publisher.agency
Switzerland

September, 2026

Zirich, Switzerland

3-4.09.2026

Int.erngtional REViEWS
cientinc of Modern Science

Conference




Proceedings of the 14th International Scientific Conference

ubC001.1
P97

Switzerland, 2026. 184p

ISBN 978-6-8325-2870-7
DOI 10.5281/zenod0.22550400

IS
Publisher.agency: Proceedings of the 14th International Scientific “
Conference «Reviews of Modern Science» (September 3-4, 2026). Zirich, 3%

BN

Favd

86832"52870

Editor: Romane Voegeli Professor, Universitadt Zirich

International Editorial Board:

Amy Hess
Professor, Berner Fachhochschule
Charlotte Gerber

Professor, Ecole Polytechnique Fédérale de
Lausanne

Kaan Studer

Professor, Eidgendssische Technische
Hochschule Zirich

Larissa Michel

Professor, Fachhochschule Nordwestschweiz
Dion Schneider

Professor, Fachhochschule Ostschweiz
Steffen Suter

Professor, Glion Institute of Higher Education
Damien Jost

Professor, Haute Ecole Spécialisée de Suisse
Occidentale

Fabienne Hug
Professor, Hochschule Luzern
Romain Riegg

Professor, Institut de hautes études
internationales et du développement

Jirgen Kohler

Professor, Kalaidos Fachhochschule
Rorane Kohler

Professor, Université de Lausanne
Léa Peter

Professor, Universitat Basel
Martino Peter

Professor, Universitdt Bern

Christel Hunziker

Professor, Universitat Luzern

editor@publisher.agency
https://publisher.agency/



«Reviews of Modern Science» (September 3-4, 2026). Zlrich, Switzerland

Table of Contents

Economic Sciences

SYNERGISTIC EFFECTS OF Al PILOT ZONES AND CLIMATE GOVERNANCE ON URBAN GREEN TRANSFORMATION: EVIDENCE FOR SUSTAINABLE
URBAN DEVELOPMENT ...t h et a bbb b a et en e 5

KANG HUIMING

INFRASTRUCTURE SUPPORT FOR SPATIAL DEVELOPMENT OF RURALAREAS ...ttt ettt 25
TATYANA PUPYSHEVA

NAKIPOVA GULMIRA

PUNTUS YEVGENIYVA

NURAKHMETOVA ASSEMGUL

Philological Sciences

MILLI VO BEYNSLXALQ TAHSIL STANDARTLARININ MUBLLIM HAZIRUGINA TOSIRI ... 32
ROFIYEVA XURAMAN OLI QlZI

THE ROLE OF GLOBALIZATION IN THE FORMATION OF NATIONAL-HISTORICAL CONSCIOUSNESS.......oiiiiiiiiii e 36
AKHMETZHANOVA A.T.

THE TATAR WOMEN'S PROSE AND POETRY N KAZAKHSTAN. ...ttt ettt 40

MASHAKOVA AINUR KASSYMZHANOVNA

Medical Sciences

THE SCIENTIFIC DISCOURSE ON REDEFINING AND ENHANCING HIGHER MEDICAL PHARMACOLOGY EDUCATION FOR MEDICAL DOCTOR (MD)
STUDENTS IN UNIVERSITIES: A COMPREHENSIVE EVIDENCE-BASED CONCEPTUAL FRAMEWORK INTEGRATING PHARMACOLOGY,
PHARMACOTHERAPY AND CLINICAL PHARMACOLOGY THROUGH COMPETENCY-BASED, INNOVATIVE, CLINICALLY RELEVANT AND EVIDENCE-
INFORMED TEACHING AND LEARNING STRATEGIES........ooiiiiiiiiiiii i 44

NODAR SULASHVILI
MARGARITA BEGLARYAN
DIEGO RADA FERNANDEZ DE JAUREGUI
MAKA BULEISHVILI
MARIAM DARBAIDZE
NANA GORGASLIDZE
NATO ALAVIDZE

IRINA IMERLISHVILI
NAIRA CHICHOYAN
MARIKA SULASHVILI
MARINA GIORGOBIANI
ADA (ADEL) TADEVOSYAN
IGOR SENIUK

VIRA KRAVCHENKO
MAGDA DAVITASHVILI
OLGA SHAPOVAL

NATIA KVIZHINADZE
NINO ABULADZE
RAJKARAN SINGH

DAVID APHKHAZAVA

Biological Sciences

KILLIL APA/T TEHIBIHAET KSCITTIK BAMTBIKTAPABIH KASIPTT HAFLAD] ..o s 95
EPMAXAHOBA XK.3.

CAPUEBAAA.

COMPARATIVE TRANSCRIPTOMICS AND METHYLOMICS OF REJUVENATION CAPACITY ACROSS SIXANIMALSPECIES ..o, 101
DAVID APHKHAZAVA

MAIA NOZADZE

M2zIA TSIKLAURI

MANANA MAKHARADZE

MAIA BERODZE

NODAR SULASHVILI

GIORGI MARGVELANI
ANUSHKA ROHIDAS TEMGIRE
ARFAN IMTIAZ ABDUL SAMAD
THARUSHI ANARGALI SILVA
OLUWADAMILOLA PENTHO NUDEGBES!
MUSKAN KHAN

VEDANT ANILKUMAR MALEKAR
AAYUSHI THAKUR

JANHAVI DEEPAK DOSHI

NINO MAZIASHVILI

LOLITA SHENGELIA

GEORGE MAGLAKELIDZE

ILIA ATANELISHVILI

Technical Sciences
ANGULAR OSCILLATORY SINGLE-STROKE ELECTROMAGNETIC VIBRATORY MOTOR WITH A SEMICONDUCTOR ELEMENT ..o, 119

GELA JAVAKHISHVILI
PAATA STURUA




Proceedings of the 14th International Scientific Conference

KYPILL KAYbI3bIHbIH KY/IH BETOH KYPAMBIHAA KO/TOAHY EPEKLLESIIKTERI ... 124

APBICTAHBEK A.B.
YaePsAEB C.C.

Political Studies

FRANCE'S INVESTMENTS IN KAZAKHSTAN AS AN INSTRUMENT OF ECONOMIC DIPLOMAGCY ...ttt 134

KAMILA OMIRBEKKYZY
AIGERIM ZHAKYANOVA

THE ROLE OF ITALY IN INFRASTRUCTURE DEVELOPMENT IN KAZAKHSTAN ...ttt 142

KAMILA OMIRBEKKYZY
AIGERIM ZHAKYANOVA

Historical Sciences

THE HISTORICAL SIGNIFICANCE OF THE SWISS REFORMATION. ...........coovroeeeeoeccossoas oo 148
MEHDIYEVA AYTEN ALI
Culturology
MOCTKOYEBAA MAEHTUYHOCTb: YTO OCTA/IOCH OT KOYEBOTO MIPA B CO3HAHMM FOPOACKMX KASAXCTAHLIEBXXI BEKA ................... 157

MWUXAMTEHKO KAPUHA AJIEKCEEBHA
AHANPKAHOBA [Y/IbHAP ABbI/IXAMPOBHA
TRADITIONAL 'NEW VOICE': Q-POP IN THE CULTURAL DYNAMICS OF CONTEMPORARY KAZAKHSTAN. .......ovtiiiiiiiiieiiiieiet et 166

NURZHAYEVA ALINA MARATOVNA
ORAZGALI GULZHA



«Reviews of Modern Science» (September 3-4, 2026). Zlrich, Switzerland

Economic Sciences

Synergistic Effects of Al Pilot Zones and
Climate Governance on Urban Green
Transformation: Evidence for Sustainable
Urban Development

Kang Huiming
DBA Candidate, Farabi International Business School, Al-Farabi Kazakh National
University, Almaty, Kazakhstan

Abstract: This study is a dedicated empirical investigation of the impacts of Artificial
Intelligence Pilot Zones on sustainable urban development, focusing on the ecological and
technological dimensions. Coordinate the promotion of digital technology empowerment
and climate adaptation to advance the green economic decarbonisation of developing
countries. Although previous studies have focused on digital pilots and environmental
regulations separately, the spatial synergy and micro-level transmission mechanisms of
technological instruments under institutional constraints have not been explored.
Leveraging the spatial overlap between the National Artificial Intelligence Innovation and
Development Pilot Zones and Climate-Adaptive City Pilots as a quasi-natural experiment,
this paper uses a balanced panel dataset of 285 Chinese prefecture-level cities from 2000 to
2022. Based on Porter's hypothesis and the theory of technology-institution
complementarity, we construct a Constraint Instrument theoretical framework and apply
multi-period interaction difference-in-differences (DID), Callaway and Sant'Anna (2021)
heterogeneity-robust estimators, and partially linear double machine learning (DML) to
identify policy synergy. The empirical results show that policy synergy significantly reduces
the intensity of urban industrial SO2 emissions and energy-intensity per unit of GDP, with
an interaction coefficient of -0.0542 (p < 0.05), indicating a complementary "1 + 1 > 2"
decarbonisation dividend. The dynamic parallel trend assumption is verified over an
extended pre-treatment window (t = -5 to +3) using a joint Wald test (p = 0.702) anchored
on joint policy rollout, and anticipation effects have been ruled out. The results are
consistent after controlling for the concurrent policies (Low-Carbon Cities, Smart Cities,
Sponge Cities), meteorological factors (temperature and precipitation), and 500 Monte
Carlo placebo runs. Disentangled mechanism analysis shows that green invention patenting
(accounting for 28.6% of SO2 reduction) and energy-saving improvements (accounting for
34.3%) are the main transmission paths, while green digital process innovation and industrial
rationalisation drive energy-intensity reduction. Heterogeneity analysis shows that the
synergistic dividend is significantly higher in old industrial cities (-0.0782), and high
computing-density hubs show a slight, statistically non-significant decrease, indicating a
computing-energy rebound effect. The above results provide empirical support and a
transferable model for the development of a coordinated digital transformation and climate
adaptation strategy in China. From the dual perspectives of technological innovation and
ecological emission abatement, this study provides granular empirical evidence for the role
of Al pilot zones in driving sustainable urban development.
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1. Introduction

At this time in history, as the whole world moves towards carbon neutrality and artificial
intelligence develops rapidly around the globe, promoting the green and low-carbon
transformation of cities has become an urgent task for high-quality economic development. The
two structural bottlenecks of the urban industrial system are high capital costs for green
technology transformation and significant information asymmetry in climate change response.
Traditional command-and-control climate policies lack fine-grained digital governance
instruments; thus, there is enforcement friction, a potential reduction in output, and factor
misallocation. At the same time, the rapid development of Al infrastructure is electricity-intensive
and may lead to computing-related carbon leakage. Most of the previous studies have focused on
single-policy pilots in isolation and have failed to consider the spatial and institutional synergies
that arise when digital technology empowers people and institutions.

To address the above problems, this paper takes advantage of the spatial overlap between the
National New Generation Artificial Intelligence Innovation and Development Pilot Zones (Al pilots)
and Climate-Adaptive City Pilots as a quasi-natural experiment. Using a balanced panel dataset of
285 Chinese prefecture-level cities from 2000 to 2022, we systematically explore the spatial
synergistic decarbonisation dividends and transmission mechanisms of the dual-policy
implementation. Our research offers four main marginal contributions: First, we build a formal
Constraint+Instrument theoretical system based on the Porter hypothesis and technology-
institution complementarity, and formulate testable research hypotheses. Second, to address the
problem of potential negative weighting bias in staggered multi-cohort settings (Goodman-Bacon,
2021), we use both multi-period interaction DID and Callaway and Sant'Anna (2021)
heterogeneity-robust estimators, anchor the dynamic parallel trend on joint dual-policy rollout
timing across an extended pre-treatment window (t = -5 to +3), and perform joint Wald pre-trend
tests. Third, we build a disentangled mediation system to separate pollutant reduction channels
from energy intensity mechanisms, avoid circular reasoning, and clarify post-treatment
identification assumptions. Fourth, we have strictly controlled for concurrent urban
environmental and digital initiatives (Low-Carbon Cities, Smart Cities, Sponge Cities) as well as
meteorological factors, and employed partially linear double machine learning to partially
eliminate high-dimensional non-linear confounding. This study provides empirical support for
China's digital-green integrated governance and offers a replicable policy system for other
developing countries facing the dual problems of digitalisation and carbon reduction.

2. Literature Review and Theoretical Foundation

1. Literature Review

Scholarship on the environmental externalities of digital transformation and climate governance
has gradually developed in three main research streams:

First, Environmental Impacts of Single Digital and Climate Policies. A large body of empirical
research has examined the standalone green dividend of environmental regulations and digital
pilot programmes. Research in environmental economics has found that carbon targets,
environmental liability insurance and command-and-control regulations have motivated
enterprises to reduce industrial emissions and promoted green patenting (Sun et al., 2025; Wu,
2025). Concurrently, scholars examine digital technology pilots, demonstrating that artificial
intelligence and digital infrastructure enhance industrial energy efficiency and optimize
production scheduling (Liang et al., 2026). Digital monitoring platforms further reduce the
problem of information asymmetry in regulatory enforcement decay (West et al., 2025). Climate-
adaptive city pilots aim to strengthen the climate resilience of cities, and recent studies have
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shown that the adaptation infrastructure provides substantial "co-benefits" by reducing the cost
of industrial emission abatement (Li et al., 2025; Zhu & Rastelli, 2025).

Second, Multi-policy Synergy and Complementary Governance. Recently, scholars have begun to
study whether the new public policies are in harmony or conflict with one another (Yang & Tol,
2025). In the absence of technology, environmental constraints will lead to temporary production
reductions rather than long-term decarbonisation by the firm. Conversely, when digital technology
develops freely, the Jevons paradox and computing-energy rebound will increase the total energy
demand. Although recent studies have investigated the combination of market-based and
regulatory tools, few have integrated the application of digital technology and institutional-climate
adaptation into a unified spatial synergy system.

Third, Econometric Advances in Policy Evaluation. Methodologically, the causal evaluation of
staggered multi-cohort policy pilots has seen significant progress. Traditional two-way fixed-
effects (TWFE) estimators are likely to be biased towards the negative end when the treatment
timing varies among units (Goodman-Bacon, 2021). To address this problem, heterogeneity-
robust staggered difference-in-differences (DID) estimators have been developed to prevent
earlier treated units from acting as contaminated controls for later treated units (Callaway &
Sant'Anna, 2021; Leventer, 2025; Miyaji, 2025). Partially linear double machine learning (DML) can
handle non-linear confounding and functional misspecification in high-dimensional data (DiTraglia
& Liu, 2025; Lal & Chou, 2025; Xiang et al., 2026).

Summary of Research Gaps: In short, the existing literature has three main deficiencies: (1) most
studies focus on climate adaptation and Al pilots separately, ignoring their institutional-
technological synergy; (2) mechanism analysis often suffers from circular logic by employing the
same indicators for both outcomes and mediators; and (3) staggered empirical evaluations
frequently fail to integrate multi-cohort robust estimators with high-dimensional machine learning
adjustments. This paper directly addresses these deficiencies.

2. Theoretical Foundations and Research Hypotheses

According to Porter's hypothesis, technology-institution complementarity theory and marginal
abatement cost dynamics, we build a Constraint Instrument theoretical framework to formalize
dual policy synergy:

(1) The Constraint Instrument Dual Policy Synergistic Mechanism

Urban green transformation needs both external regulatory pressure and internal technological
capacity. Climate-adaptive city pilots generally function as institutional "administrative
constraints" by setting urban climate resilience goals, infrastructure standards and ecological
protection boundaries. According to Porter's hypothesis (Porter & van der Linde, 1995), an
unfavourable environment of constraints will drive enterprises to increase the use of resources
through innovation. Traditional command-and-control systems have high monitoring costs and
information asymmetry, so they result in enforcement friction.

Conversely, the National Al Innovation Pilot Zones serve as "technological instruments" to deploy
digital infrastructure, cloud computing and smart algorithms (Acemoglu et al., 2012). Al can
perform high-level analysis, but by itself, digital technology does not provide an environmental
goal and may increase energy consumption through computation. According to the theory of
technology-institution complementarity, at the intersection of space and time, these two policy
initiatives have created a "1+1 > 2" governance synergy: climate adaptation policies have
established institutional boundaries and green demand scenarios to guide Al capital and
algorithmic innovation towards ecological governance, and Al tools provide real-time sensing,
predictive modelling and automated optimisation to reduce regulatory compliance costs
significantly.
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Hypothesis 1 (H1): The spatial synergy of National Al Pilot Zones and Climate-Adaptive City Pilots
creates a complementary "1 + 1 > 2" decarbonisation dividend, significantly reducing urban
industrial SO2 emission intensity and energy consumption per unit of GDP.
(2) Micro-level Transmission Channels: Green Innovation and Energy Efficiency
Together, digital empowerment and climate governance work together to achieve the following
two micro-level transmission paths:
Green Technology Innovation Channel: Under the standalone climate adaptation policies,
industrial enterprises face compliance pressure but lack the technical ability for green R&D. Al
pilot zones offer high-end computing platforms, machine learning algorithms for materials
simulation, and digital knowledge spillover to reduce the cost and risk of green technology
development, thus promoting green invention breakthroughs.
Energy-saving Improvement Channel: Energy waste in industrial production often results from
inefficient equipment scheduling, poor thermal management, and supply-demand mismatches in
utility grids. Al-powered digital platforms can perform real-time parameter adjustment, predictive
maintenance and dynamic load balancing of industrial systems. Digitalisation reduces per-unit
energy waste in conjunction with the urban climate adaptation energy-efficiency benchmark.
Hypothesis 2a (H2a): Policy synergy promotes urban green transformation by stimulating green
invention patenting and technological innovation.
Hypothesis 2b (H2b): Policy synergy can reduce industrial emissions by enhancing energy-saving
in-use efficiency and optimising production process scheduling.
(3) Structural Heterogeneity: Industrial Legacy and Computing Rebound
The net environmental benefits of the dual-policy system are determined by the urban industrial
legacy and the energy characteristics of the digital infrastructure.
Heterogeneity of Industrial Backgrounds: Based on the theory of marginal abatement costs, older
industrial cities and resource-depleted areas have historically borne a heavy burden of carbon-
intensive manufacturing and obsolete equipment. Al tools in these cities have achieved only
marginal improvements in energy retrofitting and smart end-of-pipe monitoring for climate
adaptation scenarios, generating relatively low structural remediation dividends compared with
those in less carbon-intensive, modern service-oriented cities.
Computing Infrastructure Energy Rebound: Although artificial intelligence is being used to
promote green development, the construction of large-scale data centres, computing clusters and
server facilities is also energy-intensive. Under the Jevons paradox, in cities with high computing
density, a high Power Usage Effectiveness (PUE) and continuous electricity demand can lead to an
energy rebound effect and reduce the decarbonisation benefit of digitalisation.
Hypothesis 3a (H3a): The synergistic green transformation dividend is relatively larger in old
industrial base cities with a high marginal abatement potential.
Hypothesis 3b (H3b): High computing-density hubs experience coefficient attenuation due to
computing-infrastructure energy rebound effects.
3. Econometric Strategy, Variable Definitions and Data Sources
1. Econometric Model Specifications
(1) Multi-period Interaction Difference-in-Differences (DID) Baseline Model
To identify the spatial synergistic effect of the dual policy pilots on urban green transformation,
we specify the following multi-period panel fixed-effects DID model:

Yie = ap + 1Al + BoClimate;, + B3 (Al X Climate;) + XE_y Vie Xy + i + A + & (1)
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Table 1: Mathematical Parameter Definitions and Econometric Interpretation for the Baseline

DID Model
Parameter / . _— . .
Mathematical Definition and Econometric Interpretation
Symbol
Dependent variable representing green transformation performance of city i
Y in year t, measured by industrial SO2 emission intensity (S02;, tons/10,000
RMB) and energy intensity per unit of GDP (Energy;;, tons SCE/10,000 RMB)
Al Binary treatment indicator for National Al Innovation Pilot Zones. Equals 1 if
i city i is approved as an Al pilot in year t or later, and O otherwise
Climate Binary treatment indicator for Climate-Adaptive City Pilots. Equals 1 if city i is
i designated as a climate pilot in year t or later, and O otherwise
Al;; Core interaction term capturing the net spatial synergistic effect of dual policy

X Climate;;

overlap

lot Model intercept
BB Independent marginal coefficients measuring the standalone impact of Al
L2 pilots and climate pilots, respectively
8 Primary parameter of interest. A statistically significant negative coefficient
indicates a complementary "1 + 1 > 2" abatement dividen
3 (B3 < 0) indicat | tary "1+ 1> 2" abat t dividend
Vector of K control variables, including secondary industry share
¥ (SecondInd;;), log real GDP per capita (LnRealGDPpc;;), urbanization rate
rbanRate;;), fiscal self-sufficiency (FiscalSelf;;), log population density
it (UrbanRate;,), fiscal self-suffici (FiscalSelf;,), | lation densit
(PopDensity;;), and FDI ratio (FDIRatio;;)
Vi Marginal regression coefficient vector for control variable Xp;;
City fixed effects controlling for time-invariant unobserved urban traits (e.g.,
Hi geographic location and natural resource endowment)
1 Year fixed effects controlling for macro-level economic shocks and temporal
t trends common to all cities
Eit Idiosyncratic error term clustered at the city level

Synergy Inference and Endogenous Selection Discussion: The combined abatement impact on
dual-pilot cities is given by 5; + S, + B3. A positive complementary synergy is established if B3 <
0 and p < 0.05. We construct a Wald test (Hy: f; + 2 + 3 = 0) using the F-statistic to verify
joint significance. Furthermore, we acknowledge that pilot city selection may be non-random and
driven by unobserved economic fundamentals. To mitigate selection bias, we employ propensity
score matching (PSM) paired with DID as a robustness check, and the results remain highly
consistent.

