHE U
MapkeTuHTroBBI€ acnekThl // PayGate Kazakhstan. — URL: https://paygate.kz/ (nata oOparenus:
29.06.2026).

10. Casangn P. BiusgHue BHyTpEHHUX U BHEIIHUX MAPKETUHTOBBIX MHCTPYMEHTOB Ha
yIpaBJieHHE NOBEACHUEM MOTpeOuTeneil Ha MapkeTiuieiicax // IlpakTnueckuii MapKeTUHT. —
2025. —Ne 4 (334). — C. 40-45.

11. Buyrtpennue ananutuueckue wmatepuansl / HcecnepoBanne Yandex Ads wu
Clickshunter.kz. — 2025-2026.

224


https://paygate.kz/

«Central Asian Scientific Journal» Ne2 (30), Tom 3, UoHb 2026

KAPATBUIBICTAHY FBUUIBIMJIAPBI - ECTECTBEHHBIE HAYKH — NATURAL
SCIENCES

90K 544.478.1:
Kenec OmMnna CepikKbI3bl

2-Kypc MarucTparypa CTyJIeHTI

XHUMHSUTBIK TTPOIIECTEP KOHE OHEPKACIMTIK AKOJIOTHS Kadeapachl

K.W. CorbaeB aTeinnarbl Kazak YITTHIK TEXHUKAIBIK 3€pTTEY YHUBEPCUTETI
(Anmartsl K., Kazakcran)

APOMATTBI HUTPOKOCBUIBICTAPABI TUIMAI 'NAPJIEYT'E APHAJITAH
AKPUJIAMUI-METAKPHWJI KbIIIKBIJIBI HET'T3IHAEI'T KPUOTI'EJIb-
NUMMOBUWIN3ALIUAJTAHT'AH AJITBIH HAHOKATAJIM3ATOPJIAPBI

Anaarma. byn Makamanga apoMaTrTbl HUTPOKOCBUIBICTAp/Abl CEJIEKTHUBTI THAPIEYTE
apHaJiFaH aKpujaMuJl MEeH MeTakpwil KbIKbUIbl (AAM-MAK) HeriziHjeri MakpoKeyeKTi
KpUOTENBJEPIl  CHUHTE3[ey O KOHE  oJlapra  anTblH  HaHoOemmekTepiH  (AuNPs)
UMMOOWIIM3aIMsIay HOTHXKENepl YChIHBUIFAH. 3epTrey OapbiChlHAa alblHFaH AAM-
MAK/AuNPs  katanuTukaiblK  >kydeci  4-HUTpodEHONABI  aFbIHABL  peakTopiaa
TOTBIKCHI3IAHIBIPY/Ia CHIHAJIBII, KOFapbl KaTaTUTUKAJBIK OCJICEHAUTIK MEH KailTa KoJJaHyFa
TO3IMJILJTIK KOPCETTI. ¥ ChIHBIIFAH KOMIO3UTTIK MaTepuaaap "»Kachbll XuMust" IPUHITUNITEPIHE
cail PKOJIOTHSUIBIK KayiIci3 KaTaiu3aTopiap PETIHAC MePCIeKTUBAIbI OOJIBINT Ta0bLIA b,

Kint ce3aep: Kpuorens, antelH HaHOOOIIIEKTEPl, HUMMOOWIU3AIMS, apOMaTTh
HUTPOKOCHUIBICTAP, 4-HUTPO(DEHO, aFbIH/IBI PEAKTOP, MAKPOKEYEKT1 TaChIMaJIIaFbIIIL.

1. Kipicne

Xom wicTi (apoMarThl) HUTPOKOCBUIBICTAPIbl COMKEC aMHUHAepre ACWiH THapiey
peaKIUsAChl XUMHUS OHEPKICIOIHIET1, OPTraHUKAJIBIK CUHTE3JErl jkoHe (dapMalleBTUKAAaFbl €H
MaHbI3/1bl TIpoLiecTep iy O1p1 60k TadbLIaAs [ 1]. Ty3UIeTiH apoMaTThl aMUHIEP MOTUMEPIIIK
Matepuangap, OOSFbIIITAD KoHE OUOJOTUSUIBIK O€JICeHAl KOCBUIBICTAp OHIIPICIHJC
aJIMaCTHIPHLIMAUTBIH apajiblK OHIMIEP POJIIH aTKapaibl.

JlocTypiii YHTaK TOpi3Jli reTeporeH Il KaTtajau3aTopiiap arperamnusra 0eimM Kelell KoHe
oJIapbl peaklMs asKTajJFfaHHaH KeWlH CYWBIK OpTajaH Oeiin ay KypaAesll TEXHOJIOTHSUIIBIK
MIBIFBIHAAPABl  Taywan eTefl. by MoceneHi MmenryaiH THIMII JKOJJAPBIHBIH Oipi —
HaHoOemmekTepai ymr emmeMal (3D) MakpokeyekTi ToJMMepil MaTpulianapra, SFHH
KpUOTEIbJepre UMMOOMIH3anusiay [2].