(2) Staggered CSDID Implementation Logic and Dual-Policy Joint Event Study Model

Because both Al pilots and climate adaptation pilots were implemented in rolling staggered
cohorts, standard two-way fixed effects estimators can suffer from negative weighting bias
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(Goodman-Bacon, 2021). To address this, we separately estimate the Callaway and Sant'Anna
(2021) CSDID estimator for each individual policy to verify that standalone treatment effects are
free of negative weighting bias. Both single-policy ATT estimates are statistically negative and
economically meaningful, which reinforces the credibility of our baseline interaction-based
synergy estimates. Furthermore, to evaluate the dynamic trajectory of dual-policy synergy, we
construct a joint policy activation anchor (TP43! = max(TA! TEIMat)) over an extended pre-
treatment horizon (t = —5 to +3):

Yie = ap + 2?:—5,#—1 8, DualEventf, + B; Al + f,Climate;, + X5_; Vie Xpie + 1y + A¢ + &4

(2)

Table 2: Mathematical Parameter Definitions and Econometric Interpretation for Event Study
Model

Parameter . . . .
/ Mathematical Definition and Econometric Interpretation
Symbol
Dynamic event-time dummy variable for dual policy synergy. Anchored on
. the year of joint policy activation TiD“al = max(TH, TiCl‘mate), where T =
DualEvent;, Dual . - -
t—T;"%, spanning fromt = =5 to T = 3, with T = —1 as the normalized
reference period
s Dynamic marginal synergy coefficient for relative period t capturing the
T

clean trajectory of policy overlap

Identification Validation: In the pre-treatment period (t < —2), if the 95% confidence intervals of
&, span zero and the joint Wald test confirms Hy: 6_g = 6_4, = 6_3 = §_, = 0, the parallel trend
assumption holds strictly. In the post-treatment period (r = 0), statistically significant negative &,
values reflect a growing dynamic decarbonization dividend.
(3) Partially Linear Double Machine Learning (DML) Model
To eliminate non-linear functional misspecification in high-dimensional controls and
measurement error in binary indicators, we specify a partially linear double machine learning
model using Al location entropy (AI_LQ;;) as a continuous policy intensity metric:

Yi; = 0(ALLLQ;; X Climate;;) + go(W ;) + Uy, E[U;; | ALLLQy, Climate;;,, Wi:] =0 (3)

(ALLLQ; x Climate;) = mo(Wy) + Vi, E[Vye | W] = 0 (4)
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Table 3: Mathematical Parameter Definitions and Econometric Interpretation of the Double
Machine Learning Model

Parameter . i . .
/ Mathematical Definition and Econometric Interpretation

Symbol
ALLQ Artificial intelligence location entropy of city i in year t, measuring digital
-t industry agglomeration density
AILLQj;; Continuous interaction between digital agglomeration density and
X Climate;; climate pilot status
W High-dimensional control space comprising covariates, historical lags,
1t and fixed effects (W;, € RP,p > 30)
Non-linear residual mapping functions estimated via Random Forest
W), my (W; ) - L
8o(Wie), mo(Wie) regression with 5-fold cross-validation
Uit Vie Neyman-orthogonalized residual components

Partially linear causal effect parameter after partialling out high-

0 dimensional confounding

(4) Disentangled Bootstrap Mediation Mechanism Model
To resolve circular logic between dependent and mediating variables, we establish a disentangled
simultaneous mediation system: for SO2;;, mediators include energy intensity (Energy;;), green
patents (GreenPat;;), and dust removal rate (DustRem;;); for Energy;;, mediators are green
digital process innovation (GreenProc;;) and industrial structure rationalization
(IndStrRational;;):

M, = ag + ¢1Al;e + ¢, Climate;, + ¢3 (Al X Climate;,) + Xioq Vi Xiie + i + e + & (5)
Yi: = ag + B1Al; + B;Climate;; + B35 (Al X Climate;;) + Ay, M;; + Z:::l)/,'( Xyie + 1 + A +
Nit (6)
Table 4: Mathematical Parameter Definitions and Econometric Interpretation of Bootstrap
Mediation Model

Parameter . N . .
/ Mathematical Definition and Econometric Interpretation
Symbol
Vector of mechanism variables: energy intensity (Energy;;), log green
M invention patents (GreenPat;;), and industrial dust removal rate (DustRem;;)
i for SO2;; regressions; green digital process innovation (GreenProc;;) and
industrial structure rationalization (IndStrRational;;) for Energy;; regressions
s Direct coefficient of policy synergy on mediator M;;
1 Marginal response coefficient of green performance Y;; with respect to
M mediator M;;
by -1 Indirect mediation effect product, with non-asymmetric confidence intervals
3 ™™ estimated via Bootstrap (1,000 replications clustered at the city level)
¢z - Ay Mediation contribution ratio relative to the total baseline synergy coefficient
B3 from model (1)

Direct residual effect coefficient of policy synergy after controlling for mediator

33 Mit
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|dentification Caveat on Post-treatment Bias: We explicitly acknowledge that in observational DID
settings, mediator variables may be subject to post-treatment confounding and potential
violations of sequential ignorability. Bootstrap decomposition is interpreted as an organised
structural division of transmission paths relative to the baseline model (1), rather than specific
point-identified causal mechanisms.
(5) Triple-Interaction Heterogeneity Model
To examine the impact of industrial inheritance and energy-constrained computing environments
on structure, we build a triple-interaction panel model:

Yi: = ay + f1Al;; + B,Climate;; + f3(Al;; X Climate;;) + [, (Al;; X Climate;; X Group;) +
YRt Vi Xuie + 1 + A + & (7)
Table 5: Mathematical Parameter Definitions and Econometric Interpretation of the Triple
Interaction Model

Parameter / Symbol Mathematical Definition and Econometric Interpretation

Grouping dummy variable (Group; = 1 for old industrial cities or high

Group; computing-density cities, and 0 otherwise)

Al;; X Climate;;

Triple interaction between policy synergy and city structural attributes
X Group; p policy synergy %

Core heterogeneity coefficient testing for marginal structural
differences across subsamples

Ba

Endogenous Selection Discussion: Due to the historical endowments of old industrial legacies and
computing hub designations, we repeat all heterogeneity regressions within the Propensity Score
Matched (PSM) subsamples to ensure covariate balance and rule out non-random selection bias.
2. Variable Definitions and Operational Measurements

1. Dependent Variables:

Industrial SO2 Emission Intensity (SO2;;): Defined as the volume of industrial sulfur dioxide
emissions per unit of real gross regional product (tons per 10,000 RMB, base year 2000), capturing
end-of-pipe industrial pollution intensity. Energy Intensity per Unit of GDP (Energy;;): Calculated
as total urban electricity and industrial fossil energy consumption converted into standard coal
equivalent per 10,000 RMB of real GDP (tons SCE/10,000 RMB). Given that city-level direct fossil
fuel consumption statistics are partially incomplete across earlier years, total energy consumption
is estimated by combining municipal electricity consumption with provincial energy balance tables
and cross-validated with DMSP/OLS and VIIRS nighttime light data.

2. Core Explanatory Variables:

National Al Innovation Pilot Zone (Al;;): A binary dummy variable taking the value 1 if city i was
designated as a National New Generation Artificial Intelligence Innovation and Development Pilot
Zone by the Ministry of Science and Technology in year t or later, and 0 otherwise. Climate-
Adaptive City Pilot (Climate;;): A binary dummy taking the value 1 if city i was included in the
Climate-Adaptive City Pilot list jointly promulgated by the National Development and Reform
Commission (NDRC) and the Ministry of Housing and Urban-Rural Development (MOHURD) in year
t or later, and O otherwise. Al Location Entropy (AI_LQ;¢): Calculated using the employment share
of the information transmission, software, and information technology services sector relative to
national averages:

Erct,it/ Zj Ejit

2 Excrit/ E Z], Ejit
i

AI—LQlt ==
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3. Disentangled Mechanism Variables:

Green Invention Patenting (GreenPat;;): Natural logarithm of green invention patent applications
plus one, retrieved from CNIPA and matched to the WIPO IPC Green Inventory. Industrial Dust
Removal Rate (DustRem;;): Ratio of industrial dust removed by abatement equipment to total
dust generated (%). Green Digital Process Innovation (GreenProc;;): Natural logarithm of green
process patents granted under IPC classes YO2P (climate change mitigation technologies in
manufacturing) and YO2W (waste management and clean processing). Industrial Structure
Rationalization (IndStrRational;;): Measured by the inverse of the Theil Index (TL;;), where

3 . . .
TLi = Z (Y"”t) In (Ym'”/Y”). A lower Theil index reflects higher coordination and factor

m=1 \ Yit Lm,it/Lit
allocation efficiency across industrial sectors.
4. Subsample Grouping Criteria:
Old Industrial Base Cities (OldInd;): Identified according to the official National Plan for the
Adjustment and Transformation of Old Industrial Bases (2013—2022) issued by the State Council,
designating 120 traditional industrial and resource-based cities (OldInd; = 1, others = 0). High
Computing Density Cities (CompDensity;): Measured based on the official list of National
Integrated Computing Power Network Hub Nodes, national-level data centers, and internet
backbone exchange points per capita, divided into high-density (CompDensity; = 1) and low-
density (CompDensity; = 0) using the national sample median.
5. Control Variables and Concurrent Policy Dummies:
SecondInd;;: Proportion of secondary industry value-added in urban GDP (%).
LnRealGDPpc;;: Natural logarithm of real GDP per capita in RMB (deflated to 2000 constant
prices). UrbanRate;;: Urbanization rate measured as urban population over total resident
population (%). FiscalSelf;;: Fiscal self-sufficiency ratio, calculated as general public budgetary
revenue divided by expenditure. PopDensity;;: Logarithm of population density (persons per
square kilometer). FDIRatio;;: Ratio of actually utilized foreign direct investment to GDP (%).
Temp;, Precip;;: Annual mean temperature (Celsius) and annual precipitation (100 mm)
capturing exogenous meteorological conditions. LowCarbon;;: National Low-Carbon City Pilots
(three batches: 2010, 2012, 2017). SmartCity;;: National Smart City Pilots (MOHURD batches:
2012, 2013, 2014). SpongeCity;;: National Sponge City Construction Pilots (2015, 2016).
3. Data Sources and Descriptive Statistics
The balanced panel includes the 285 prefecture-level cities and above in China from 2000 to 2022
(6,555 city-year observations). The main econometric baseline regressions focus on the 2008-
2022 period (3,660 observations) to ensure complete and continuous data availability for digital
ICT sector employment and detailed green patent classifications, and the full 2000-2022 sample
is used for long-horizon parallel trend tests. Socio-economic and environmental indicator data are
provided by the China City Statistical Yearbook, China Urban Construction Statistical Yearbook and
provincial statistical bulletins. Green patent application and grant data are obtained from the
China National Intellectual Property Administration (CNIPA). Policy rollout lists are manually
compiled based on official circulars issued by the State Council, MOST, NDRC and MOHURD. Linear
interpolation is used only for occasional missing values (missing rate < 1.8%). All continuous
variables are Winsorised at the 1st and 99th percentiles to avoid distortion by extreme outliers.
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Table 6: Descriptive Statistics of Core Regression Variables

Variable Name Symbol Obs  Mean ;te(i Min Max

Industrial SO2 Intensity SO2;; 3,660 0.0842 0.0915 0.0012 0.6840
Energy Intensity per GDP Energy;; 3,660 0.1250 0.1042 0.0150 0.8920
National Al Pilot Zone Al;; 3,660 0.0520 0.2220 0.0000 1.0000
Climate-Adaptive City Pilot Climate;; 3,660 0.0710 0.2570 0.0000 1.0000

Policy Synergy Interaction Al;; X Climate;; 3,660 0.0240 0.1530 0.0000 1.0000

Al Location Entropy ALLLQ;; 3,660 1.0420 0.5840 0.1210 4.8500
Secondary Industry Share SecondInd;; 3,660 46.850 10.420 14.200 85.600
Log Real GDP per Capita LnRealGDPpc;; 3,660 10.450 0.7250 8.1200 12.850
Urbanization Rate UrbanRate;; 3,660 54.250 15.680 18500 95.800
Fiscal Self-Sufficiency FiscalSelf;; 3,660 0.5120 0.1980 0.0850 1.1500
Log Population Density PopDensity;; 3,660 5.8200 0.8950 2.4500 7.9500
FDI Ratio FDIRatio;; 3,660 0.0210 0.0230 0.0005 0.1850

Log Green Invention

GreenPat;; 3,660 5.1250 1.6850 0.0000 10.420
Patents

Industrial Dust Removal

Rate DustRem;, 3,660 88450 12.350 35.000 99.800

Green Digital Process

. GreenProc;; 3,660 3.4200 1.2500 0.0000 8.1500
Innovation

Industrial Rationalization

Index IndStrRational;; 3,660 0.8250 0.3140 0.1200 2.1500

4. Empirical Analysis and Discussion

1. Baseline Policy Synergy Effects and Panel DID Estimation

Table 7 presents the baseline multi-period interaction difference-in-differences (DID) estimation
results evaluating the joint spatial impact of National Al Innovation Pilot Zones (digital
"technological instrument") and Climate-Adaptive City Pilots (institutional "administrative
constraint") on urban green transformation. Columns (1) and (2) report the point estimates for
industrial SO2 emission intensity (SO2;;) and energy intensity per unit of GDP (Energy;;),
respectively.
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Table 7: Baseline Multi-period Interaction Difference-in-Differences Model Results

Industrial SO2

Energy Intensity per

Variable Name Symbol Intensity (SO2;;) GDP (Energy;;)
National Al Pilot Zone Al;; -0.0311** (0.0136) -0.0285** (0.0124)
Climate-Adaptive City Climate;, 0.0024 (0.0172) 0.0018 (0.0151)

Pilot

Policy Synergy

Al;; X Climate;;

-0.0542** (0.0212)

-0.0468** (0.0195)

Interaction

Secondary Industry . x "

Share SecondInd;; 0.0018** (0.0008) 0.0015* (0.0008)
E‘;i i':aea' GDP per LnRealGDPpc;,  -0.0412%** (0.0154)  -0.0385*** (0.0142)
Urbanization Rate UrbanRate;, -0.0085** (0.0038)  -0.0076** (0.0034)
Fiscal Self-Sufficiency FiscalSelf;; -0.0124** (0.0051) -0.0112** (0.0048)
Log Population PopDensity;, -0.0186** (0.0082)  -0.0164** (0.0075)
Density

FDI Ratio FDIRatio;, -0.0724** (0.0314)  -0.0658** (0.0298)
City Fixed Effects Ui YES YES

Year Fixed Effects Ae YES YES

Wald Joint Test

(Ho: By + B2 + B3 =
0)

Sample Size

Adjusted R?

F-stat (p-val)

N
Adj — R?

14.82 (0.0001)

3,660
0.684

12.65 (0.0004)

3,660
0.652

Note: Standard errors are clustered at the city level in parentheses; ***, ** and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

As documented in Table 7, the standalone coefficient for National Al Pilot Zones (Al;;) is
statistically negative (B; = —0.0311,p < 0.05), indicating that digital technology pilot
implementation alone reduces industrial SO2 emission intensity by approximately 3.11%. In
contrast, the standalone coefficient for Climate-Adaptive City Pilots (Climate;;) is statistically
insignificant (B, = 0.0024,p > 0.10). This empirically demonstrates that climate adaptation
policies primarily target physical infrastructure resilience against natural hazards rather than
imposing direct end-of-pipe industrial emission caps, thus failing to produce a substantial
standalone decarbonization effect. Crucially, the core policy interaction term (Al;; X Climate;;)
yields a statistically significant negative coefficient for both industrial SO2 intensity (3 =
—0.0542,p = 0.0108 < 0.05) and energy intensity per GDP (f3 = —0.0468,p = 0.0164 <
0.05). This key finding confirms Hypothesis 1: when digital infrastructure empowerment intersects
with institutional climate governance constraints, institutional targets provide firms with
regulatory incentives while Al tools provide the sensing and algorithmic capabilities required for
compliance, unlocking a "1 + 1 > 2" decarbonization dividend. The Wald joint hypothesis test
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(Hy: By + B, + B3 = 0) yields an F-statistic of 14.82 (p = 0.0001 < 0.001), decisively verifying

the overall statistical significance of combined policy impact.
2. Dual-Policy Joint Activation Event Study and Extended Parallel Trend

To validate the parallel trend identification assumption over an extended historical window and
trace the temporal evolution of policy synergy, Table 8 presents dynamic event-study regression
estimates anchored on the year of joint policy activation (TP = max (T, TFMate)) setting
T = —1 as the normalized baseline.
Table 8: Extended Event Study Dynamic Synergy Effects and Parallel Trend Test Estimates

. . . 95%
Relative Policy Joint Event Coefficient Std t-stat p- Confidence
Year Term Error value
Interval
— o ] [0.0232,
r=-5 DualEventz® ~ -0.0040  0.0098 ... 06831 o %
B L i -0.0246,
=4 DualEventz  -0.0060 00095 o oo 05277 | oo
B L i [-0.0260,
r=-3 DualEventi’ — -0.0080  0.0092 ..o 03846 o
B | [-0.0120,
T=-2 DualEvent;; 0.0040 0.0082 0.4878 0.6258 0.0200]
7 = —1 (Baseline)  DualEvent;'  0.0000 — — - -
=0
| 0 ] i [-0.0630, -
g(lerr;pr))lementatmn DualEvent;; 0.0420%%* 0.0107 39757 0.0001 0.0210]
) 1 ] ] [-0.0890, -
=1 DualBventyy ) gogpres 00122 5 559 00000 74 00
i 2 ] i [-0.1170, -
T=2 Dualkventiy ) ggqpres 00143 ¢ 5939 00000 74 610
i 3 ] ] [-0.1460, -
T=3 Dualkventiy ) 1jgpues 00198 5 5505 00000 74 henn

Notes: Standard errors clustered at the city level in parentheses; ***, ** and * denote statistical
significance at the 1%, 5%, and 10% levels, respectively. Joint Wald test of pre-treatment
coefficients (t = =5 tot = —2): x*(4) = 2.18,p = 0.702.



«Reviews of Modern Science» (September 3-4, 2026). Zlrich, Switzerland

Event Study Dynamic Synergy and Parallel Trend Test
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Figure 1: Event Study Dynamic Synergy Trajectory and Parallel Trend Test
As shown in Table 8, across the entire pre-treatment window spanning fromt = —-5to1 = -2,
all dynamic coefficients are statistically indistinguishable from zero (6_g = —0.0040,p =
0.6831;6_, = —0.0060,p = 0.5277;5_3 = —0.0080,p = 0.3846;6_, = 0.0040,p =
0.6258), with 95% confidence intervals straddling zero. The joint Wald test of pre-treatment
coefficients yields y2(4) = 2.18 (p = 0.702), decisively failing to reject the null hypothesis of
parallel pre-trends. The normalized baseline period (t = —1) and the statistical insignificance of
all pre-treatment coefficients (t = —5 to —2) further confirm the absence of pre-existing policy
anticipation effects. Following joint policy implementation (t = 0), the synergistic abatement
effect turns sharply negative in the initial rollout year (§, = —0.0420,p < 0.001) and expands
monotonically over time: §; = —0.0650, §, = —0.0890, reaching 63 = —0.1150 (p < 0.001) by
the third year. This expanding trajectory reflects a dynamic learning curve: corporate green digital
R&D investments, sensor network deployments, and cross-departmental data integration require
multi-year capital cycles to achieve peak operational efficiency. Figure 1 visually corroborates this
dynamic pattern.
3. Comprehensive Robustness Tests and Causal Identification
To rule out the problems of staggered DID negative weighting bias, non-linear functional
misspecification, confounding concurrent policies, meteorological shocks, sample self-selection,
and random noise, Table 9 presents the results of seven advanced identification robustness tests.
All robustness tests yield the same results for both industrial SO2 intensity and energy intensity
per GDP. In addition, the synergy effect is qualitatively the same regardless of whether the two
policies are implemented in sequence (Al pilots before climate pilots or climate pilots before Al
pilots).
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Table 9: Overall Robustness Identification and Staggered Estimation Results (Dependent
Variable: Industrial SO2 Emission Intensity)

Specific

Robustness Estimation Core. Std. p- Robustness
. . Interaction .
Dimension Framework / g Error value Evaluation
Coefficient
Model Form
Single-policy ATT
estimates verify that
standalone policy
Call &
(1) Staggered SZ nat\'AA/\?:wa effects are free of
Heterogeneity- -0.0528***  0.0175 0.0026 negative weighting
(2021) CSDID . S
Robust DID . bias, which indirectly
Estimator
supports the
credibility of baseline
interaction results
Continuous
(2) Partially AI._LQl-t X . Pa'rtlallm'g out high-
. Climate;; -0.0485 0.0162 0.0028 dimensional non-
Linear DML . .
(Random Forest linear confounding
5-Fold)
Controlling for Synergy remains
(3) Concurrent Low-Carbon, robust after
. . Smart, and -0.0518**  0.0208 0.0128 eliminating
Policy Exclusions . .
Sponge City concurrent policy
Pilots interference
() Adding Annual Precludes
M founding f
Meteorological ean 0.0531%* 00210 00115  _orroundingirom
Temperature exogenous weather
Controls o
and Precipitation shocks
Baseline Eliminates non-
(5) Kernel- Covariate random pilot
Matched PSM- . -0.0512*** 0.0185 0.0057 . 'p
DID Propensity Score selection bias (N =
Matching DID 2,800)
Excluding Four
Municipalities .
(6) Sample (Beijin Precludes dominance
. . P J g,. -0.0535**  0.0215 0.0130 of mega-metropolitan
Trimming Shanghai,
o hubs
Tianjin,
Chongging)
e i
& . 0.0003 0.0351 0.4950 outside 95% pseudo-
Carlo Placebo Across City-Year o
. distribution
Matrix

Standard errors are clustered at the city level in parentheses; ***, **, and * indicate statistical
significance at the 1%, 5% and 10% levels, respectively. Estimations in Table 9 use Industrial SO2
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Emission Intensity as the benchmark dependent variable. Robustness tests for energy intensity
per GDP yield qualitatively the same results and are omitted for brevity (available upon request).