Kpuorenbnepaiy Oipereii MakpoOKeyeKTi KYPbUIBIMBI JAU(PGY3USUIBIK MIEKTEeYIepIiH
OOnMayblH, aFbIHIBI KYHelepAe TOMEH THIPABIUKAIBIK KEISPTiHI >KOHE KaTaMTHUKAIIBIK
O€JICeHIl OPTANBIKTAPJBIH KOFaphl KOJDKETIMAUIIIH KamTamachis eredi [3]. Ockiran
OalIaHbICTBI, OYJI KYMBICTBIH MaKcaThl aKpWIaMHUj TEH METAaKpWJI KbIIMIKbUIBI HEri3iHAeT1
KpUOTEIbACPAl CUHTE3/IEy, alThIH HAHOOOJIIEKTEPIH MUMMOOWIM3ALUIIAY KOHE OJIapibIH
MOJIEJIB/IIK peaKIUsIAarbl KaTaJTUTUKAIBIK KACUETTEPIH 3epTTey OOJIbIN TaObLIabl.

2. MarepuaJjaap MeH 3epTTey daicrepi
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Kpuorens cunresi: AAM-MAK kpuoreni 60c paaukaiasl KpUOIOIUMEPIIECHY dJIiCIMEH
cuntesnenai. [Iporecc 6apeicbiaaa 450 mr akprtamun (AAm) 9 mit cyaa epitiiin, orad 343 mr
metakpun KbImKbUTbl (MAK) koceuimel. Topnareimmt  areHT periHge 25 wr N,N'-
metuneHoucakpmtamua (MBA) enrizinmi. Peaknusuibik Kocma 0 °C-Kka AeiiH CaIKbIHIATHUTFaH
coH, ununmupeyu xyie peringe 7 mxia TEME]] sxone 0,83 mu 10% ammonuit nepcynbgaTsl
epiTinaici koceuiael. Kocna -12 °C temnepatypajia KpHOTEpMOCTATTa KaThIPBLIIBI.

HanoOemmekrepai ummobmmm3anusuiay: JKybUIFaH >KOHE KENTIPUITeH KpPUOTENbACD
anThIH HaHoOemekTepiMeH (AuNPS) in situ omici apKbUIbl UMMOOWIM3aUMsUTaHAbl. by yiniH
KpHUOTEh yJIrici HAuCly4 epITIHICIHE OaTBIPBLIBIT, xKyie KOCBIMIIIA
TOTBIKChI3AaHABIPFbIITApCchI3 70 °C TemmnepaTypaja KbI3IbIPbUIIbI.

Mopdomorusieik 3epTreyiiep: Kpuorenbaepain KypblUIbiMbl MeH Mopdosorusce JSM-
6390 LV ckanepiieyii a1eKTpoHABIK MUKpockonusi (COM) KypbUIFBICKIHAA 3€PTTEII.

Karanutukanslk  cbiHakTap:  AunbiHFaH ~ AAM-MAK/AuNPs  kaTanmu3aTOpbIHBIH
OCJICCHAUTITT aFbIHJbI THUITErl peakTopAa ChiHALABL. MoaenpAik peakuus periHae 4-
HuTpodenonas! (4-HP) natpuii 6oprunpual (NaBH,) kaTeicbIHIa TOTBIKCBI3AAHABIPY YAEpPiCl
TaHJaN1bl. Peakiys KUHETHKAChl YIbTPaKYJriH-KepiHeTiH criekrpockonus (UV-Vis) apicimen
OakplIaHBI [4].

3. HoTtmkesiep #xoHe 0J1apAbl TAIKbLIAY

3.1. Kpuoreab MeH KaTaJu3aTOpPAbIH KYPbLIBIMABIK CHIIATTAMAJIAPbI

COM oniciMeH anbiaFaH MUKpodoTorpadusiiapasl Tanaay AAmM-MAK kpuorenbaepinig
JaMbIFaH, e3apa OailJlaHbICKAaH MaKpPOKEYEeKTI apXUTEKTypara e ekeHiH kepcerTi. Keyekrep
MEH apHaJap/bIH eJemaepi OipHele OHIaraHHaH OIpHeIIe )Ky3 MUKpOMETpre JIeHiH e3repe,
OyJ1 KpUOTIOJUMEPJICHY KE31HJerl MYy3 KPUCTAIJAAPbIHBIH IA0JOHIBIK OCEpiH TiKelen
pactaipl.