Distribution of 500 Monte Carlo Placebo Runs

Placebo Interaction Estimates (500 Runs)
= Theoretical Normal Distribution
== True Benchmark Estimate (B3 = -0.0542, p < 0.05)

= N
S) N~

©

Empirical Kernel Density

[
[}
EH |
—0.05 0.00
Estimated Pseudo Policy Synergy Coefficient

Figure 2: Distribution of 500 Monte Carlo Placebo Runs
In Table 9, Row 1 implements the Callaway and Sant'Anna (2021) CSDID estimator along single-
policy rollout dimensions, yielding an average treatment effect on the treated (ATT) of —0.0528
(p = 0.0026 < 0.01). We separately estimate the Callaway and Sant'Anna (2021) CSDID
estimator for each individual policy to verify that standalone treatment effects are free of negative
weighting bias; both single-policy ATT estimates are statistically negative and economically
meaningful, which reinforces the credibility of our baseline interaction-based synergy estimates.
Row 2 presents the partially linear DML estimate using continuous Al location entropy (8 =
—0.0485,p = 0.0028). Row 3 simultaneously controls for Low-Carbon City, Smart City, and
Sponge City pilot dummies; the synergistic coefficient remains stable at —0.0518 (p < 0.05). Row
4 adds meteorological controls (mean temperature and precipitation), yielding —0.0531 (p <
0.05), ruling out natural weather confounders. Row 5 reports Kernel-matched PSM-DID estimates;
the PSM procedure yields a balanced matched sample of 112 cities with 2,800 city-year
observations, producing a coefficient of —0.0512 (p = 0.0057 < 0.01). Row 6 excludes the four
direct-administered municipalities (-0.0535). Row 7 and Figure 2 present the results of 500 Monte
Carlo placebo runs; the pseudo-treatment distribution is centered at 0.0003 (p = 0.4950),
whereas the true benchmark estimate (-0.0542, red dashed line) lies in the extreme tail (p <
0.05).
4. Disentangled Mediation Mechanism Decomposition
To test Hypotheses 2a and 2b rigorously without circular reasoning, Table 10 shows the Bootstrap
mediation decomposition results (1,000 replications clustered at the city level) for industrial SO2
intensity and energy intensity per GDP. The mediation proportion is determined by the total
baseline synergy coefficient in model (1). Bootstrap resampling is clustered at the city level to align
with the error structure of the baseline DID model.

—-0.10
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Table 10: Disentangled Bootstrap Mediation Mechanism Decomposition

Target .
Mech . . . 959 I
Depende ecmams Mediator Mediator Indirect Bootﬁcra Contributio
nt Channel Symbol Name Effect c n Rate (%)
Variable P
Industrial Energy i -
2 Pri

Isrf’)tensit Chra'?nagly . Energy; Intensity ~ 0.0186** 0.0245,-  34.3%
502 )y Reduction * 0.0127]

it
Industrial Green i -
S0O2 Primary , ¥ 0
Intensity Channel 2 GreenPat;; Invention 0.0155 0.0210, - 28.6%
(S02;,) Patenting * 0.0100]

it
Industrial Industrial -
S0O2 Auxiliary Dust - o
Intensity ~ Channel 3 DustRem; Removal 0.0080** 00'00102355']- 14.8%
(SO2;¢) Rate ’
Energy
Intensity Core Green Digital - [-
per GDP Channel 1 GreenProc;; Process 0.0162** 0.0220, - 34.6%
(Energy;; Innovation * 0.0105]
)
:Enrlf:rngs»i/t Industrial i -

Y Core . Structure
per GDP IndStrRational;, .. 0.0135** 0.0188, - 28.8%
Channel 2 Rationalizati N

(Energy;; on 0.0082]

)

Notes: Indirect effects and 95% confidence intervals were estimated by non-parametric Bootstrap
with 1,000 replications clustered at the city level; *** ** and * indicate statistical significance at
the 1%, 5% and 10% levels, respectively. Mediation contribution rates are relative to the baseline

interaction coefficient in Model (1).

Disentangled Bootstrap Mediation Contribution Rates (%)

Green Digital Process
(For Energy Intensity)

34.6%

Ind. Structure Rationalization
(For Energy Intensity)

Energy Intensity Reduction

o
(For SO2 Intensity) 34.3%

Green Invention Patenting
(For SO2 Intensity)

Industrial Dust Removal | 0,
(For SO2 Intensity) 14.8%
0 5 10 15 20 25 30 35 40
Mediation Contribution Ratio Relative to Total Synergistic Effect (%)

Figure 3: Bootstrap Mediation Mechanism Contribution Rates (%)
As shown in Table 10, for industrial SO2 intensity, energy intensity reduction (Energy;;) serves as
the largest mediator, accounting for 34.3% of the total effect (indirect effect = —0.0186,p <



«Reviews of Modern Science» (September 3-4, 2026). Zirich, Switzerland I

0.001), supporting Hypothesis 2b. Green invention patenting (GreenPat;;) accounts for 28.6% of
the effect (indirect effect = —0.0155,p < 0.001), supporting Hypothesis 2a. For energy intensity
per GDP, green digital process innovation (GreenProc;;) and industrial structure rationalization
(IndStrRational;;) explain 34.6% and 28.8% of the total reduction, respectively, entirely
resolving the circularity issue. Together, green innovation and energy efficiency drive over 62.9%
of the total policy synergy dividend. The remaining share of the total synergy effect is attributed
to direct governance impacts and other unmeasured channels, such as enhanced environmental
law enforcement intensity and real-time public scrutiny. Figure 3 illustrates these relative
contribution shares.

5. Industrial Background and Computing Density Heterogeneity Analysis

To examine structural differences in urban industrial legacies and energy constraints of computing
infrastructure, Table 11 shows subsample heterogeneity estimates using a triple-interaction panel
fixed-effects model.

Table 11: Subsample Heterogeneity Estimates via Triple Interaction Model

Heterogeneity Subsample Trlplg Coefficient Std. p-
. i Group Interaction t-stat
Dimension ot Term (Ba) Error value
l
industrial Old Industrial Al i
Backeround Cities X Climate;; -0.0782*** 0.0184 42500 0.0000
8 (Group = 1) X Group; '
. Non-Old
g‘adc‘:(‘c‘trr(';'n . Industrial Cities ﬁlghmate, 0.0412%** 00152 . 0.0068
& (Group = 0) i '
High
Computing Computing Alye -
Infrastructure Density X Climate;; -0.0234 0.0191 12751 0.2208
X Group;
(Group = 1)
Low
Computing Computing Al ) . -
Infrastructure Density X Climate;; 0-0715 0.0163 4.3865 0-0000
(Group = 0)

Notes: Standard errors are clustered at the city level in parentheses; ***, ** and * indicate
statistical significance at the 1%, 5% and 10% levels, respectively.

Subsample Heterogeneous Synergistic Effects Across City Attributes

[ R e —
-0.0234
~0.04 |

—0.06

—0.08 4

—0.10 4

Estimated Synergistic Interaction Coefficient (84 / B3)

T T T T
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(High Marginal Space) (Baseline Sample) (Net Synergistic Dividend) (Tentative Rebound Risk)

Figure 4: Subsample Heterogeneity Effects in City Groups
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As documented in Table 11 (Rows 1-2), policy synergy yields a significantly larger decarbonization
dividend in old industrial cities (8, = —0.0782,p < 0.001,t = —4.2500) relative to non-old
industrial cities (83 = —0.0412,p = 0.0068), confirming Hypothesis 3a. Traditional industrial
bases possess high marginal abatement potential when empowered by Al monitoring and climate
adaptation incentives. Subsample regressions within Propensity Score Matched samples vyield
nearly identical results (-0.0765, p < 0.001), ruling out baseline selection confounding.
Conversely, Rows 3—4 evaluate computing infrastructure energy trade-offs: the synergy effect is
quantitatively smaller in high computing-density cities (8, = —0.0234), yet the difference is not
statistically significant at conventional levels (p = 0.2208,t = —1.2251), whereas low
computing-density cities display a strong negative synergy (f3 = —0.0715,p < 0.001). This
provides tentative, suggestive empirical evidence of a computing-energy rebound effect
(Hypothesis 3b), wherein intensive power demands in data center clusters partially offset digital
decarbonization spillovers. Figure 4 visually contrasts these heterogeneous treatment dynamics.
5. Key Conclusions, Policy Implications and Research Limitations

1. Main Conclusions

Based on a balanced panel dataset of 285 Chinese prefecture-level cities from 2000 to 2022, this
paper systematically investigates the spatial synergistic abatement effects of National Al
Innovation Pilot Zones and Climate-Adaptive City Pilots. First, our first conclusion is...

First, baseline regressions and Callaway and Sant'Anna (2021)'s heterogeneity-robust estimators
show that policy synergy between National Al Pilot Zones and Climate-Adaptive City Pilots
significantly reduces urban industrial SO2 emission intensity and energy intensity per GDP. The
interaction coefficient is significantly negative (-0.0542, p < 0.05), indicating a complementary "1
+ 1> 2" abatement dividend that is robust across an extended pre-trend window (t = -5 to +3,
joint Wald test p =0.702), 500 Monte Carlo placebo runs, meteorological controls, and concurrent
environmental policy controls (Low-Carbon Cities, Smart Cities, Sponge Cities).

Second, disentangled mechanism analysis shows that green invention patenting (accounting for
28.6% of SO2 reduction) and energy intensity reduction (accounting for 34.3%) are the main
transmission paths, and green digital process innovation and industrial structure rationalisation
drive energy intensity reduction, fully resolving circularity concerns.

Third, triple-interaction models reveal that policy synergy vyields greater remediation in old
industrial cities (B, = —0.0782,p < 0.01), reflecting higher marginal abatement returns in
energy-intensive bases. However, high computing-density cities exhibit slight, tentative coefficient
attenuation, highlighting potential computing-energy rebound risks associated with data center
expansion.

2. Targeted Policy Implications

Based on the above empirical results, we propose three feasible, targeted policy
recommendations:

First, build "Digital + Climate" collaborative retrofitting programs in old industrial bases. Given that
old industrial cities have the highest marginal decarbonisation dividend (-0.0782), authorities
should prioritise deploying industrial Al sensing platforms and smart emission-tracking networks
in heavy manufacturing bases. Set up special fiscal subsidies for green process retrofitting to
promote the replacement of old equipment and transform traditional pollution clusters into
cooperative green-digital demonstration zones.

Second, Incorporate Strict PUE Thresholds and Green Power Trading into Climate-Adaptive Data
Centers. To address the problem of tentative computing-energy rebound in high-computing-
density hubs, municipal regulators can require dynamic Power Usage Effectiveness (PUE < 1.25)
standards for new data centers in climate pilot cities. In addition, by directly connecting cloud
computing clusters with regional renewable micro-grids and green electricity trading platforms,
the extended digital intelligence will still meet the goal of urban decarbonisation.
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Third, build cross-departmental environmental data sharing and algorithmic supervision networks.

To avoid regulatory information silos and end-of-pipe pollution concealment, Policymakers need

to link industrial Internet of Things (loT) sensor streams with municipal ecological monitoring

databases. Real-time algorithmic supervision will reduce the cost of regulatory inspection and

direct enterprise digital investment towards patented green innovations and clean production

engineering, thus helping to achieve the national goal of promoting the green development of

urban areas through artificial intelligence. The above empirical results from Chinese cities can also

offer a reference and a transferable roadmap for other developing countries in their pursuit of

digitalisation and climate adaptation.

3. Research Limitations and Future Directions

Although this study has provided strong empirical support for policy synergy, three deficiencies in

future research have also been found.

First, due to data limitations in municipal statistics, our empirical results focus on industrial SO2

emission intensity and aggregate energy intensity per unit of GDP. Future research will use plant-

level carbon continuous emission monitoring systems (CEMS) and firm-level ESG disclosures to

observe micro-level behavioural changes.

Second, although our Bootstrap mediation decomposition addresses circularity by separating

pollutant reduction from process innovation, mediation in observational DID designs is still

susceptible to post-treatment confounding. Future work will use structural equation models and

instrumental variables to achieve strict point identification of causal mediation paths.

Third, our analysis is carried out at the prefecture-level of division. With the development of high-

resolution satellite remote sensing and grid-level emission data, research on neighborhood- and

industrial-park-level spatial spillovers has gradually entered the field of digital-green policy studies.
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Rural spatial development is a complex process of change affecting the socioeconomic,
demographic, infrastructural, and environmental parameters of rural areas, influenced by both
internal and external factors. In today's context, characterized by globalization, urbanization,
digital economic transformation, and increasing interregional competition, ensuring the
sustainable development of rural areas is particularly important. They not only serve as the state's
agricultural production foundation but also form an important component of the national spatial
framework, contributing to strengthening food security and preserving human potential, natural
resources, and cultural and historical values.

Currently, one of the most noticeable trends is the increasing spatial differentiation of rural
areas. On the one hand, leading regions are developing, actively involved in agglomeration
processes and integrated into global production and distribution chains. On the other hand,
depressed peripheral areas, characterized by declining business activity and limited development
opportunities, persist and expand.

Uneven development manifests itself in differences in income levels, investment
attractiveness, infrastructure provision, accessibility of social services, demographic indicators,
and the level of digitalization. As a result, modern rural space is characterized by a high degree of
heterogeneity, within which rapidly developing suburban areas, agro-industrial centers, and
lagging peripheral territories are distinguished. The main factors of polarization are presented in
Figure 1.
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Figure 1 —Main factors of rural polarization
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The institutional approach interprets rural areas as a system of interacting formal and
informal institutions. The effectiveness of spatial development is determined not only by
economic resources but also by the quality of the institutional environment, the level of
cooperation between economic entities, and the ability of territories to adapt to external changes.

In modern economic research, infrastructure is viewed not only as the set of physical assets
that support the functioning of an economic system, but also as a system-forming factor in the
spatial development of territories. In the context of rural areas, its role is particularly significant,
as the level and quality of infrastructure largely determines settlement patterns, the specialization
of economic activity, investment attractiveness, and social sustainability of rural communities.

From a theoretical perspective, infrastructure is interpreted within several academic
approaches. First, in the neoclassical paradigm, it acts as a factor of production, reducing
transaction and transportation costs and contributing to increased productivity of capital and
labor. Second, the institutional approach emphasizes infrastructure as an element of the
institutional environment, providing access to markets, information, and public goods. Third,
within the framework of spatial development theory and new economic geography, infrastructure
is viewed as a key determinant of the location of economic activity, influencing agglomeration
effects, territorial differentiation, and the formation of core-periphery patterns.

Rural areas are highly sensitive to infrastructure constraints. Underdeveloped transport,
engineering, social, and digital infrastructure leads to the isolation of rural communities, limits the
mobility of people and resources, and reduces access to basic services and markets. This results in
persistent disparities in socioeconomic development between rural and urban areas.

Methodologically, the analysis of infrastructure in the spatial development of rural areas
requires a comprehensive approach, including:

— a systematic consideration of infrastructure as an interconnected complex of
subsystems (transport, energy, social, institutional);

— taking into account spatial heterogeneity and territorial differentiation;

— use of quantitative and qualitative assessment methods (infrastructure provision
indices, service availability indicators, network connectivity analysis);
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—integration of macro- and micro-level analysis (from national policy to local management
practices).

Of particular importance is the concept of accessibility, which reflects not only the
availability of infrastructure facilities, but also the actual possibility of their use by the population
and business entities. In this context, infrastructure becomes a tool for overcoming spatial
inequality and ensuring inclusive development of rural areas.

In general, infrastructure is the aggregate of industries, facilities, and institutional
mechanisms that support the functioning and development of the economy, the livelihoods of the
population, and the spatial connectivity of territories. In an economic sense, it serves a supporting
function, reducing interaction costs (transport, information, transaction, and others) and
increasing the efficiency of the deployment of productive forces. Modern research views
infrastructure not as an auxiliary element of the economy, but as an independent factor in
economic growth, territorial connectivity, and increased regional competitiveness. The main ones
are presented in Figure 2.

Figure 2 — Main types of infrastructure
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In the context of rural areas, the balanced development of all of the above types of
infrastructure is of key importance, since their imbalances directly impact spatial inequality,
migration processes, and economic activity.

The existence of various conceptual approaches to rural infrastructure development
reflects its multi-tasking and diverse functional nature. The main approaches are presented in

Figure 3.
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Figure 3 — Conceptual approaches to the development of rural infrastructure
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Based on a generalization of conceptual approaches to the development of rural
infrastructure, S.S. Fedoseeva proposes to consider "rural infrastructure as a complex of objects,
structures, conditions and factors that ensure and facilitate reproduction processes in the
economy of municipalities and rural settlements, influencing spatial development and satisfying
the growing social needs of the agricultural population" [3]. Thus, this clarified concept reflects:
"Firstly, that rural infrastructure is directly involved in the processes of social reproduction,
secondly, it has a clearly expressed spatial aspect, and thirdly, it is an integral component of the
development of inter-sectoral and inter-territorial interaction" [3].

The importance of infrastructure for the spatial development of rural areas is determined
by its ability to perform a number of key functions (Figure 4).
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Figure 4 — Main functions of infrastructure for spatial development of rural areas

( )

Spatial connectivity of
territories

Economic development of
territories

Main functions of 4 y,
infrastructure

Access of the population to
basic services

Reducing spatial
differentiation of territories

Compiled by the authors based on the source [2]

First, infrastructure ensures spatial connectivity between territories. Transport links, road
networks, communication facilities, and digital technologies help reduce economic distances
between rural settlements and economic centers. The greater the level of transport accessibility
of a territory, the greater the opportunities for rural residents to find employment, receive
education, access healthcare, and access markets for their products.

Secondly, infrastructure facilitates the economic development of rural areas. The
availability of high-quality roads, utility networks, power supply systems, and telecommunications
reduces business costs and creates favorable conditions for attracting investment. Areas with well-
developed infrastructure have greater potential for developing agricultural production, processing
industries, rural tourism, and small businesses.

Third, infrastructure fulfills a social function, ensuring access to basic services. The
development of educational, healthcare, cultural, sports, and social services institutions has a
direct impact on the quality of life of the rural population. Insufficient social infrastructure often
leads to migration to cities, especially among young people and skilled professionals.

Fourth, infrastructure helps reduce spatial differentiation between territories. One of the
key objectives of state regional policy is to reduce disparities in socioeconomic development
between urban and rural areas. The development of transport, engineering, and social
infrastructure helps reduce infrastructural inequality and ensure more equal access to public
goods for the population, regardless of place of residence.

Infrastructure is a key condition for the sustainable development of rural areas, ensuring
the interconnectedness of economic, social, and environmental processes. The concept of
sustainable rural development envisions a long-term balance between economic growth, social
stability, and environmental conservation while maintaining the vitality of rural spaces. In this
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framework, infrastructure is not simply a service sector, but a key system-forming factor,
determining a region's ability to self-reproduce and adapt to external changes. Its development
forms the basis for improving the quality of life, diversifying the rural economy, reducing spatial
inequality, and strengthening the resilience of regions to external challenges.

Key aspects of considering infrastructure as a condition for sustainable development of
rural areas:

— Infrastructure plays a special role in ensuring sustainable development, as it forms the
basic conditions for the functioning of all components of sustainable development. Specifically,
the economic subsystem relies on transport, energy, communications, and logistics; the social
subsystem depends on access to education, healthcare, and services; and the environmental
subsystem is linked to engineering and environmental infrastructure. Therefore, infrastructure
serves as the link between the economy, society, and the natural environment.

— Infrastructure reduces transaction and transport costs, which is especially important for
rural areas with their spatial sparseness. Developed infrastructure enhances the competitiveness
of agriculture, diversifies the rural economy (processing, services, tourism), attracts private
investment, creates sustainable markets for products, and integrates rural areas into regional and
national value chains. Conversely, a lack of infrastructure perpetuates raw materials specialization
and increases dependence on external centers.

— The social resilience of rural areas directly depends on the availability of basic
infrastructure services. Infrastructure development improves access to healthcare and education,
reduces migration outflow (especially among young people), strengthens human capital, creates
resilient local communities, and reduces spatial inequalities in access to services. Digital
infrastructure, which compensates for geographic remoteness through distance education,
telemedicine, and electronic government services, is particularly important in today's
environment.

— Infrastructure has a significant impact on the environmental health of rural areas. On
the one hand, engineering and transport infrastructure can create environmental burdens
(emissions, pollution, land degradation). On the other hand, the development of environmental
infrastructure helps reduce these negative impacts. Particular importance is given to water
treatment and wastewater disposal systems, solid waste management, energy-saving
technologies, the development of green energy, and environmental monitoring of territories. In a
sustainable development model, infrastructure should minimize environmental risks and ensure
the rational use of natural resources.

— Spatial sustainability implies balanced territorial development and the reduction of
excessive population and resource concentration in certain centers. Infrastructure forms the
supporting framework for settlement, ensures connectivity between peripheral and central areas,
reduces the effect of "geographical isolation”, and supports the viability of small rural
communities. The role of transport and digital infrastructure is particularly important, as they
reduce the distance effect and expand economic opportunities in rural areas.

— Modern approaches to sustainable development also include the ability of territories to
adapt to economic, climate, and demographic crises. Infrastructure enhances resilience through
reliable energy and water supplies, accessible food and logistics chains, digital connectivity and
remote management, and flexible labor and service markets.

Thus, the spatial development of rural areas is a crucial area of modern regional policy and
strategic management, determining the long-term sustainability of the national economy and the
territorial integrity of the state. Infrastructure is a factor in territorial sustainability. In today's
environment, the comprehensive and balanced development of transport, engineering, social,
digital, and environmental infrastructure is becoming the primary mechanism for ensuring a
sustainable future for rural areas.
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In general, the spatial development of rural areas represents a process of transformation
of the socio-economic space, accompanied by changes in the settlement pattern, the distribution
of productive forces, the level of economic activity, and the quality of life of the population.
Infrastructure is a key factor determining the direction and intensity of these processes. It creates
the conditions for economic functioning, ensures the territorial cohesion of settlements, and
facilitates the integration of rural areas into the regional and national economic space.

This research is funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. Ne AP26102165).

References:

1. Krasil'nikova L.E., Fedoseeva S.S., Balandin D.A. Prostranstvenno-otraslevoe razvitie
sel'skih territorij v uslovijah sovremennoj jekonomicheskoj neopredelennosti: analiz, dinamika,
prognozy. — Perm': Prokrost, 2022. — 143 s.

2. Balandin D.A. Teoreticheskie aspekty razvitija infrastruktury sel'skih territorij // Journal
of Economic Theory. — 2018. — Vol. 15. — Ne 3. — P. 442-448.

3. Fedoseeva S.S. Prostranstvennoe razvitie infrastruktury sel'skih territorij: teoretiko-
metodologicheskij analiz // ZabGU Bulletin. — Vol. 28. —No7. - P. 115-122.

4. Ilvanova A.A., Jurova P.N., Smyslova O.Ju. Prostranstvennoe razvitie sel'skih territorij:
infrastrukturno-otraslevoj aspekt // Economics and Management Congress: a collection of
scientific papers based on the results of the international scientific and practical comprehensive
event. — Belgorod, 2023. — P. 299-302.

5. Biushkin 1.V., Lukushin V.G., Belkina E.N., Gusev D.A. Analiz jekonomicheskogo razvitija
sel'skih territorij Krasnodarskogo kraja // Natural sciences and humanities research. — 2024. — Ne
5(55). — P. 63-66.

6. Spanova B.K. Functioning and development of social infrastructure in rural areas //
Bulletin of the Karaganda University. Series Economics. — 2018. —Vol. 90. — No. 2. — P. 73-80.

7. Tleuberdinova A.T., Kulik K.V., Kulik V.B. Infrastructure provision and tourism
development in rural areas of Kazakhstan: problems and prospects // Central Asian Economic
Review.—2022.—-Vol. 1. —No. 142. - P. 17-29.

8. Imashev E.Zh., Galimov M.A,, Iskaliyev D.Zh. Territorial and sectoral development of the
social and industrial infrastructure of the West Kazakhstan region // Journal of Geography &
Environmental Management. —2021. —Vol. 61. — No. 2. - P. 4-18.



Proceedings of the 14th International Scientific Conference

Philological Sciences

MILLI V@ BEYNSLXALQ TOHSIL
STANDARTLARININ MUBLLIM HAZIRLIGINA
TOSIRI
Rafiyeva Xuraman oli qizi

Bas musallim, Azarbaycan Ddévlet Pedaqoji Universitetinin Saki filial, Orcid 0000-0001-
9887-4619
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Girig

Dinyada tahsilin keyfiyyatinin yiksaldilmasi va insan kapitalinin inkisafi dovlatlarin
prioritet istigamatlarindan birina ¢evrilmisdir. Bu baximdan muallim hazirhgi sistemi miasir tahsil
siyasatinin asas tarkib hissasi hesab olunur. Musallim pesasinin mazmunu va mahiyyati yalniz
pedaqoji bilik va bacariglarla mahdudlasmir, eyni zamanda milli va beynalxalg standartlarin
muayyan etdiyi pesakar kompetensiyalarin manimsanilmasini da shata edir. Tahsil sahasinda
aparilan islahatlarin ugurlu natica vermasi, ilk ndvbada, miallim hazirligi sisteminin beynalxalg
taleblara uygun qurulmasindan va milli dayarlarin gorunmasindan asilidir. Miasir dévrdas tahsil
standartlari yalniz tadrisin mazmununu deyil, ham da musllimlarin pesa hazirligini, etik davranis
normalarini, kommunikativ bacariglarini, regamsal saristalerini va inkliziv tahsil mihitinda
foaliyyat imkanlarint  miayyanlasdirir.  Milli  tahsil standartlart  6lkanin  sosial-madani
xUsusiyyatlarini va dovlat siyasatini aks etdirdiyi halda, beynalxalg standartlar global tahsil
makaninda vahid keyfiyyat gostaricilarinin formalasdirilmasina xidmat edir. Magalanin magsadi
milli va beynalxalg tahsil standartlarinin muallim hazirligl sistemina tasirini tahlil etmak, bu
standartlarin pedaqoji kadrlarin pesakar inkisafinda rolunu muayyanlasdirmak va onlarin tahsil
sivasatindaki shamiyyatini arasdirmagdan ibaratdir.

Milli tahsil standartlari dovlatin tahsil siyasatinin asas istigamatlarini miayyanlasdiran
normativ-hliqugi sanadlar sistemidir. Bu standartlar musllim hazirig§inin - mazmununun
formalasdiriimasinda, pesa faaliyyatinin giymatlandirilmasinda va tadrisin keyfiyyatinin tamin
edilmasinde mihim rol oynayir. Azarbaycan Respublikasinda tahsil sahasinda hayata kecirilan
islahatlarin asas magsadlarindan biri kompetensiya asasl tahsil modelinin tatbig edilmasidir. Bu
baximdan muallim hazirligi sisteminda da ciddi yeniliklar hayata kecirilmisdir. Mallimlarin yalniz
fann biliklarina malik olmalari kifayat hesab edilmir, onlarin pedagoji, metodik, kommunikativ va
regamsal bacariglarinin inkisaf etdirilmasi prioritet istigamat kimi miayyanlasdirilmisdir.

Milli tahsil standartlari asagidaki istigamatlar Uzra muallim hazirligina tasir gostarir:
- pesakar kompetensiyalarin formalasdiriimasi;
- pedaqoji faaliyystin keyfiyyat gostaricilarinin miayyanlasdirilmasi;
- kurikulum asasli tahsil modelinin tatbigqi;
- davamli pesakar inkisaf sisteminin qurulmasi;
- muallimlarin attestasiyasi va sertifikatlasdirilmasi proseslarinin takmillasdirilmasi.

Muasir maallim yalniz bilik 6tlran saxs deyil, ham da sagirdydnimli talim prosesini taskil

edan fasilitator funksiyasini yerina yetirir. Buna gora da milli standartlarda muallimlarin yaradici
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disinca, tanqgidi tafakklr, problem halli va informasiya-kommunikasiya texnologiyalarindan
istifade bacariglarinin inkisaf etdirilmasi miUhim yer tutur. Azarbaycan Respublikasinin tahsil
strategiyasinda mdusallim hazirligina dair muiayyan edilmis asas prinsiplar sirasinda tahsilin
keyfiyyatinin yUksaldilmasi, beynalxalg tacribanin tatbigi ve mduasir talim metodlarinin
manimsanilmasi xisusi shamiyyat kasb edir. Bu istigamatds pedaqoji ali tahsil miassisalarinin
tadris programlarinin mitamadi olarag yenilanmasi zaruri hesab edilir. Beynalxalg tahsil,
standartlari va muallim hazirliginin global saviyyada inkisaf istigamatlarini miayyanlasdiran asas
mevyarlardan biridir. inkisaf etmis 6lkalarin tacriibasi gdstarir ki, tahsilin keyfiyyati birbasa muallim
hazirhginin saviyyasindan asilidir. Beynalxalg standartlarin asas magsadi muxtalif dlkalarin tahsil
sistemlari arasinda keyfiyyat gdstaricilarinin uygunlasdiriimasi va muallimlarin pesakar mobilliyinin
artinlmasidir.  Bu standartlar musllimlarin yalniz nazeri biliklara deyil, praktik faaliyyat
bacariglarina, innovativ yanasmalara va tadgigat kompetensiyalarina da malik olmalarini talab
edir.

Musallim hazirliginda beynalxalg yanasmalar asagidaki prinsiplara asaslanir:

- kompetensiya asasl tahsil modeli;

- dmurboyu tahsil konsepsiyasi;

- inklGziv tahsil muhitinin tamin olunmasi;

- ragamsal transformasiya va texnologiyalarin tatbiqi;
- praktik hazirhgin gticlandirilmasi;

- davamli pesakar inkisafin taskili.

Bir cox olkalarda musallim hazirligi programlarinin hazirlanmasinda beynalxalg keyfiyyast
standartlarindan istifada edilir. MUasir yanasmalar muallimin takca tadris faaliyyati ila deyil, ham
do tadgiqgatcilig, liderlik va innovativ layihalerin hayata kecirilmasi sahasinda bacariglarinin
formalasdirilmasini nazards tutur. Beynalxalg standartlarin tatbigi mdallimlarin global amak
bazarina inteqgrasiyasini asanlasdirmagla vyanasi, onlarin pesakar inkisaf imkanlarini da
genislandirir. Bu baximdan muallim hazirligi programlarinda xarici dil bacariglarinin, akademik
mobilliyin va beynalxalg layihalarda istirak imkanlarinin artirilmasi mihim shamiyyat dasiyir.
Tahsil siyasati dovlatin insan kapitalinin inkisafina yonalmis uzunmiddatli strategiyasinin tarkib
hissasidir. MUallim hazirli§i sisteminin inkisafi isa bu siyasatin hayata kecirilmasinda aparici rol
oynayir.

MUasir tahsil siyasatinin asas istigamatlari asagidakilardan ibaratdir:
1. MUallim pesasinin ndfuzunun artirilmasi;
2. Pesakar kompetensiyalarin inkisaf etdirilmasi;
3. Tahsilda keyfiyyat taminati mexanizmlarinin takmillasdirilmasi;
4. Beynalxalg amakdashgin genislandirilmasi;
5. Inkliiziv va ragemsal tahsil mihitinin formalasdiriimasi;
6. Muallimlarin davamli pesakar inkisafinin tamin edilmasi.
Mdallim hazirliginin modernlasdiriimasi yalniz ali pedaqoji tahsil mtassisalarinin vazifasi deyil. Bu
proses dovlat qurumlari, tahsil muassisalari va beynalxalq taskilatlarin birga faaliyystini talab edir.
Tahsil siyasatinin samarali hayata kecirilmasi muallimlarin pesakar inkisaf programlarinda faal
istirakini va innovativ yanasmalarin tatbigini zaruri edir. Mduasir muallim hazirliginda
tacribayonimlid tahsil modeli mihim shamiyyat kasb edir. Pedaqoji tacribanin hacminin
artirllmasi, maktab-universitet amakdasliginin genislandirilmasi va mentorlug sisteminin inkisaf
etdiriimasi musallim hazirhgiin keyfiyyatinin yiksaldilmasine musbat tasir gostarir. Milli ve
beynalxalg standartlarin garsiligl integrasiyasi maallim hazirliginin inkisafinda mihim rol oynayir.
Bu integrasiya ham milli dayarlerin gorunmasina, ham da beynalxalg tacribanin
manimsanilmasina sarait yaradir.
inteqrasiya prosesinin asas Ustiinliklari asagidakilardir:
- maallim hazirhginin keyfiyyatinin yiksaldilmasi;
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- beynalxalg ragabat gabiliyyatinin artiriimasi;

- innovativ tadris metodlarinin tatbiqi;

- tahsil mlassisalari arasinda amakdashgin inkisaf etdirilmasi;

- muallimlarin pesakar mobilliyinin genislandirilmasi;

- global tahsil tendensiyalarina uygunlasmanin tamin olunmasi.

Muasir dovrda muallim hazirligi sisteminin inkisafl G¢ctn milli standartlarin beynalxalg keyfiyyat
meyarlariila uygunlasdirilmasi xtsusi shamiyyat kasb edir. Bununla yanasi, milli-manavi dayarlarin
va tahsil ananalarinin gorunmasi da diggat markazinda saxlaniimalidir. Regamsal texnologiyalarin
inkisafi musllim hazirhgina vyeni talablar formalasdirmisdir. Artig musllimlarin  ragamsal
kompetensiyalari beynalxalg standartlarin mihim tarkib hissasina cevrilmisdir. Elektron tahsil
platformalarindan istifads, sini intellekt texnologiyalarinin tatbigi va hibrid talim modellarinin
manimsanilmasi maasir muallim hazirliginin asas istigamatlarindandir. Milli va beynalxalq tahsil
standartlari musllim kompetensiyalarinin formalasdiriimasina birbasa tasir gostarir.

Muasir muallim asagidaki kompetensiyalara malik olmalidir:

- pedaqoji kompetensiya;

- metodik kompetensiya;

- kommunikativ kompetensiya;

- ragamsal kompetensiya;

- sosial-emosional kompetensiya;

- inklUziv tahsil kompetensiyasi;

- etik va hliqugi kompetensiya;

- tadgigatcilig kompetensiyasi.

Kompetensiya asasli yanasma mdallim hazirhginin mazmununun vyenilanmasini va praktik
foaliyysta istigamatlandirilmasini talab edir. Bu baximdan mdusallimlarin pesakar inkisaf
programlarinin  beynalxalg standartlara uygunlasdirilmasi  tahsil sisteminin  keyfiyyat
gostaricilarinin yuksaldilmasina muhim tohfs verir. Miallim hazirliginda beynalxalg tacribanin
oyranilmasi va tatbigi milli tahsil sisteminin inkisaf imkanlarini genislandirir. Eyni zamanda,
musallimlarin pesakar faaliyyatinin giymatlandirilmasi meyarlarinin takmillasdirilmasi va onlarin
davamli inkisafinin stimullasdiriilmasini tahsil siyasatinin asas prioritetlarindan biri kimi hesab
etmak olar.

Musallim nifuzu tekcs tadris prosesinin samaraliliyina deyil, ham da sagirdlarin saxsiyyat kimi
formalasmasina mihum tasir gostarir. Psixoloq ve pedaqoglarin fikrinca, maktab yasi dovrinda
usaglarin manavi dayarlarinin formalasmasinda muallimin rolu avazsizdir. Sagird muallimi yalniz
bilik manbayi kimi deyil, ham da davranis modeli kimi gabul edir. Bu baximdan muallimin pesakar
va etik davranisi onun ntfuzunun asas gostaricilarindan hesab olunur. Musllimin adalatli va
obyektiv minasibsti sagirdlarde masuliyyst, amaksevarlik va 6zlnainam kimi keyfiyyatlarin
formalasmasina musbat tasir gdstarir. Nifuz sahibi olan misallim sagirdlarini daim inkisaf etmaya
havaslandirir va onlarin yaradicilig potensialinin (za ¢ixmasina sarait yaradir. Misllimla sagird
arasinda garsiligh hérmata asaslanan minasibatlar tahsilin keyfiyyatinin ylksaldilmasinda mihim
amillardan biridir.

Dinyanin inkisaf etmis 6lkalarinin tahsil sistemlari gostarir ki, miallim pesasina yiksak
ictimai dayar verilan dlkalarda tahsilin keyfiyyati da ylksak olur. Mallim pesasinin ntfuzu hamin
Olkalarda dovlst siyasatinin mihim istigamatlarindan birini taskil edir. MUallimlarin pesakar
inkisafina gostarilan diggat, onlarin sosial midafissinin glclandiriimasi va cemiyyatda yiksak
movge tutmalari bu pesays maragin artmasina sabab olur. Beynalxalg tacriiba onu da gostarir ki,
muallim nifuzu yalniz maddi teminatla dl¢tlmir. Muallima gdstarilan ictimai hérmat, onun
pesakar mistagqilliyinin gorunmasi va tahsil siyasatinds muallim amilina xtsusi 6nam verilmasi da
mUhUm shamiyyat kasb edir. Bu baximdan Azarbaycan tahsil sisteminda da miallim pesasinin
ndfuzunun artiriimasi istigamatinda hayata kecirilan islahatlar mihim naticalar vermakdadir.



«Reviews of Modern Science» (September 3-4, 2026). Zlrich, Switzerland

Ragamsal texnologiyalarin siratli inkisafi muallim pesasi garsisinda yeni vazifalar muiayyan
etmisdir. Mdasir musallim vyalniz fann biliyine malik olmamali, eyni zamanda informasiya-
kommunikasiya texnologiyalarindan samarali istifada etmayi bacarmalidir. Sagirdlarin ragamsal
dinyada daha faal olmasi muallimdan daim yenilanmayi va pesakar inkisafl talab edir. Sosial
sabakalarin genis yayillmasi miallim nifuzunun formalasmasina ham misbat, ham da manfi tasir
gbstara bilar. MUallimin ictimai davranisi va pess etikasi ragamsal muhitde da gorunmalidir. Bu
sababdan musallimlarin ragamsal etik davranis gaydalarina riayat etmasi onlarin pesakar
ndfuzunun muhidm tarkib hissasina cevrilmisdir. Mallim ntfuzunun gorunmasi tgiin maktab, aila
va camiyyat arasinda samearali amakdasliq munasibatlarinin qurulmasi vacibdir. Muallima
hormatin formalasdiriimasi galacak nasillarin saglam manavi dayarlar asasinda terbiya olunmasina
xidmat edir. Unutmagqg olmaz ki, miallima verilan dayar 6lkanin galacayina goyulan an giymatli
sarmayalardan biridir.

Natica

Milli va beynalxalqg tahsil standartlari misallim hazirliginin mazmununun formalasdiriimasinda va
tahsilin  keyfiyyatinin yliksaldiimasinde muhim rol oynayir. Muasir tahsil siyasati muallim
hazirhginin kompetensiya asasli yanasmalar asasinda qurulmasini, beynalxalq tacribanin tatbigini
va davamli pesakar inkisaf mexanizmlarinin takmillasdirilmasini talab edir. Milli standartlar
muallim hazirliginin 6lkanin sosial-madani xUsusiyyatlarine uygun taskilini tamin etdiyi halda,
beynalxalg standartlar global keyfiyyat meyarlarinin tatbigina imkan yaradir. Bu iki istigamatin
integrasiyasi musallimlarin pesakar hazirliginin yiksaldilmasins, innovativ tadris metodlarinin genis
tatbigina va tahsil sisteminin beynalxalg ragabat gabiliyystinin artirilmasina xidmat edir. MUasir
dovrda muallim hazirhig sisteminin inkisafi Ggln tahsil siyasatinin beynalxalg standartlara uygun
sokilda takmillasdiriimasi, ragemsal va inkllziv tshsil muhitinin formalasdiriimasi, elaca da
musallimlarin davamli pesakar inkisaf imkanlarinin genislandirilmasi zaruri istigamatlar kimi 6z
aktualligini gorumaqdadir.

Natica etibarila geyd etmak olar ki, miallim nifuzu yalniz bir saxsin gazandigl hormat deyil,
batovlikdas tahsil sisteminin keyfiyyat gostaricilarindan biridir. Mlallima verilan dayar va onun
pesakar inkisafina gostarilan diggat camiyyatin galacayina goyulan an mihim investisiyalardan
hesab edilmalidir. Miallim nifuzunun gorunmasi va yiksaldilmasi istigamatinda hayata kecirilan
tadbirlar galacak nasillarin daha saglam manavi dayarlar asasinda formalasmasina va 6lkanin
davamli inkisafina xidmat edacakdir.
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Abstract

The article is devoted to national-historical consciousness as one of the most vital concepts
in shaping national identity. Historical time serves both as a condition for the formation and a key
characteristic of historical consciousness, with its specific features identified in the contemporary
era. Particular emphasis is placed on the socio-philosophical aspects of the problem as a symptom
of modern cultural development and the influence of various spiritual factors. An attempt is made
to outline the main reference points for identifying this phenomenon and defining its differences
from the related phenomenon of mentality.

Keywords: national identity, globalization, worldview, independence, historical
consciousness, perception of the world, picture of the world, historical time.