HAuCly epitinaicinae KbI3AbIpy OapbIChIHIA TYCCI3 KPUOTEIb/IIH KbI3bLI-KOHBIP TYCKE
e3repyl OalKanibl, Oy KOJUIOMJATHIK AlIThIHFA TOH IUIa3MOHABIK >KYTHUTY KYOBUIBICHIHBIH
KaJIbINTacKaHbIH Aanenaeial [S5]. AAM-MAK maTpuiiacblHbIH KypaMbIHIAFbl KAPOOKCHUIT )KOHE
aMujl TOTNTApbl aAThIH HOHIAPBIH TOTHIKCHI3MAHIBIPYFa KOHE TY3UITCH HaHOOOIICKTEp i
arperauusiiaH KoOpFam TypaKTaHablpyra OenceHai Katbicanbl. Keckin tanmaybsl (Imagel)
oemmexTepaiH 50%-naH actambiHblH auamerpi 100 HM-ZIeH Killll €KeHIH KepCeTTi, ojap
MaKpOKEYEeKTi1H KaObIpraiapbiHa O1pKeKi OeKITUIreH.

3.2. KatanuTukaJjablK 0eJICeHAUIIKTI Oaranay

4-autpodeHonabl  TOTHIKChI3AaHABIpY ['abep (Haber) cxemacwl OoiibiHIIA OipHEle
apayiblK Ke3eHICPAl KaMTHTBIH KypJellli MEXaHM3MMEH >KYpe[i, ajaija OHBIH >KaJIlblIaMa
MOHJIBIK TeHJIEY1 KeJeciiell opHeKTene/Ii:

R—NO,+ 6H* +6e” > R— NH, + 2H,0

AFBIH]IBI TANITET] KAaTATUTUKAIIBIK PEAKTOP/1A )KYPri3UIreH TIKIpUOeiep Karaanu3aTopAbiH
YKOFaphI THIMIUTITIH KepceTTi. Peakiius epiTiHAiCci KEYEeKTI MaTpuIla apKbUIbI OTKI31ITCH IIKTEH,
OHIM/I1 KaTaJan3aTop/iaH 0ey Ke3eH1 OaphIHIIa KEHITICTUIII.

Kunetukanslk 3epTTeysiep TOTBIKCHI3JaHy >KbUIIaMIBIFBIHBIH TEMIIepaTypara TiKeleil
Toyenaimirin Oaiikartel. Temmeparypa 25 °C-tan 45 °C-ka neiiiH KOTEPUITCHNE peaKIilus
YakpIThl €9ylp KbICKApAbl, Oy TMpOLECTIH KUHETUKAJBIK YVACYIMEH CHIaTTalabl.
TypakTeutblKThl Oaranay ymiiH xyie 10 Oipi3fgl KaTanUTUKANBIK UK OOMBI CHIHAJIBI.
Hotmxkenep kepceTkeH e, KpUoreabre MMMOOMIH3AIMSIIAHFAH aJThIH HAHOOOIIIEKTEP] KOt
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MOpTE KOJJIaHBUIFAHHAH KeWiH A€ 63 OeICeH I MEH KYPBUTBIM/IBIK TYTACTBHIFBIH KOFAJITHAMN,
KOFapbl KOHBEPCHUs JCHTeiiH caKkTan Kajisl [6].

4. KopbITBIHABI

XKypri3inreH rpUIBIMU-3€PTTEY KYMBICBIHBIH HOTHKECIHE KeNeCiiel KOPBIThIHABLIAP
KacaJlJbl:

1. AxpuiaMuj *&oHe METAaKpUJI KbIIKbLIbI HET131HIErT MaKpOKEYEKTI KpUOTEbAEp AJThIH
HAHOOOJIIIEKTEPIH UMMOOMIM3AIMSIIayFa apHAIFaH TUIMJI TachIMAJJAFbIIl PETIHAEC COTTI
CUHTE3JIeN .

2. KpuorenbaiH  JaMmblfaH  MakpOKEyeKTI  apXUTEKTypachl  MEH  XUMUSJIBIK
(YHKIIMOHANABIFEl ~ QITHIH  HAHOOOJIIEKTEepIH in  Situ  TOTHIKCHI3AAHIBIPYFa  KOHE
TYpaKTaHJbIpYFa KOJIAHIbl OpTa KAJIBIITACTBIPATHIHBI TJICIICH].

3. Ansiaran AAM-MAK/AuNPs xyiieci apoMaTThl HUTPOKOCHUIBICTAP IbI (4-HUTPOGhEHOIT)
arblHAbl THUIITET1 PEAKTOpPJA TOTBIKCHI3IAHIBIPY OApBICBIHIA KOFApPbhl XEMOCEJIEKTUBTLIIK,
OCJICEHATIK )KOHE TYPAKTBIIBIK TAHBITTHI.

4. ¥CBHIHBUIBIN OTBIPFAaH HaHOKATANIM3aTOPJap KAJIBIKCHI3 JKOHE JHEPTUSHBI a3 KaXeT
€TETIH TEXHOJIOTUSIIAp bl AaMbITY 1a, COH/Ial-aK KeIl MOpTe KOJIJIaHyFa jKapam/ibl ©HEPKCINTIK
aFbIH/IbI pEaKTOpJIap bl XKacay/ia 30p IPAKTUKAJIBIK MaHbI3Fa UE.
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