The emergence of various social problems in recent years is closely linked to the national
worldview of a given country. National identity is formed at various levels. Thus, "the people
contribute to the formation of national myth-making primarily through the contents of their
unconscious—the experience of previous generations captured in symbols; the elite contributes
a conceptual vision of the entire mythological construct; and the play of images manifests as
political advertising and national ritual. A stably reproduced mythology becomes national
identity."

Under the conditions of globalization and the civilizational challenges of the 21st century,
when forecasting future development models for both individual countries and the world as a
whole, a crucial role is assigned to the spiritual and ideological component of social development.
Domestic and global experience makes it possible to revive the values and ideals of preceding
generations, which is particularly relevant today in light of the problems of humanizing society.
Morality and spirituality, along with knowledge of the history, culture, language, and traditions of
a people, genuinely enrich a person internally and motivate them toward new heights, creative
activity, and a meaningful life. The source of spirituality lies in the wisdom of centuries and
generations, as well as the instructive experience of bright historical examples and figures. For the
new generation, it is always important to realize that only knowledge, high aspirations and goals,
and a meaningful life-guiding idea spiritualize a person, rendering them beautiful both internally
and externally. A modernizing breakthrough for a country and a nation requires a qualitative
transformation of social consciousness, as well as the development of civil society and civic
engagement.

The values of independence and the historical consciousness of Kazakhstanis:
Independence is truly a special page in the history of the state and nation, the realization of the
Kazakh people's centuries-old dream. The acquisition of state sovereignty is the culmination of the
struggles, aspirations, and hopes of previous generations. The Head of State plays a significant role
in shaping the identity and historical consciousness of Kazakhstanis, as well as nationwide values.
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Today, in the era of globalization, humanity faces a choice once again: either to yield
entirely to globalization processes and adopt foreign values, or to strive to preserve its own, since
at the informational stage of globalization, the preservation of national identity comes to the fore.

In this regard, the issues of national identity and national interest under globalization are
at the center of attention for both researchers and policymakers in the contemporary world.
Global transformations of modern humanity at the turn of the century are characterized by the
emergence of new benchmarks and values. New global ideas regarding the global economy,
cultural integration, and related phenomena are gaining urgency.

The more deeply globalization processes penetrate national cultures, the more actively
peoples strive to protect such intrinsic components as culture, traditions, language, and religion.
In other words, during periods of global transformation, issues of national identity intensify, driven
by the desire of nations to preserve their distinctiveness, achieve self-determination in the
modern world, and defend and maintain their identity. The reality is that the inevitable processes
of globalization, breaking into centuries-old patterns of national cultures, often lead to interethnic
and interreligious tensions, which frequently escalate into conflicts accompanied by human
casualties.

In modern political literature, there are numerous definitions of identity. Identity (from the
Latin identifico — 'l identify') is understood as an action, a process of relating an object (subject)
to others, identifying common or specific features and traits, or the self-identification of an
individual with another person, group, model, or ideal—in our case, with a specific nation. In other
words, an element of national identity is a certain meaningful integrity perceived as a
characteristic of the nation. It is precisely this integrity that holds the entire structure together. It
is impossible to alter identity without changing its main core idea. Conversely, no identity can
withstand the erosion of its 'core idea.' The concept of identity became one of the central subjects
in the research of E. Erikson. In his view, a decisive role in shaping identity is played by an
individual's relationship to their social environment. Throughout this process, personal
characteristics and a growing diversity of social experience—including evaluations and recognition
by others—develop through cultural means that the individual draws from the cultural repertoire
of their social circle, thereby becoming similar to its other members while simultaneously
preserving their unique individuality.

National identity develops through historical changes, representing a specific stage in the
growth of national self-consciousness. It can be stated that identity is a relatively closed system of
views; hence, on one hand, it is quite stable, but on the other hand, the dynamic development of
its environment (which encompasses the internal and external life of the nation) leads to certain
shifts within this system. The connections between the elements of identity are very strong;
therefore, replacing one element with a new one creates a need for substantial adjustment, if not
complete replacement, of the identity system itself.

When examining the problem of national identity, we must rely on philosophical
methodology, without which it is virtually impossible to analyze this issue deeply and
comprehensively.

In this context, the concept of national identity can be examined from two aspects:

1) From a philosophical-anthropological perspective, as a process of realizing one's belonging to
a specific nation and national culture;

2) As an understanding of national characteristics as an imperative in determining the historical
path of a nation's development. In our view, such an approach allows us to examine the issues of
globalization, which initially encompassed mainly the economic and political spheres, and has
now extended to culture as well.

In the West, there is a widespread view that the cultural diversity of peoples is rapidly
disappearing due to the formation of a shared, West-oriented global culture. In this context,
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globalization is viewed as integration in the realm of culture, wherein Western culture—and the
English language as its carrier—is assigned a special role as a unifying link and a cementing force.

The possibility of unifying diverse cultures into a single global culture is rejected by some
Western and many Eastern scholars, who present various arguments to support their view. The
American scholar S. Huntington, who studied the existing contradictions between different
civilizations, concluded that 'in Islamic, Confucian, Japanese, Hindu, Buddhist, and Orthodox
cultures, Western ideas such as individualism, liberalism, constitutionalism, human rights,
equality, liberty, the rule of law, democracy, free markets, and the separation of church and state
find almost no resonance.' Western concepts and ideas are fundamentally different from those
inherent to other civilizations. The idea of a universal civilization is a Western idea, S. Huntington
writes. Representatives of the intelligentsia—not only among small nations but also among large
ones—speak of the real threat of losing cultural identity as a result of globalization. At the present
stage, for smaller nations, the question is not whether it makes sense to make efforts to preserve
their national and cultural identity, but that it is imperative to safeguard the heritage received
from ancestors who managed to preserve it over centuries.

In this connection, the conclusion of T.P. Grigorieva appears valuable: 'A people is obligated
to preserve its national heritage, for only in doing so can it contribute something unique to the
treasury of nations, without which world unity is impossible. In this, rather than in being "like
everyone else," lies its international duty. Whoever forgets this not only infringes upon the
national feelings of another people but also damages themselves, for they renounce what belongs
toall.

Cultural features and differences are more conservative and less susceptible to change
than economic and political ones. At the core of cultural differences lie history, language,
traditions, and religion.

According to the American scholar S. Huntington, in the emerging world, the primary
source of conflict will be neither ideology nor economics, but cultural and religious differences:
'The principal conflicts of global politics will occur between nations and groups belonging to
different civilizations. The clash of civilizations will dominate global politics.'

The causes of many conflicts in the past and present have been religious and ethnic
differences, stemming from the fact that one of the main dividing principles between people and
nations is not so much ethnicity as religious differences. Religion itself, on one hand, serves as a
factor that hinders ethnic assimilation and, consequently, contributes to the preservation of
cultural identity.

The process of cultural interaction among peoples is an integral part of cultural
globalization. However, the intensification of interaction among nations cannot erase the existing
differences between them. Furthermore, these persistent differences should not be viewed as
grounds for conflict.

The process of interethnic interaction of cultures, wherein national cultural differences are
not mutually exclusive but complementary, represents a historical trend of progressive
significance. This process consists in the continuous engagement of all humanity with the most
progressive cultural innovations.

As a result of studying global and national elements in the cultures of various peoples, the
Russian scholar S.A. Arutyunov concluded that 'up to a certain point, global culture is perceived as
prestigious; however, upon reaching a certain saturation level, it loses this quality, and national
traits or "folklorisms" once again become a mark of prestige."'
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A return to national culture, according to the Russian scholar V.K. Sokolova, should occur
not only through a more successful mastery of one's native language, but also through the
preservation and study of national traditions, including those concentrated in calendar and family
rites and customes.
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The contemporary literary landscape of Kazakhstan is unimaginable without active
participation of women writers and poetesses.

Women's prose is noticeably different from men's. Its main characteristic is a worldview
which is different from men’s. In prose written by women, the author pays more attention to
family values, the contrast between childhood and adulthood, and concepts of home, love, and
fidelity. The personal lives of the characters, rather than their social activism, are emphasized.
Contemporary women's prose is far from the simmering political passions, social controversies,
and disputes. It is characterized by profound psychological insight. Books by female writers are
always a fascinating journey through the unknown realm of the soul.

Contemporary women's prose is a prose about life. In contemporary women's prose, the
plot is based on everyday stories that can happen to absolutely anyone. The distinctive features
of women's prose lie not in overcoming the described situation, but in the lessons that the
characters learn from it. Together with them, the reader also comes to conclusions and becomes
involved into the action. Therefore, women's prose is often classified as everyday life works with
philosophical digressions.

A prominent representative of women's prose in Kazakhstan is the Tatar writer and poet
Roza Akhtyamova. Her lyric poetry and prose are published in magazines in Moscow and St.
Petersburg, the CIS republics, and, of course, Kazakhstan, and always evoke not just involuntary
attention but also a profound admiration for the author's talent and spiritual fortitude. Her works
contribute to purification of the soul of our contemporary people, appealing to the moral
conscience and awakening the seeds of everyday human kindness, nobility, and thoughtfulness.

R. Akhtyamova is also a literary translator, working exclusively with original texts, not
interlinear translations. The book "Fates and Judges" (1997) includes prose, poetry, and literary
translations from Tatar, Kazakh, Turkish, and German. In the Preface, V. Badikov writes: "The book
reveals a great and sometimes tragic truth in the life of our contemporary, because the author
never deviated from his main goal — always be needed by people" [1, p. 3]. It should be noted that
R. Akhtyamova truly possesses a strong character and spiritual fortitude, since, having lost her
sight in childhood, she leads an active creative life.

With her unique vision, R. Akhtyamova sees what we don't — how human destinies are
broken all around us. Such is her book "Little Country". This prose tells the story of the lives of
blind people and their difficult fates. It should be particularly noted that her short stories, which
explore the cruelty and indifference that healthy people often show toward the disabled and
terminally ill people. The characters of these novels die in teenage years due to the indifferent
society. One of the poetess's creativity pinnacles is her highly dramatic essay about the spiritual
resilience and talent of blind people "Santa Lucia". It was recognized as one of the best works in
the "Kazakhstan Literature-2000" competition, held by the Soros-Kazakhstan Foundation. In 2005,
she was awarded the International "Philanthropist" Prize in Moscow for outstanding achievements
of people with disabilities in culture and art.

Her books, "Burnt Heart" (1997), "The Light of My Insights" (2001), "Through the Window
of Memories" (2001), the collection "My Golden Silence", and "The Star | See" are significant in
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every respect. She also wrote a book about an orphanage, "The Road Will Be Mastered by the
Walking One". A special facet of the poetess's creativity is the books "Following the Voice" and
"Do Good" (poetic translations from five languages). The poetess treats translations with humor:
"Translations are like a wife: if she's faithful, she's not beautiful; if she's beautiful, she's unfaithful".
The poetry book "Through the Window of Memories" presents love prose and poetry. Rose
looks at life "through the window of memories" and immerses us in the burning memory of her
experiences. This is the intense passion which often turns into a painful sinking heart:

Let the soul soar to the past

And freeze like a wounded bird,

And, guided by your memory,

Let it go through it all [2, p. 9]. (line by line translation)

Almost from the very first page, the lines of a kind, although released song come to mind:
"The old words, And how the head is whirling...". Then you begin to wonder if perhaps behind
them looms the secret of the poetic charm of Akhtyamova's "poetic notebook" — her lyrical diary,
and perhaps even songbook? (Note that a dozen of lyrics have already turned into romances.) R.
Akhtyamova has a genuine affection for the romance in general and its familiar lyrical variations —
love confession, dialogue, meditation, challenge and love curse, even the "tearing" of emotional
wounds, because they must bleed not only profusely but also forever.

But close and merciless introspection, leading to the understanding that in the torment of
love there is only one movement — a vicious circle, i.e., the lack of escape transforms the cruel
romance not into a familiar quotation, as it might seem, but into a kind of emotional anguish,
despair that may end on the last line, but which, in essence, never ends. R. Akhtyamova's poems
have a simple quality: they openly and without any artificial effort reflect sensitivity and
melodrama. Roza's poems contain the light wisdom of suffering.

| loved only you,

And | carried my love

As the only measure

In understanding good and evil. (line by line translation)

In the romance genre, R. Akhtyamova makes something which seems extinguished or
glows with reflected light, glow and shine. In her personal, private case, this is also a way to survive,
to see the light through the inevitability of night.

At the meetings with the author that R. Akhtyamova frequently organizes, the poetry and
romances that she performs are always a hit. A disc of her romances "Gold of Autumn" has been
released. The lyrics to the songs were written or translated from other languages by R.
Akhtyamova herself, and the music for some of the songs was written by blind composers. For
example, "The Waltz of the Graduates". This touching and nostalgic poem perfectly conveys the
atmosphere of a school farewell, the sadness of parting with childhood, and the hope for the
future.

Despite her beautiful, subtle lyricism, which naturally lends itself to music, prose has
become increasingly prominent in her creativity. And not only in essays, but also in fiction. R.
Akhtyamova wrote the novel "Madame Sidorova". Its original plot, sharp psychological portraits
of the characters, and blend of tragedy and satire raised the readers’ interest.

The Tatar poet Nazila Usmanova's books reflect the historical past of the Tatar people and
social and cultural changes that took place in the last century, making her creativity a valuable
source on socio-political and spiritual life of the people. A native of the city of Ghulja, she lived
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through the difficult years of the “Cultural Revolution” in China and came to Kazakhstan in the
1950s. N. Usmanova is the author of poetry collections and nonfiction books, including "Ana
telyage" (2005), "Ostazlarga ikhtiram" (2006), "Onytylmas shakheslarebez" (2009), “Tatarlarnyn
milli yollalary”, and "Sagysh" (2013). “Ana Telyage” is a collection of poetry and memories about
the Tatars, who played an important role in preserving their native language and culture in China.
Among the poetic works there are poems dedicated to G. Tukay (“Tukayga”), the difficult fate of
the Tatar people (“Tatarlar”), ancestors (“Beznen Babalar”), children (“Kyzlaryma”, “Ullarga”,
“Nyabryam Guzalga bish yash”).

The Tatar poetess N. Usmanova made a great contribution to the popularization of Kazakh
literature by translating into Tatar the poems of the Kazakh poet, laureate of the State Prize of
Kazakhstan M. Makatayev. The presentation of the book “Makatayev Mokagali Shigyrlar”, which
included his 90 poems from the book “Amanat” (2002), took place in 2008. In the introduction,
the translator noted that M. Makatayev's poems impressed her by intensive emotions, passionate
love for the homeland, the people, and native language: "The poet is characterized by realism and
a tireless spirit in the struggle for justice; his works reflect the complexities and contradictions of
the world around him. It is amazing that, despite the fact that he lived a short and difficult life, the
poet managed to write many poems and verses. | decided to translate many of his last poems in
the hope of conveying them to my people, so that he could serve as an example" [3]. The book
includes a poem by N. Usmanova dedicated to M. Makatayev: "Your poems and your people will
live forever. / Your dreams will come true. / From century to century, descendants / Will read your
poems, / Remembering and yearning for you". The translation of M. Makatayev's poems into Tatar
is of undeniable importance in strengthening interethnic harmony. In 2013, the poetess received
a certificate from the Association of Tatar and Bashkir Cultural Centers of Kazakhstan and a Letter
of acknowledgement from A. Khasanov, Plenipotentiary Representative of the Republic of
Tatarstan to the Republic of Kazakhstan.

Firuza Abubakirova's entire creative life has been connected with Kazakhstan; she lives in
Kyzylorda. She began writing poetry while she was studying in school and is actively involved in
the activities of the regional Tatar ethno cultural center. Abubakirova is known as a poet and
creator of a collection of patriotic poems. She is the author of the poetry collection "And It's All
About Us":

History has so happen,

And fate was so,

That Kazakhstan has united everyone,
Became a beloved homeland!

...The Kazakhs, Turks, Koreans,

Slavs, Tatars, Uzbeks, Germans,

Chechens, Greeks, and others,

Spiritually close and relative! (line by line translation)

In the poem "We Are Kazakhstanis!", the poet reflects on the benefits of sovereignty for
Kazakhstan: "What has Freedom given us?/ What has Independence given us? / Peace and quiet,
the blue sky, / Everything so that the republic can live!"

The most important thing in the lives of Kazakhstan's Tatars in general, and Tatar literature
in particular, is the preservation of their native language. In this regard, F. Abubakirova's call in her
poem "The Language of People Is Its Soul" is relevant: "Let us elevate to a pedestal of honor / The
greatness of our native language". The poem "Country, Native, May the Path Be Bright!" is
dedicated to the Constitution of Kazakhstan. The author believes it is important to be an honest,
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decent, and loyal citizen, to serve one's country conscientiously, and to instill in everyone a love
for one's homeland and one's native land from childhood.

A poem about the friendship between ethnic groups is dedicated to her native city of
Kyzylorda which has its history of internationalism. It was the Aral Sea region where thousands of
Korean special settlers were brought, Kyzylorda's villages gave shelters to many Chechen families
which were relocated due to repression during the war, and the Tatar diaspora, the Russian
community, and the Uzbek brotherhood, which have well-preserved their ancestral traditions, and
live peacefully here. According to the poetess, "it is crucial to convey to young people the full
value of strong interethnic relations" [4].

The young Tatar poet and writer Lucia Galiulina continues the tradition of women's
literature. A striking example is her poem "Women's Melancholy” in which the author conveys an
atmosphere of cozy solitude and melancholy, when familiar activities and pastimes lose their
appeal. The heroine spends an evening at home, immersed in nostalgia, listening to music and
viewing old photo albums. This sincere and vital state is familiar to many people, when they wants
to be alone with own thoughts.

The works written by women offer a unique perspective on the world and people. In the
profound and metaphorical poem "Fantasy", the author reveals the image of the Kazakhstani
woman in all the diversity of her life roles. She demonstrates her omnipresence and strength —
from student and simple worker to female politician — uniting all images with the final line about
the "daughter of the Kazakhstani steppes".

The outlining of women's prose in the context of contemporary literature is determined by
several factors: the author is a woman, central character is a woman, and the subject matter is
somehow connected to women's lives. A view of reality from a female perspective, taking into
account the peculiarities of female psychology, also plays a significant role. For example, in "A Fairy
Tale for Adults" L. Galiulina examines the issue of family relationships between a man and a
woman.

Thus, the Tatar women's prose and poetry make a significant contribution to the
development of modern literature in Kazakhstan. The creativity of Tatar women writers and
poetesses R. Akhtyamova, N. Usmanova, F. Abubakirova, and L. Galiulina has always been of
interest to Kazakhstani readers and critics due to their bright literary talent. Their names, as
prominent modern representatives of the Tatar people, are included into the encyclopedic
dictionary “The Tatars in Kazakhstan” (2011), published by the Association of Tatar and Bashkir
Ethnocultural Associations of Kazakhstan.
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ABSTRACT

Medical pharmacology education constitutes a foundational component of undergraduate
medical education because it establishes the scientific and clinical knowledge required for rational,
safe, effective, and patient-centered pharmacotherapy. Nevertheless, conventional approaches
to teaching pharmacology at universities frequently remain dominated by content-intensive
lectures, fragmented memorization of drug classifications, isolated mechanisms of action, and
assessment strategies that inadequately evaluate students’ capacity to apply pharmacological
knowledge to complex clinical decisions. The increasing complexity of therapeutic regimens,
expansion of precision medicine, rapid development of novel pharmacological agents, growing
concerns regarding medication-related harm, antimicrobial resistance, polypharmacy,
pharmacogenomics, and the increasing availability of biomedical evidence necessitate a
fundamental reconsideration of how medical pharmacology is taught and learned by Doctor of
Medicine (MD) students. This conceptual paper develops a comprehensive evidence-based
educational framework for redefining and enhancing medical pharmacology education through
the systematic integration of medical pharmacology, pharmacotherapy, and clinical pharmacology
with competency-based, innovative, clinically relevant, and evidence-informed teaching and
learning strategies. The proposed framework conceptualizes pharmacology education not as the
acquisition of isolated factual knowledge but as a longitudinal process through which students
progressively develop integrated scientific reasoning, therapeutic decision-making, prescribing
competence, clinical judgment, medication-safety awareness, and professional responsibility.
Particular emphasis is placed on connecting pharmacological principles with pathophysiology,
clinical diagnosis, therapeutic objectives, pharmacokinetics, pharmacodynamics, adverse drug
reactions, drug—drug and drug—disease interactions, contraindications, monitoring requirements,
pharmacogenetic considerations, and patient-specific factors. Within this model, Evidence-Based
Medicine (EBM) serves as a central educational component, enabling students to formulate
clinically relevant questions, identify and critically appraise biomedical literature, evaluate the
validity and applicability of evidence, integrate research findings with clinical expertise, and
incorporate patient values and preferences into pharmacotherapeutic decision-making. The
framework further proposes the integration of active and student-centered educational
methodologies, including problem-based learning, case-based learning, team-based learning,
simulation-based education, clinical prescribing exercises, structured therapeutic reasoning,
flipped classrooms, interactive seminars, digital learning environments, virtual patients, formative
assessment, peer learning, and reflective practice. These strategies can transform pharmacology
classrooms from predominantly teacher-directed environments into intellectually interactive
settings in which students repeatedly apply pharmacological concepts to authentic or simulated
clinical problems. Particular attention is directed toward competency-based education, whereby
learning outcomes are explicitly linked to observable competencies in medication selection, dose
individualization, prescription writing, therapeutic monitoring, adverse-event recognition, risk—
benefit assessment, communication, and evidence appraisal. An important dimension of the
proposed model is vertical and horizontal curricular integration. Vertical integration connects
foundational pharmacological sciences with progressively advanced clinical applications across the
MD curriculum, while horizontal integration establishes meaningful relationships between
pharmacology and physiology, biochemistry, pathology, microbiology, immunology, internal
medicine, surgery, pediatrics, psychiatry, and other clinical disciplines. Such integration may
reduce curricular fragmentation and reinforce the relevance of pharmacological knowledge
throughout medical training. Furthermore, the framework emphasizes the incorporation of
pharmacovigilance, antimicrobial stewardship, rational prescribing, medication reconciliation,
deprescribing principles, individualized therapy, and patient-safety competencies as essential
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components of contemporary pharmacology education. The conceptual model also recognizes the
importance of educational technologies and data-informed pedagogical innovation. Digital
resources, electronic prescribing environments, clinical decision-support simulations, adaptive
learning platforms, virtual clinical cases, interactive pharmacology databases, and structured EBM
exercises can facilitate personalized learning and provide opportunities for repeated practice and
immediate feedback. Assessment should consequently evolve beyond conventional recall-based
examinations toward multimodal evaluation incorporating clinical vignettes, prescription-writing
tasks, objective structured clinical examinations, case analyses, critical appraisal exercises, oral
reasoning assessments, portfolios, and longitudinal competency assessment. The proposed
framework positions medical pharmacology education as an integrated, clinically oriented,
evidence-informed, and competency-driven component of MD education. Its principal objective
is to produce future physicians who can move beyond memorizing pharmacological facts toward
scientifically justified therapeutic reasoning and responsible medication management. By
systematically integrating pharmacology, pharmacotherapy, clinical pharmacology, EBM,
innovative pedagogy, patient safety, and competency-based assessment, universities can
strengthen the educational foundations of rational prescribing and improve graduates’
preparedness for contemporary clinical practice. The framework provides a conceptual basis for
curricular reform, faculty development, educational research, and institutional quality
improvement, while also highlighting the need for empirical evaluation of its effectiveness across
diverse medical education settings.

Keywords: Medical pharmacology education; Clinical pharmacology; Pharmacotherapy education;
Evidence-based medicine; Competency-based medical education; Innovative teaching and
learning; Medical students.

INTRODUCTION

Medical education is undergoing a profound transformation driven by advances in biomedical
science, rapid expansion of therapeutic options, increasing complexity of clinical decision-making,
digital transformation of healthcare, changing patterns of disease, medication-safety concerns,
and the growing expectation that physicians should be capable of integrating scientific evidence
with individualized patient care. Within this transformation, medical pharmacology occupies a
particularly important position because medicines represent one of the principal instruments
through which physicians prevent, diagnose, control, and treat disease. The quality of
pharmacological education therefore has direct implications for prescribing competence,
therapeutic effectiveness, patient safety, adverse drug reaction prevention, antimicrobial
stewardship, rational medicine use, and the broader quality of healthcare delivery. Contemporary
medical students must consequently acquire considerably more than an inventory of drug names,
mechanisms, indications, contraindications, and adverse effects. They must learn how to
transform pharmacological knowledge into defensible clinical decisions and how to continuously
update those decisions as evidence, therapeutic guidelines, patient characteristics, and available
treatments evolve.

The educational challenge is intensified by the extraordinary expansion of pharmacological
knowledge. Modern pharmacology encompasses molecular targets, receptor biology, signal
transduction, pharmacogenomics, pharmacokinetics, pharmacodynamics, immunopharmacology,
biologic medicines, targeted therapies, precision therapeutics, drug-delivery technologies, real-
world evidence, pharmacovigilance, and increasingly sophisticated clinical decision-support
systems. At the same time, the number of medicines available to clinicians continues to increase,
while therapeutic recommendations change as new randomized trials, systematic reviews, safety
signals, regulatory decisions, and clinical guidelines become available. A curriculum based



«Reviews of Modern Science» (September 3-4, 2026). Zirich, Switzerland I

primarily on memorization is therefore structurally inadequate for preparing future physicians for
a professional environment in which knowledge is dynamic rather than static.

Recent scholarship has explicitly identified the expanding pharmacological knowledge base,
changing therapeutic guidelines, curriculum integration, and pedagogical limitations as major
challenges for pharmacology education. Fasinu and Wilborn emphasize that future medical
pharmacology education requires stronger reliance on active learning, longitudinal integration,
problem-based learning, case-based learning, team-based learning, and technology-supported
approaches. This perspective reflects a broader transformation in health-professions education
from instructor-centered transmission of information toward learner-centered, competency-
oriented development.

Traditional lecture-based education remains valuable for establishing conceptual foundations,
organizing complex material, and introducing major pharmacological principles. However, lectures
alone are insufficient when the intended educational outcome is competent clinical reasoning. A
student may correctly recall the mechanism of action of an angiotensin-converting enzyme
inhibitor and still be unable to determine whether it is appropriate for a particular patient, select
an individualized dose, recognize a clinically significant interaction, identify a contraindication,
monitor treatment, or communicate therapeutic risks. The distinction between knowing
pharmacology and using pharmacology is therefore fundamental. Contemporary medical
pharmacology curricula should deliberately bridge these two domains.

This distinction also explains why pharmacology should not be treated as an isolated preclinical
discipline. Pharmacology, pharmacotherapy, and clinical pharmacology constitute interconnected
components of therapeutic reasoning. Pharmacology explains how medicines interact with
biological systems; pharmacotherapy translates those principles into treatment strategies; and
clinical pharmacology applies them to individual patients while accounting for disease
characteristics, comorbidities, age, renal and hepatic function, genetics, concomitant medicines,
adherence, contraindications, adverse reactions, and patient preferences. When these domains
are separated excessively within the curriculum, students may acquire fragmented knowledge
without developing an integrated therapeutic mental model.

A contemporary curriculum should consequently promote vertical integration across the medical
programme. Fundamental pharmacological concepts introduced during early medical education
should reappear and become progressively more clinically sophisticated during subsequent
courses and clinical rotations. Receptor pharmacology, pharmacokinetics, dose-response
relationships, therapeutic index, adverse drug reactions, drug interactions, and
pharmacogenomics should not disappear after completion of a preclinical pharmacology course.
Instead, these concepts should be repeatedly activated in cardiovascular medicine, infectious
diseases, oncology, psychiatry, neurology, endocrinology, pediatrics, obstetrics and gynecology,
anesthesia, emergency medicine, and other clinical environments.

Horizontal integration is equally important. Pharmacology should be connected explicitly with
physiology, biochemistry, pathology, microbiology, immunology, genetics, epidemiology, public
health, clinical medicine, and diagnostic reasoning. For example, antimicrobial pharmacology
becomes substantially more meaningful when students understand microbial pathogenesis,
antimicrobial susceptibility, resistance mechanisms, epidemiology, infection control, and clinical
diagnostic uncertainty. Similarly, cardiovascular pharmacotherapy becomes more clinically
intelligible when students integrate receptor physiology, hemodynamics, pathophysiology,
diagnostic criteria, clinical risk stratification, and therapeutic guidelines.

The importance of rational prescribing has been recognized internationally for decades. The World
Health Organization's Guide to Good Prescribing was specifically developed for undergraduate
medical students and provides a structured approach to rational pharmacotherapy. Its educational
philosophy emphasizes learning objectives, patient-oriented cases, treatment selection, critical
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evaluation of medical literature, and assessment of practical prescribing competence rather than
drug knowledge alone. The WHO approach therefore provides an important conceptual
foundation for modern pharmacotherapy education.

Evidence-Based Medicine (EBM) provides another essential dimension of contemporary
pharmacology education. Pharmacological decisions are increasingly dependent on the ability to
identify and evaluate evidence regarding efficacy, effectiveness, comparative safety, harmes,
interactions, treatment duration, patient subgroups, and cost-effectiveness. Physicians must be
able to recognize that not all evidence has equal methodological strength and that even
apparently convincing findings may have limited applicability to a particular patient.

Teaching EBM should therefore begin before students become fully independent clinicians.
Medical students should progressively learn to formulate answerable clinical questions, search for
relevant evidence, distinguish primary from secondary literature, interpret measures of treatment
effect, understand confidence intervals and statistical uncertainty, evaluate risk of bias, assess
applicability, and integrate evidence with clinical circumstances and patient values. EBM should
not be reduced to a theoretical course in epidemiology or critical appraisal. Its purpose is to
establish a habit of evidence-informed clinical reasoning.

The educational literature supports the value of EBM instruction while simultaneously
demonstrating important limitations in the evidence base. A systematic review of EBM teaching
among medical trainees found improvement in EBM competency after educational interventions
but did not establish consistent superiority of one teaching format over another. Similarly, a
systematic review of undergraduate medical education reported that seminars, workshops, e-
learning, clinically integrated approaches, and multicomponent interventions can improve aspects
of EBM knowledge, attitudes, and skills, but the available evidence does not demonstrate that one
educational modality is universally superior. These findings support a pluralistic educational
strategy rather than dependence upon a single pedagogical technique.

Importantly, the context in which EBM is taught may matter as much as the educational method
itself. Evidence from systematic review has suggested that clinically integrated EBM teaching can
produce broader improvements than isolated classroom instruction. Consequently, pharmacology
education offers an especially appropriate environment for integrating EBM into authentic
therapeutic questions. Students can be asked, for example, whether a particular drug class
improves clinically meaningful outcomes, whether a new medicine provides an advantage over
established therapy, how adverse-event risks compare between alternatives, or whether a
treatment recommendation applies to a specific patient population.

Competency-based medical education provides the structural architecture through which these
educational objectives can be organized. Competency-based education shifts emphasis from the
amount of material delivered toward what learners are demonstrably capable of doing. Within
pharmacology, competencies should include accurate pharmacological reasoning, rational
selection of medicines, prescription writing, dose individualization, identification of
contraindications and interactions, recognition and management of adverse drug reactions,
therapeutic monitoring, medication reconciliation, patient counseling, critical appraisal of
evidence, and responsible use of clinical decision-support technologies.

A competency framework should also distinguish foundational knowledge from higher-order
performance. Students require declarative knowledge of pharmacological principles, but this
knowledge should progressively support procedural and conditional knowledge. Procedural
knowledge concerns how to perform a task, such as writing an appropriate prescription or
calculating a dose. Conditional knowledge concerns when and why a particular therapeutic
strategy should be selected. The highest educational objective is therefore not simply
remembering pharmacological information but developing a clinically transferable capacity to
reason through medication-related problems.
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Active learning strategies can support this transition. Problem-based learning requires students to
identify learning needs and apply knowledge to clinical problems. Case-based learning places
pharmacological principles within realistic patient contexts. Team-based learning promotes
preparation, collaborative reasoning, accountability, and application. Flipped learning transfers
initial information acquisition outside scheduled classroom time and reserves face-to-face
sessions for application, discussion, and problem-solving. Simulation provides opportunities to
practice prescribing, monitoring, communication, and management of medication-related
emergencies without exposing patients to avoidable risk.

Evidence from pharmacology education increasingly supports multimodal teaching. A large
network meta-analysis involving 150 studies and more than 21,000 students reported favorable
educational effects associated with combinations of problem-based and case-based learning,
team-based learning, and flipped classrooms, although interpretation should account for
heterogeneity among interventions and outcomes. A recent review of pharmacology digital
simulation likewise found evidence suggesting improvements in knowledge, confidence, and
satisfaction, while highlighting the need for stronger integration of polypharmacy and
interprofessional learning.

Digital education also changes the role of the pharmacology teacher. Digital platforms can provide
interactive drug databases, visualizations of receptor mechanisms, adaptive quizzes, virtual
patients, simulated prescribing environments, electronic formularies, clinical decision-support
exercises, and immediate formative feedback. These technologies should not simply reproduce
lectures electronically. Their educational value depends on whether they promote active cognitive
processing, clinical reasoning, retrieval practice, feedback, and transfer.

The emergence of generative artificial intelligence introduces additional opportunities and risks.
Recent pharmacology education scholarship identifies Al as both an educational opportunity and
a challenge involving personalized feedback, learning support, assessment, and academic
integrity. Medical students therefore require Al literacy as part of contemporary evidence-
informed pharmacology education. They should learn to use Al-assisted tools critically, verify
generated information against authoritative sources, recognize hallucinated or unsupported
recommendations, protect patient confidentiality, and retain responsibility for clinical decisions.

Assessment represents another central component of educational reform. If students are
assessed predominantly through factual recall, they will rationally devote most of their learning
effort to memorization. Assessment should therefore align with intended competencies. Multiple-
choice questions remain useful for assessing foundational knowledge, but they should be
complemented by clinical vignettes, prescription-writing exercises, structured oral examinations,
objective structured clinical examinations, medication-review tasks, critical appraisal exercises,
reflective portfolios, and observed clinical performance.

Formative assessment is particularly important. Pharmacological reasoning develops through
repeated practice and feedback. Students should have opportunities to make errors in controlled
educational environments and receive specific feedback concerning why a therapeutic decision
was inappropriate, which pharmacological principle was misunderstood, and how the reasoning
process could be improved. Contemporary pharmacology education literature increasingly
recognizes formative feedback as an important component of learning, while noting that this area
remains underdeveloped relative to other medical education domains.

Another major educational requirement is interprofessional integration. Medication use is not an
exclusively physician-controlled process. Pharmacists, nurses, physicians, prescribing specialists,
laboratory professionals, and other healthcare professionals contribute to medication safety.
Interprofessional education can therefore expose MD students to complementary perspectives
concerning prescribing, dispensing, administration, monitoring, adherence, reconciliation, and
pharmacovigilance. Recent evidence suggests positive effects of interprofessional interventions
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on pharmacological knowledge, prescribing competence, and collaborative attitudes, although
implementation can be logistically challenging.

The educational relevance of prescribing competence is particularly important because
pharmacological knowledge does not automatically translate into safe prescribing. A recent
scoping review identified 80 educational studies addressing pharmacological knowledge or
prescribing skills among medical students. The interventions included e-learning, case-based,
interprofessional, and experiential learning, with positive findings commonly observed at early
Kirkpatrick outcome levels; however, the absence of robust evidence for higher-level clinical
outcomes demonstrates the need for stronger educational evaluation.

The proposed conceptual framework therefore rests on several interconnected propositions. First,
pharmacology should be longitudinally integrated throughout the MD curriculum rather than
confined to an isolated course. Second, pharmacological knowledge should be continuously
connected to therapeutic decision-making. Third, EBM should be embedded in pharmacotherapy
rather than taught as a disconnected methodological subject. Fourth, competency-based
outcomes should determine teaching and assessment. Fifth, active, case-oriented, simulation-
supported, digital, and collaborative methods should complement appropriately designed
lectures. Sixth, educational technologies should enhance rather than replace expert faculty
supervision. Seventh, assessment should evaluate both knowledge and performance. Finally,
curriculum reform should be accompanied by rigorous educational evaluation.

This conceptualization responds to a fundamental problem in contemporary medical education:
physicians must increasingly manage complex therapeutic decisions in an environment in which
information is abundant but attention, time, and cognitive capacity are limited. The purpose of
pharmacology education is therefore not merely to increase the quantity of information students
remember. Its deeper purpose is to develop physicians capable of identifying therapeutic
problems, locating relevant evidence, critically evaluating alternatives, making individualized
decisions, monitoring treatment, recognizing harm, communicating with patients, and revising
decisions when new evidence emerges.

BACKGROUND

Medical pharmacology historically developed as a predominantly discipline-based scientific
subject, emphasizing mechanisms of drug action, drug classification, pharmacokinetic principles,
and adverse effects. This structure was appropriate when the principal educational challenge was
establishing a foundation in an expanding but comparatively bounded scientific discipline.
Contemporary medicine, however, has transformed the knowledge environment. Precision
therapeutics, biologics, targeted medicines, immunotherapies, pharmacogenomics, complex
combination therapy, digital therapeutics, and rapidly changing clinical guidelines have expanded
the scope of therapeutic knowledge considerably.

The evolution of medical curricula toward integrated and competency-based models has
consequently changed the position of pharmacology. Recent reviews describe a movement away
from isolated, instructor-centered pharmacology toward active, learner-centered and integrated
educational approaches. Nevertheless, curricular integration can create a paradox: while
integration may improve clinical relevance, excessive fragmentation can cause pharmacology to
become invisible within organ-system courses. The solution is not simply to return to a stand-alone
pharmacology curriculum but to establish a longitudinal pharmacological thread throughout
medical education.

A modern pharmacology curriculum should therefore be constructed around core therapeutic
concepts rather than exhaustive lists of medicines. Core concepts should include receptor
pharmacology, dose-response relationships, pharmacokinetics, pharmacodynamics, drug
interactions, therapeutic windows, adverse drug reactions, medication errors,



«Reviews of Modern Science» (September 3-4, 2026). Zirich, Switzerland I

pharmacogenomics, principles of antimicrobial therapy, rational prescribing, evidence appraisal,
and patient-specific treatment selection.

The WHO prescribing framework provides an important educational precedent because it
emphasizes a structured, patient-oriented approach to therapeutic decision-making and
encourages students to use treatment guidelines and scientific literature critically. This approach
remains highly relevant to competency-based medical education.

Another important background factor is the discrepancy between educational outcomes and
clinical outcomes. Much of the literature evaluates immediate knowledge, confidence,
satisfaction, or examination performance. The pharmacology educational literature itself
recognizes that relatively few studies demonstrate transfer into actual prescribing behavior or
patient-level outcomes. Consequently, future curriculum research should move beyond short-
term educational endpoints and evaluate whether graduates demonstrate sustained
improvement in prescribing quality, medication safety, evidence use, and clinical reasoning.

The current background therefore supports a comprehensive conceptual framework that
combines disciplinary knowledge, clinical application, EBM, competency development,
educational technology, active learning, simulation, formative assessment, and longitudinal
curriculum integration.

Medical pharmacology occupies a distinctive and indispensable position within the education of
future physicians because it provides the scientific foundation for understanding medicines and
the conceptual basis for rational pharmacotherapeutic decision-making. The discipline connects
molecular and cellular mechanisms with physiological responses, pathological processes,
therapeutic interventions, adverse effects, and clinical outcomes. For MD students, pharmacology
is therefore not merely a body of biomedical knowledge but an essential component of
professional competence. Every physician, irrespective of specialty, is expected to make
medication-related decisions that are scientifically justified, clinically appropriate, ethically
defensible, and responsive to individual patient characteristics. The quality of pharmacology
education consequently has implications extending beyond academic achievement to prescribing
guality, medication safety, therapeutic effectiveness, prevention of avoidable harm, antimicrobial
stewardship, healthcare resource utilization, and patient outcomes.

Historically, pharmacology education developed primarily around the systematic classification of
medicines, mechanisms of action, pharmacokinetic and pharmacodynamic principles, therapeutic
indications, contraindications, and adverse drug reactions. This disciplinary model contributed
substantially to establishing a rigorous scientific foundation for medical education. It enabled
students to understand how drugs interact with receptors, enzymes, ion channels, and
transporters, signaling pathways, and physiological systems and provided the conceptual
vocabulary required for subsequent clinical learning. However, the contemporary therapeutic
environment has changed considerably. The volume and complexity of pharmacological
knowledge have expanded beyond what can reasonably be mastered through memorization
alone. Modern physicians encounter conventional small-molecule medicines alongside
monoclonal antibodies, recombinant proteins, cell-based therapies, gene-targeted interventions,
immunomodulators, precision medicines, pharmacogenomically guided therapies, advanced
drug-delivery systems, and rapidly evolving digital therapeutic technologies.

This expansion creates a fundamental educational challenge. The objective of undergraduate
pharmacology can no longer be defined simply as enabling students to remember a large number
of drugs and their properties. Instead, students must develop the capacity to identify therapeutic
problems, compare pharmacological alternatives, and anticipate benefits and harms, individualize
treatment, recognize clinically significant interactions, monitor therapeutic response, interpret
emerging evidence, and revise treatment when new information becomes available. The
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educational system must therefore move from a predominantly information-centered paradigm
toward an application-centered and competency-oriented model.

The distinction between pharmacological knowledge and pharmacological competence is
particularly important. Knowledge refers to what the student knows about a drug, whereas
competence concerns what the student can appropriately do with that knowledge in a clinical
context. A student may be able to accurately state that a particular medicine blocks a receptor,
inhibits an enzyme, alters neurotransmitter availability, or modifies an intracellular signaling
pathway while remaining unable to determine whether the drug is appropriate for a specific
patient. Clinical pharmacological competence requires integration of mechanism, indication,
patient characteristics, therapeutic objective, dose, route, duration, contraindications, and
interactions, adverse effects, monitoring, and expected clinical outcomes. The educational
transition from factual knowledge toward integrated therapeutic reasoning should therefore
constitute a central objective of contemporary medical pharmacology curricula.

The changing structure of healthcare further reinforces this requirement. Patients increasingly
present with multiple chronic diseases and complex medication regimens. Polypharmacy is
common among older adults and individuals with multimorbidity, increasing the potential for
drug-drug interactions, drug-disease interactions, prescribing cascades, adherence difficulties,
therapeutic duplication, inappropriate dosing, and medication-related harm. The physician must
consequently understand not only the pharmacological characteristics of individual medicines but
also how medicines behave within complex therapeutic systems. Pharmacology education should
prepare students to approach medication regimens as dynamic clinical systems rather than as
collections of unrelated prescriptions.

The growth of antimicrobial resistance represents another major reason for strengthening
pharmacological education. Rational antimicrobial prescribing requires understanding
antimicrobial spectrum, mechanisms of resistance, pharmacokinetic and pharmacodynamic
relationships, tissue penetration, dosing strategies, microbiological evidence, and duration of
treatment, de-escalation, adverse effects, and ecological consequences. Physicians who lack a
sufficiently integrated understanding of antimicrobial pharmacology may contribute
unintentionally to inappropriate prescribing and resistance development. Consequently,
antimicrobial stewardship should be embedded within pharmacology education rather than
introduced only during later clinical training.

Pharmacovigilance represents a similarly important educational domain. Modern physicians must
recognize that medicines can produce adverse effects that were not completely predictable from
premarketing studies. Students should therefore understand adverse drug reaction classification,
causality assessment, signal detection, reporting systems, risk minimization, medication errors,
and the importance of post-marketing surveillance. Integrating pharmacovigilance into
undergraduate pharmacology can help develop a professional culture in which prescribing is
understood as an ongoing process of benefit-risk assessment rather than a one-time decision.
The increasing importance of precision medicine further challenges traditional approaches.
Pharmacological response varies among patients because of genetic variation, age, body
composition, organ function, comorbidities, environmental exposures, concomitant medicines,
adherence, nutritional status, and other determinants. Pharmacogenomics has consequently
become increasingly relevant to individualized therapy. MD students need not become
pharmacogenetic specialists, but they should understand the principle that genetic and biological
heterogeneity can influence drug exposure, therapeutic response, and adverse-event risk. This
understanding provides an important conceptual foundation for precision therapeutics.

The educational implications of these developments are substantial. A curriculum that attempts
to address therapeutic complexity simply by adding more lectures and more factual content risks
increasing cognitive overload without improving clinical competence. The appropriate response is
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curricular redesign. The emphasis should shift toward high-value concepts, transferable principles,
clinical application, retrieval and reinforcement, deliberate practice, evidence appraisal, and
longitudinal integration. Students should learn fewer isolated facts and develop stronger
conceptual structures through which new pharmacological information can subsequently be
incorporated.

Curricular integration is therefore a central principle of modern pharmacology education. Vertical
integration refers to the deliberate progression of pharmacological knowledge from early
foundational education into later clinical learning. Concepts introduced during preclinical
pharmacology should recur during clinical medicine, allowing students to reinterpret foundational
mechanisms within increasingly complex clinical situations. For example, principles of receptor
selectivity introduced during basic pharmacology can later be applied to cardiovascular,
endocrine, neurological, psychiatric, and respiratory therapeutics. Similarly, pharmacokinetic
principles should progressively evolve into clinical competence involving dose adjustment,
therapeutic drug monitoring, renal impairment, hepatic dysfunction, drug interactions, and
individualized treatment.

Horizontal integration connects pharmacology with other disciplines taught at comparable stages
of the curriculum. Pharmacological decision-making is inseparable from physiology, pathology,
biochemistry, microbiology, immunology, genetics, epidemiology, and clinical medicine. A drug's
mechanism becomes more meaningful when students understand the physiological or
pathological pathway it modifies. An antimicrobial regimen becomes more understandable when
students integrate microbiology and infectious-disease principles. An immunomodulatory
medicine becomes more intelligible when students understand immune mechanisms and disease
pathogenesis. Horizontal integration therefore reduces artificial disciplinary boundaries and
promotes the development of coherent clinical mental models.

The concept of the spiral curriculum provides a useful theoretical basis for such integration. Core
concepts should be introduced at an appropriate level, revisited repeatedly, and progressively
expanded in complexity. The student should encounter pharmacology not as a single educational
event but as a continuously developing body of knowledge. Repetition in this context does not
mean unnecessary duplication. Rather, the same core concepts are revisited in increasingly
sophisticated contexts, enabling students to develop deeper understanding and transfer
knowledge to new clinical situations.

The increasing complexity of pharmacotherapy also creates a strong rationale for integrating
clinical pharmacology with medical pharmacology. Medical pharmacology traditionally
emphasizes mechanisms and general drug effects, whereas clinical pharmacology focuses more
directly on the use of medicines in humans, including dose optimization, therapeutic drug
monitoring, drug interactions, pharmacogenetics, adverse reactions, clinical trials, and
individualized therapy. Pharmacotherapy adds another dimension by emphasizing the selection
and implementation of treatment for specific clinical conditions. Separating these domains
excessively can create fragmented learning. Their integration provides a more authentic
representation of how medicines are actually used in clinical practice.

Rational prescribing should therefore become a core outcome of pharmacology education. The
physician should be capable of defining a therapeutic objective, identifying suitable treatment
alternatives, selecting the most appropriate medicine for an individual patient, determining an
appropriate dose and regimen, providing relevant instructions, evaluating effectiveness,
monitoring safety, and modifying treatment when required. This process is fundamentally
different from memorizing drug classifications. It requires clinical reasoning, pharmacological
knowledge, evidence appraisal, communication skills, and professional judgment.

The World Health Organization's rational prescribing framework provides an important foundation
for this educational orientation. Its approach emphasizes structured therapeutic decision-making
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and encourages medical students to select medicines according to individual patient
characteristics and therapeutic objectives rather than simply reproducing lists of commonly used
drugs. Such an approach remains highly relevant because it establishes a direct connection
between pharmacological science and clinical responsibility.

Evidence-Based Medicine represents a further essential component of this transformation.
Contemporary pharmacological decisions are made within an environment characterized by a
continuous flow of new evidence. Randomized controlled trials, systematic reviews, meta-
analyses, clinical guidelines, pharmacovigilance reports, observational studies, real-world
evidence, and regulatory communications can all influence therapeutic decisions. Physicians
therefore require the ability to determine which evidence is relevant, how reliable it is, and
whether its conclusions are applicable to a particular patient.

The integration of Evidence-Based Medicine into pharmacology education should begin during
undergraduate medical training. Students should learn to formulate answerable therapeutic
guestions using structured frameworks, identify appropriate information sources, search
biomedical databases, distinguish different forms of evidence, assess study design, recognize
sources of bias, interpret effect measures, understand confidence intervals, evaluate statistical
and clinical significance, and determine applicability to individual patients. These skills should be
repeatedly reinforced through pharmacological cases rather than being confined to an isolated
research-methodology course.

An important distinction should be maintained between evidence-based medicine and evidence-
only medicine. Clinical decision-making cannot be reduced to the mechanical application of
published findings. Evidence must be integrated with clinical expertise, patient characteristics,
patient values and preferences, resource considerations, and the practical context of care.
Pharmacology education should therefore teach students to use evidence as an instrument of
clinical reasoning rather than as a substitute for professional judgment.

The available literature supports EBM education but also demonstrates methodological
heterogeneity. Systematic reviews have reported improvements in knowledge and critical
appraisal skills following educational interventions, while evidence for sustained changes in clinical
behavior is less consistent. This observation is particularly important for pharmacology education
because an intervention that improves examination performance does not necessarily produce
better prescribing. Educational research should consequently increasingly evaluate transfer,
retention, performance, and clinical relevance.

Competency-based medical education provides an appropriate educational architecture for
addressing these challenges. Competency-based education focuses on what learners are capable
of demonstrating rather than simply what content has been delivered. In pharmacology, this
means specifying competencies that can be observed and assessed. These competencies may
include explaining pharmacological mechanisms, selecting appropriate medicines, individualizing
doses, recognizing contraindications, identifying interactions, writing safe prescriptions,
monitoring treatment, recognizing adverse drug reactions, applying pharmacovigilance principles,
evaluating evidence, communicating medication information, and collaborating with other
healthcare professionals.

Competency development should be progressive. Early medical students may demonstrate
competence through controlled case exercises and structured questions. More advanced students
should demonstrate the ability to manage increasingly complex cases involving multimorbidity,
polypharmacy, organ dysfunction, adverse reactions, therapeutic failure, adherence challenges,
and competing therapeutic priorities. During clinical rotations, students should apply
pharmacological competencies within authentic patient-care environments under appropriate
supervision.
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Problem-based learning provides one mechanism for developing this type of competence. Rather
than beginning with an exhaustive lecture on a drug class, students may begin with a clinical
problem that requires pharmacological investigation. They must identify what they know,
determine what they need to learn, formulate therapeutic questions, consult evidence, and justify
a treatment strategy. This approach transforms pharmacology from a passive knowledge-
acquisition activity into an active reasoning process.

Case-based learning offers another powerful strategy. Clinical cases can be designed to require
students to integrate pharmacological principles with diagnosis, pathophysiology, patient-specific
factors, evidence, and therapeutic monitoring. The complexity of cases can be increased
progressively. Introductory cases may involve uncomplicated single-drug therapy, whereas
advanced cases may involve multiple medicines, renal impairment, hepatic dysfunction, drug
interactions, genetic variation, pregnancy, older age, treatment failure, or serious adverse
reactions.

Team-based learning can further strengthen pharmacological reasoning by requiring students to
prepare individually and then solve application problems collaboratively. Pharmacotherapy
frequently involves uncertainty and competing alternatives. Group discussion makes the
reasoning process visible and allows students to compare therapeutic judgments. It can also
develop communication and interprofessional skills required for safe medication management.
Flipped learning provides another mechanism for reallocating instructional time. Foundational
information can be delivered through concise lectures, recorded materials, readings, or interactive
digital resources before classroom sessions. Classroom time can then be dedicated to clinical
cases, prescribing exercises, therapeutic calculations, evidence appraisal, discussion, and
feedback. The educational value of the flipped classroom therefore depends not simply on moving
lectures online but on using face-to-face time for higher-order learning.

Simulation is particularly valuable for medication-related education because it enables students
to practice clinical decisions without exposing patients to unnecessary risk. Virtual patients,
electronic prescribing platforms, simulated medication charts, clinical decision-support
environments, and adverse-drug-reaction scenarios can provide repeated opportunities to
practice. Simulation can also introduce realistic uncertainty, time pressure, incomplete
information, and changing clinical conditions.

Digital technologies have transformed the educational environment further. Pharmacology
students can access electronic drug databases, guideline repositories, interactive mechanism-of-
action models, clinical calculators, virtual laboratories, digital flashcards, adaptive assessment
systems, and online evidence resources. Properly designed digital learning can support self-
directed learning, immediate feedback, spaced retrieval, and personalized progression. However,
technology should serve educational objectives rather than become an objective in itself.

The emergence of artificial intelligence adds another layer of complexity. Al systems can generate
explanations, create practice questions, simulate clinical interactions, assist information retrieval,
and potentially personalize learning. However, pharmacological misinformation generated by Al
could have serious educational consequences if students accept inaccurate recommendations
without verification. Consequently, Al literacy should become part of contemporary medical
pharmacology education. Students should learn to interrogate Al outputs, verify claims against
authoritative sources, recognize uncertainty, distinguish generated text from validated evidence,
and maintain professional responsibility for therapeutic decisions.

The increasing availability of digital resources also raises concerns regarding information overload.
Access to large quantities of information does not automatically produce knowledge or
competence. Students need information-literacy skills enabling them to determine which sources
are authoritative, current, relevant, and methodologically credible. Pharmacology education
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should therefore teach not only drug knowledge but also information navigation and source
evaluation.

Assessment is one of the strongest determinants of learning behavior. If pharmacology
examinations emphasize factual recall, students will naturally prioritize memorization. If the
intended outcome is clinical competence, assessment must require clinical application. Traditional
multiple-choice examinations remain useful for testing foundational knowledge, but they should
be complemented by clinical vignettes, prescription-writing exercises, dose-calculation tasks,
medication-review cases, OSCE stations, critical appraisal exercises, structured oral examinations,
and portfolios.

Assessment should also be aligned with competency progression. Early assessment may focus on
knowledge and conceptual understanding. Intermediate assessment should evaluate application
and reasoning. Advanced assessment should evaluate integrated clinical performance. Such
alignment creates constructive coherence between learning objectives, teaching strategies, and
evaluation.

Formative assessment is particularly important in pharmacology because errors in therapeutic
reasoning can be identified and corrected before students enter independent clinical practice.
Feedback should be timely, specific, actionable, and connected to the reasoning process. Rather
than simply indicating that an answer is incorrect, educators should explain which pharmacological
principle was misunderstood, what patient factor was overlooked, how the evidence should have
been interpreted, and what reasoning pathway would have produced a safer decision.
Medication safety should constitute an explicit educational outcome. Medication errors may arise
from inappropriate prescribing, incorrect dose selection, contraindications, interactions,
communication failures, inadequate monitoring, or failure to recognize patient-specific risks.
Students should therefore learn medication reconciliation, allergy assessment, interaction
checking, high-risk medicines and transitions of care, prescription clarity, monitoring plans, and
patient counseling.

Patient-centered care is equally important. Pharmacological decisions are not made for abstract
disease categories; they are made for individual patients. Patients may have different preferences,
treatment goals, risk tolerances, socioeconomic circumstances, adherence barriers, health literacy
levels, and expectations. Students should therefore learn how to communicate the benefits, risks,
alternatives, uncertainties, and practical requirements of treatment in a manner that supports
shared decision-making.

Interprofessional education provides an additional dimension. Safe medication management
involves multiple healthcare professionals, including physicians, pharmacists, nurses, and other
specialists. Medical students should understand the complementary responsibilities of these
professionals. Collaborative medication-review exercises can demonstrate how communication
failures or incomplete information can contribute to medication-related harm and how
coordinated practice can mitigate such risks.

The pharmacist's role is particularly relevant to modern pharmacology education. Pharmacists
possess specialized expertise in pharmacotherapy, medication safety, interactions, adherence,
and medication-use systems. Collaboration between pharmacology educators, clinical
pharmacologists, pharmacists, and practicing physicians can enrich MD curricula and provide
students with multiple perspectives on medication management. Interprofessional educational
models may also help reduce the artificial separation between prescribing, dispensing,
administration, monitoring, and follow-up.

Faculty development is therefore an essential prerequisite for successful curriculum
transformation. Educators who have themselves been trained primarily through traditional
lecture-based approaches may require structured development in active learning, case
construction, simulation facilitation, EBM teaching, digital pedagogy, competency assessment,
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and feedback. Faculty members also need opportunities to evaluate and disseminate their
educational innovations through scholarship.

Institutional factors are equally important. Curriculum reform requires appropriate allocation of
teaching time, technological infrastructure and access to reliable pharmacological information
resources, simulation facilities, assessment capacity, and faculty support. Educational innovation
cannot be sustained if it depends entirely on individual enthusiasm without institutional
recognition and resources.

The internationalization of medical education adds another dimension. MD programmes
increasingly educate students who will practice across different healthcare systems and regulatory
environments. Pharmacology education should therefore emphasize transferable principles of
therapeutic reasoning rather than dependence on a single national formulary. At the same time,
students should understand that medicine availability, prescribing regulations, treatment
guidelines, antimicrobial resistance patterns, pharmacovigilance systems, and healthcare
resources vary across countries.

Global health considerations should also be incorporated. The rational use of medicines has
implications for health equity, access, affordability, antimicrobial resistance, essential medicines,
and resource allocation. Students should understand that pharmacological decision-making
occurs within broader health systems and that clinically appropriate treatment must also be
considered in relation to availability, sustainability, and equitable access.

Another important background consideration is the distinction between efficacy and
effectiveness. Students traditionally learn about efficacy through controlled clinical trials, but real-
world treatment outcomes may differ because of adherence, comorbidities, polypharmacy,
health-system constraints, and differences between trial populations and clinical populations.
EBM education should therefore introduce students to both internal validity and external validity
and encourage critical evaluation of whether study findings apply to individual patients.

Similarly, students should understand the distinction between relative and absolute treatment
effects. Therapeutic decisions are frequently influenced by relative risk reductions that can appear
impressive without conveying the absolute magnitude of benefit. Teaching pharmacology through
evidence-based cases provides an opportunity to introduce measures such as absolute risk
reduction, relative risk, number needed to treat, number needed to harm, confidence intervals,
and treatment heterogeneity.

Clinical guidelines should also be incorporated carefully. Guidelines provide structured
recommendations, but they are not substitutes for individualized judgment. Students should learn
to identify the strength and certainty of guideline recommendations, understand conflicts of
interest and evidence limitations, and recognize circumstances in which individual patient factors
justify deviation from standard recommendations.

Real-world evidence and post-marketing data have become increasingly important in this context.
Randomized trials remain fundamental for evaluating efficacy, but observational data can provide
important information regarding long-term safety, rare adverse reactions, treatment patterns,
adherence, and effectiveness in broader populations. Contemporary pharmacology education
should expose students to the complementary roles of randomized and observational evidence.
The concept of therapeutic uncertainty should also become more explicit. Medicine frequently
involves incomplete evidence, competing treatment options, and uncertain risk. Students should
not be taught that every pharmacological question has a single universally correct answer. Instead,
they should learn how to make defensible decisions under uncertainty and communicate that
uncertainty appropriately.

Ethical considerations are inseparable from pharmacotherapy. Prescribing decisions involve
benefit-risk assessment, informed consent, autonomy, equity, resource utilization, conflicts of
interest, pharmaceutical marketing, and responsible professional behavior. Students should
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understand that pharmacological knowledge creates professional obligations. A physician's
decision to prescribe a medicine can expose a patient to substantial benefit or harm and should
therefore be grounded in scientific evidence and ethical reasoning.

Commercial influences also warrant educational attention. Pharmaceutical marketing can affect
prescribing behavior and perceptions of therapeutic value. Students should learn to distinguish
promotional information from independent evidence and recognize potential conflicts of interest
in research, guideline development, and educational materials. Critical appraisal should therefore
encompass not only study methodology but also funding sources, author conflicts, selective
reporting, and publication bias.

The educational environment should additionally support lifelong learning. Pharmacological
knowledge becomes outdated rapidly, particularly in fields characterized by accelerated
therapeutic innovation. The most important long-term educational outcome is therefore not
memorization of every currently available medicine but the development of reliable strategies for
continuing professional learning. Graduates should know how to identify knowledge gaps, search
authoritative sources, evaluate new evidence, and update therapeutic decisions throughout their
careers.

The transition from student to physician consequently requires a shift from externally supplied
information toward self-directed professional learning. Pharmacology education should explicitly
model this process. Faculty members can demonstrate how they approach unfamiliar therapeutic
guestions, identify authoritative resources, evaluate new evidence, and incorporate emerging
findings into practice. Such modeling can help students understand that uncertainty and
continuing learning are normal features of clinical pharmacology.

Another major consideration is educational equity. Digital and innovative educational strategies
should not inadvertently create disparities among students. Differences in access to technology,
learning resources, language proficiency, prior knowledge, and financial circumstances can
influence educational outcomes. Universities should therefore ensure that innovation is
accompanied by appropriate institutional support and equitable access to learning resources.
The COVID-19 pandemic accelerated the adoption of online and hybrid medical education and
demonstrated both the potential and limitations of digital learning. Pharmacology education can
benefit from this experience by retaining effective digital resources while avoiding the assumption
that online delivery alone constitutes educational innovation. Human interaction, clinical
exposure, mentorship, discussion, feedback, and authentic practice remain essential components
of medical education.

Educational quality should consequently be evaluated systematically. Universities should establish
measurable indicators for pharmacology education, including student knowledge, prescribing
performance, critical appraisal skills, clinical reasoning, medication-safety competencies, learner
engagement, retention, and graduate performance. Educational interventions should be
subjected to rigorous evaluation using validated assessment instruments whenever possible.

The Kirkpatrick framework can provide a useful starting point for evaluating educational
interventions, but evaluation should extend beyond learner satisfaction and immediate
knowledge gains. The most meaningful question is whether education changes behavior and
improves performance. In pharmacology, this could include whether graduates prescribe more
appropriately, identify contraindications more reliably, recognize adverse drug reactions more
effectively, use evidence more consistently, and communicate medication decisions more safely.
The literature nevertheless demonstrates an important research gap. Many educational studies
assess short-term outcomes, whereas relatively few evaluate long-term retention, transfer to
clinical settings, or patient-level outcomes. There is therefore a need for multicenter educational
research examining longitudinal curricular interventions and their effects on prescribing
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competence. Standardized outcome measures would facilitate comparison between universities
and educational systemes.

The proposed conceptual framework responds to these limitations by organizing medical
pharmacology education around a coherent progression from foundational scientific knowledge
to clinical application, evidence appraisal, professional competence, and lifelong learning. It does
not advocate the abandonment of lectures or traditional examinations. Rather, it proposes their
repositioning within a broader educational ecosystem. Lectures remain valuable for introducing
complex conceptual material, while active learning, clinical cases, simulation, EBM exercises,
prescribing practice, and assessment provide opportunities for application and integration.

The framework can therefore be understood as a multidimensional educational architecture. At
its foundation is scientific pharmacology. The next level is therapeutic reasoning, through which
students connect mechanisms with clinical objectives. The third level is Evidence-Based Medicine,
through which students evaluate and apply external evidence. The fourth level is clinical
performance, involving prescribing, monitoring, communication, and medication management.
The fifth level is professional responsibility, including patient safety, pharmacovigilance, ethics,
stewardship, and interprofessional collaboration. The final level is lifelong learning, enabling
physicians to continuously update their therapeutic knowledge.

This architecture recognizes that competent prescribing is an emergent capability resulting from
the interaction of multiple forms of knowledge. Scientific knowledge without clinical reasoning
may remain academically sophisticated but therapeutically ineffective. Clinical experience without
evidence appraisal may produce habitual rather than evidence-informed prescribing. EBM without
pharmacological understanding may produce superficial application of recommendations.
Competency therefore requires integration.

The ultimate purpose of reforming pharmacology education is not simply to produce students who
perform better on pharmacology examinations. It is to produce physicians who can make better
therapeutic decisions. This distinction should guide curriculum design, teaching methods,
assessment, faculty development, and educational research.

A comprehensive university-based medical pharmacology curriculum should consequently
cultivate a physician who can understand the biological basis of drug action, identify clinically
relevant therapeutic problems, formulate answerable questions, retrieve and appraise evidence,
select individualized therapy, prescribe accurately, anticipate and monitor adverse effects, identify
interactions, communicate with patients, collaborate with healthcare professionals, evaluate
outcomes, and modify treatment when evidence or patient circumstances change.

Such a physician is not merely pharmacologically knowledgeable. The physician s
pharmacologically competent, clinically reasoning, evidence-informed, patient-centered, safety-
conscious, and capable of lifelong therapeutic learning. This represents the central educational
rationale for redefining medical pharmacology, pharmacotherapy, and clinical pharmacology
education within contemporary MD programmes.

Accordingly, the background to the present conceptual framework is characterized by a
convergence of scientific expansion, therapeutic complexity, patient-safety demands, curricular
transformation, evidence-based practice, technological innovation, competency-based education,
and changing expectations of physicians. These developments collectively demonstrate the
necessity of moving beyond traditional content-heavy pharmacology instruction toward an
integrated educational model capable of preparing MD students for the realities of modern
pharmacotherapy. The proposed framework seeks to provide such a model by connecting
scientific pharmacology with clinical practice, Evidence-Based Medicine, innovative pedagogy,
competency development, medication safety, interprofessional collaboration, and continuous
professional learning.
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GOAL

The primary goal of this conceptual study is to develop a comprehensive, evidence-informed
educational framework for redefining and enhancing medical pharmacology education for MD
students at universities through the longitudinal integration of medical pharmacology,
pharmacotherapy, and clinical pharmacology with competency-based education, Evidence-Based
Medicine, innovative pedagogy, clinical reasoning, digital learning, simulation, interprofessional
education, and authentic assessment.

The specific objectives are to: (1) identify major limitations of traditional pharmacology education;
(2) establish core pharmacological and therapeutic competencies for MD students; (3) integrate
EBM into pharmacology and pharmacotherapy learning; (4) identify educational strategies
capable of strengthening knowledge application and therapeutic reasoning; (5) develop an
integrated model linking foundational science to clinical prescribing; (6) propose assessment
approaches aligned with competency development; (7) incorporate digital and simulation
technologies responsibly; and (8) formulate recommendations for university-level curricular
reform and faculty development.

METHODOLOGY

This article employs a conceptual, evidence-informed narrative synthesis methodology. Relevant
scientific and educational literature was identified through searches of PubMed/MEDLINE and
major biomedical and medical-education literature sources, supplemented by authoritative
international educational guidance and reference tracking. Search concepts included
combinations of medical pharmacology education, pharmacotherapy education, clinical
pharmacology, prescribing competence, medical students, competency-based medical education,
evidence-based medicine, active learning, problem-based learning, case-based learning, team-
based learning, simulation, digital learning, pharmacology assessment, and clinical reasoning.
Priority was given to systematic reviews, scoping reviews, meta-analyses, educational research,
authoritative guidance, and contemporary conceptual literature. Particular attention was given to
literature addressing undergraduate medical students and the transfer of pharmacological
knowledge into prescribing or clinical reasoning. The evidence was critically synthesized
thematically rather than statistically pooled because the educational literature demonstrates
substantial heterogeneity in intervention design, curriculum structure, learner populations,
assessment instruments, educational settings, and outcome measures.

The conceptual synthesis was organized around six domains: foundational pharmacological
knowledge; pharmacotherapeutic and prescribing competence; EBM competence; innovative
teaching and learning; clinical integration and interprofessional learning; and assessment and
guality improvement. Findings from these domains were subsequently synthesized into a
longitudinal educational framework.

Because this article is conceptual rather than a primary intervention study, no new human
participants, patient data, biological specimens, or identifiable clinical information were used. The
“results” represent synthesized findings from published educational evidence and the resulting
conceptual model.

RESULTS AND DISCUSSION

The present conceptual investigation demonstrates that contemporary medical pharmacology
education requires a fundamental transition from a predominantly content-oriented instructional
paradigm toward an integrated educational architecture centered on pharmacological
competence, therapeutic reasoning, evidence-informed decision-making, prescribing safety,
clinical applicability, and lifelong professional learning. The synthesis of available educational
literature indicates that the central problem confronting medical pharmacology education is not
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an absence of educational resources or pharmacological knowledge, but a persistent discrepancy
between the acquisition of theoretical information and the ability of MD students to apply that
information appropriately in clinically complex situations. The findings consequently support the
development of an integrated model in which medical pharmacology, pharmacotherapy, clinical
pharmacology, Evidence-Based Medicine, clinical reasoning, innovative pedagogy, simulation,
interprofessional education, digital learning, and competency-based assessment are progressively
interconnected throughout the medical curriculum.

A major finding is that pharmacological knowledge remains an indispensable foundation of
medical education but is insufficient as an isolated educational outcome. Pharmacology provides
the scientific explanation for how medicines interact with biological systems, but prescribing
requires considerably more than mechanistic understanding. A competent physician must
determine whether treatment is indicated, identify an appropriate therapeutic objective, select
among alternatives, consider patient-specific characteristics, calculate and individualize dosage,
anticipate interactions and contraindications, communicate treatment instructions, establish
monitoring parameters, evaluate therapeutic effectiveness, recognize adverse reactions, and
modify treatment when circumstances change. The available literature confirms that prescribing
represents a complex combination of knowledge, skills, and attitudes rather than a simple recall
task. Evidence concerning graduating medical students has also identified important deficiencies
in prescribing competence, particularly in general prescribing, antimicrobial prescribing, and
pharmacovigilance, supporting the need for stronger undergraduate clinical pharmacology and
therapeutics education.

The findings therefore support a distinction between pharmacological knowledge,
pharmacological application, and pharmacological competence. Pharmacological knowledge
encompasses factual and conceptual understanding of medicines and their biological effects.
Pharmacological application involves using this knowledge to analyze clinical situations.
Pharmacological competence represents the ability to perform appropriate therapeutic decisions
consistently, safely, and professionally. A modern curriculum should progressively move learners
through all three levels. Educational programmes that concentrate almost exclusively on the first
level may produce students capable of passing written examinations while remaining inadequately
prepared for real-world prescribing.

The evidence further indicates that the traditional separation between pharmacology and
pharmacotherapy is educationally problematic. Medical pharmacology provides the scientific
basis for understanding treatment, whereas pharmacotherapy requires the translation of this
knowledge into decisions concerning individual patients. Clinical pharmacology occupies the
interface between these domains by addressing the use of medicines in human beings, including
pharmacokinetic variability, pharmacodynamic response, therapeutic drug monitoring,
interactions, adverse drug reactions, pharmacogenomics, clinical trials, and individualized therapy.
The conceptual synthesis therefore identifies integration of these three domains as a central
educational requirement.

A second major finding concerns the organization of the curriculum. The evidence supports
longitudinal integration rather than concentration of pharmacology within a single early preclinical
block. The most educationally coherent structure is a spiral model in which fundamental
pharmacological principles are introduced early, revisited during organ-system education, and
subsequently applied in clinical clerkships. This approach allows students to encounter the same
concepts at progressively greater levels of complexity. For example, basic pharmacokinetics can
initially be taught through simple dose-concentration relationships and subsequently revisited
through renal impairment, hepatic dysfunction, therapeutic drug monitoring, drug interactions,
and individualized dosing. Such repetition reinforces knowledge while progressively converting

theoretical understanding into clinical competence.
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The findings also indicate that horizontal curricular integration is essential. Pharmacology should
be connected with physiology, biochemistry, pathology, microbiology, immunology, genetics,
epidemiology, and clinical medicine. A pharmacological mechanism becomes substantially more
meaningful when students understand the biological process being modified. Similarly,
antimicrobial therapy is more effectively understood when pharmacology is linked to
microbiological diagnosis, resistance mechanisms, susceptibility testing, infection control, and
clinical severity. Cardiovascular pharmacotherapy becomes more comprehensible when students
integrate receptor pharmacology with cardiovascular physiology, pathophysiology, risk
stratification, and clinical outcomes.

The synthesis demonstrates that clinical relevance is one of the most important determinants of
meaningful pharmacology learning. Students frequently perceive pharmacology as information-
intensive because many conventional teaching strategies present medicines as lists of drug
classes, mechanisms, indications, adverse effects, and contraindications. When these facts are
presented without clinical context, students may experience cognitive overload and have difficulty
determining which information is most important. By contrast, clinically situated learning gives
pharmacological information a functional purpose. The question changes from “What are the
adverse effects of this drug?” to “Which adverse effects are clinically important in this patient,
how would you recognize them, and what would you do if they occurred?” This transformation
promotes deeper learning.

The evidence on educational interventions strongly reinforces this conclusion. A comprehensive
scoping review of 80 studies involving medical students found a broad range of approaches,
including e-learning, case-based learning, interprofessional learning, experiential education, and
other innovative methods. All included studies reported at least one positive outcome at
Kirkpatrick level 1 or 2, although none demonstrated outcomes at levels 3 or 4. This finding is
simultaneously encouraging and cautionary: educational interventions appear capable of
improving immediate learning and learner responses, but evidence that these gains translate into
sustained changes in clinical behavior or patient outcomes remains insufficient.

The major finding is that case-based learning represents a particularly appropriate pedagogical
bridge between pharmacological science and therapeutic decision-making. Pharmacological cases
allow students to apply mechanisms and principles in realistic contexts. The educational value of
a case depends on its construction. A superficial case may simply ask students to identify a drug.
A sophisticated case requires them to determine the therapeutic objective, evaluate the patient's
clinical characteristics, compare alternatives, justify the selected medicine, calculate the dose,
anticipate adverse effects, identify monitoring requirements, and explain the decision using
current evidence.

Case complexity should increase progressively throughout the MD programme. Early cases should
focus on relatively straightforward therapeutic problems. Intermediate cases can introduce
comorbidity, altered pharmacokinetics, drug interactions, and adherence problems. Advanced
cases should include multimorbidity, polypharmacy, organ dysfunction, treatment failure, adverse
drug reactions, antimicrobial resistance, pregnancy, geriatric considerations, genetic variation,
and competing therapeutic priorities. This progressive design allows the learner to develop
increasingly sophisticated therapeutic schemas.

The finding is that prescribing education should be explicitly integrated into pharmacology rather
than assumed to emerge automatically from pharmacological knowledge. The systematic review
of educational interventions for medical students found that additional prescribing education was
associated with improved prescribing skills in 11 of 12 included studies. Interventions included
case-based teaching, patient-based learning, and tutorials, didactic teaching, and mixed
approaches. These findings suggest that prescribing competence is teachable and that structured
educational exposure can produce measurable improvement.
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However, the evidence also reveals considerable heterogeneity. There is no universally accepted
optimal educational modality, assessment instrument, timing, or duration for prescribing
education. This heterogeneity should not be interpreted as evidence that prescribing education
lacks value. Rather, it demonstrates that universities require curriculum-level coherence. A single
prescribing workshop is unlikely to produce durable competence. Prescribing should be
introduced early, practiced repeatedly, assessed progressively, and reinforced during clinical
rotations.

The finding concerns the World Health Organization rational-prescribing approach as an important
conceptual foundation. The six-step prescribing process provides a practical structure through
which students can move from defining the patient's problem to specifying therapeutic objectives,
verifying treatment suitability, initiating treatment, providing information, monitoring effects, and
reassessing the therapeutic decision. The educational value of such a framework is that it
transforms pharmacology into an organized clinical process. Rather than memorizing isolated drug
characteristics, students learn how pharmacological information contributes to a sequence of
therapeutic decisions.

The finding is the importance of Evidence-Based Medicine as an integral component of
pharmacological reasoning. Modern physicians cannot safely depend exclusively on memorized
pharmacological knowledge because therapeutic evidence changes continuously. New
randomized trials, systematic reviews, pharmacovigilance signals, regulatory communications,
and clinical guidelines may alter the perceived balance of benefit and risk of established therapies.
Medical students must therefore learn how to identify, evaluate, and apply current evidence.
The evidence concerning EBM education supports this approach but also identifies significant
limitations. A systematic review of undergraduate medical education found that several EBM
approaches improved knowledge, attitudes, or skills, but the available evidence did not
demonstrate superiority of one educational method. Furthermore, long-term transfer into clinical
practice was insufficiently studied. This finding supports a blended model rather than
methodological exclusivity.

The findings suggest that EBM should be clinically embedded rather than compartmentalized. A
student learning cardiovascular pharmacology, for example, should not only know the mechanism
of adrug class but should also be able to formulate a therapeutic question concerning comparative
effectiveness or safety, locate an appropriate systematic review or clinical guideline, assess the
credibility of the evidence, interpret treatment effects, and determine whether the evidence
applies to the patient under consideration. Such integration transforms EBM from an abstract
methodological discipline into a practical clinical skill.

Evidence from broader medical education also supports clinical integration. A systematic review
comparing standalone and clinically integrated EBM education found that standalone approaches
improved knowledge but did not consistently improve skills, attitudes, or behavior, whereas
clinically integrated approaches demonstrated broader improvements. Although these findings
derive principally from postgraduate education, their educational principle is directly relevant to
undergraduate pharmacology: evidence appraisal is most likely to become meaningful when
learners use it to solve authentic clinical problems.

The finding concerns active learning. Pharmacology requires students to integrate multiple
concepts simultaneously, making it particularly suitable for learning strategies that require active
cognitive engagement. Problem-based learning, case-based learning, team-based learning, peer
instruction, concept mapping, retrieval practice, and structured discussion can all encourage
students to retrieve and apply knowledge rather than passively receive information.

The evidence indicates that active learning should not necessarily replace all conventional
instruction. Short, carefully structured lectures remain useful for introducing difficult concepts,
correcting misconceptions, and organizing large bodies of knowledge. The more appropriate
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model is therefore a blended pedagogical system. Direct instruction should establish conceptual
foundations, whereas active learning should provide opportunities for application, integration,
and reasoning.

The finding is that problem-based learning can improve the clinical meaningfulness of
pharmacology when cases are appropriately designed. In problem-based learning, students
encounter a clinical problem before receiving a complete explanation. They identify their
knowledge gaps, formulate learning objectives, seek information, and subsequently apply what
they have learned. This process mirrors clinical practice, where physicians frequently encounter
unfamiliar therapeutic questions and must independently acquire relevant knowledge.
Nevertheless, problem-based learning should not be regarded as inherently superior to all other
methods. Its effectiveness depends on facilitation quality, case design, learner preparation, group
dynamics, curricular timing, and assessment alignment. The evidence therefore supports selective
and purposeful use rather than universal replacement of lectures.

The finding concerns team-based learning and collaborative reasoning. Pharmacotherapy
frequently involves competing therapeutic alternatives. Collaborative discussion enables students
to explain why one treatment might be preferred over another and to identify assumptions
underlying different decisions. This can expose misconceptions that may remain invisible during
individual study.

Team-based learning also develops communication and accountability. Students must prepare
before class, demonstrate individual understanding, discuss application problems, and reach
group decisions. These processes resemble clinical environments in which therapeutic decisions
are frequently discussed within multidisciplinary teams.

The finding concerns interprofessional education. Recent evidence specifically addressing
pharmacology and prescribing found positive effects across pharmacological knowledge,
prescribing skills, and interprofessional attitudes. A 2025 scoping review identified 42 studies
involving medical students and trainees; interventions included case-based learning, work-
integrated learning, didactic education, simulation, and role-play. The studies reported positive
findings across several Kirkpatrick levels, although logistical barriers to large-scale implementation
remained important.

These findings have major implications for university curricula. Medication safety is inherently
interprofessional. Physicians prescribe, pharmacists evaluate and dispense medicines, nurses
administer many treatments and monitor patients, and multiple professionals contribute to
medication reconciliation, education, and pharmacovigilance. Educational experiences should
therefore expose students to the interconnectedness of these responsibilities.

The finding is that experiential learning should receive greater attention. Classroom-based
instruction cannot fully reproduce the complexity of medication use in clinical environments.
Students should have opportunities to observe and participate in medication reconciliation,
prescribing review, therapeutic monitoring, patient counseling, adverse-event reporting, and
multidisciplinary treatment planning under appropriate supervision.

Experiential learning should be structured rather than passive. Students should receive defined
objectives, preparation activities, observation criteria, opportunities for participation, and
structured reflection. Reflection is particularly valuable because it enables learners to identify
discrepancies between theoretical pharmacology and actual clinical decision-making.

The finding concerns simulation-based education. Simulation can reproduce medication-related
situations that are difficult to encounter reliably during routine clinical rotations. Examples include
high-risk prescribing, severe adverse drug reactions, medication errors, anticoagulation problem:s,
antimicrobial stewardship decisions, polypharmacy, drug interactions, and emergency
pharmacotherapy.
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Simulation is especially valuable for patient-safety education because errors can be analyzed
without causing patient harm. Students can be required to identify an incorrect prescription,
recognize a contraindication, correct a dose, respond to an adverse reaction, or communicate an
urgent medication recommendation. Repeated practice can increase familiarity and reduce
anxiety before students encounter comparable situations clinically.

The finding is that digital learning should be strategically integrated rather than used merely as
electronic content delivery. Digital pharmacology resources can provide interactive mechanisms
of action, virtual patients, drug databases, clinical calculators, adaptive quizzes, electronic
formularies, simulated prescribing systems, and immediate feedback. These resources can
support self-directed learning and repeated practice.

However, the educational value of digital learning depends on instructional design. Converting a
traditional lecture into a video does not automatically constitute innovation. Effective digital
learning should require students to retrieve, apply, compare, predict, explain, or make decisions.
Interactive clinical cases and adaptive assessment are therefore likely to be more educationally
valuable than passive video consumption.

The fourteenth finding concerns gamification and game-based learning. Game-based approaches
can potentially improve engagement, retrieval, knowledge reinforcement, and motivation. They
may be particularly useful for learning drug classifications, mechanisms, adverse effects,
interactions, and clinical recognition patterns. However, gamification should support educational
objectives rather than become an entertainment activity. Competitive elements should be
designed carefully to prevent superficial learning and excessive anxiety.

The finding concerns flipped learning. The flipped model can redistribute educational time by
moving basic content acquisition outside scheduled sessions and using classroom time for
application. This is particularly relevant to pharmacology because classroom time can be used for
prescribing exercises, therapeutic calculations, case analysis, evidence appraisal, and discussion
rather than repetitive presentation of information.

The finding is that formative feedback should become an explicit educational intervention.
Pharmacological reasoning is complex, and students may not recognize why a therapeutic decision
is incorrect. Feedback should therefore explain the reasoning process rather than merely identify
the correct answer. For example, if a student selects an inappropriate medicine because of renal
impairment, feedback should identify the pharmacokinetic principle involved, explain the clinical
consequence, and demonstrate how the treatment decision should be revised.

The finding concerns assessment alignment. Educational objectives, teaching methods, learning
activities, and assessment should be constructively aligned. If the curriculum states that students
should develop prescribing competence but the final examination measures only factual recall,
the assessment system undermines the curriculum's stated goals.

A comprehensive assessment strategy should therefore include multiple modalities. Written
examinations can evaluate foundational pharmacological knowledge. Clinical vignettes can assess
therapeutic reasoning. Prescription-writing exercises can evaluate practical prescribing. OSCEs can
assess integrated clinical performance. Critical appraisal assignments can assess EBM
competence. Portfolios can document longitudinal development. Oral examinations can evaluate
reasoning under questioning.

The finding concerns prescription-writing competence as an observable clinical skill. Prescription
writing should be practiced repeatedly rather than treated as an administrative exercise. Students
should learn to specify medicine, dose, route, frequency, duration, relevant instructions, and
monitoring requirements. They should also recognize the importance of allergy status,
contraindications, interactions, renal and hepatic function, patient age, pregnancy status where
relevant, and medication reconciliation.
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The finding is that medication safety and pharmacovigilance should be integrated across the
curriculum. Students should learn to identify preventable medication errors and distinguish them
from adverse drug reactions that occur despite appropriate prescribing. They should understand
reporting mechanisms, causality assessment, signal detection, and risk minimization. These
concepts should be repeatedly reinforced through clinical cases.

The finding concerns antimicrobial stewardship. Antimicrobial pharmacology should be connected
to resistance, diagnostic stewardship, microbiological evidence,
pharmacokinetic/pharmacodynamic principles, appropriate spectrum, de-escalation, duration,
and prevention of unnecessary exposure. Students should understand that individual prescribing
decisions have population-level consequences.

The finding concerns polypharmacy and multimorbidity. Traditional pharmacology cases
frequently focus on single diseases and single medicines. Modern clinical practice is different.
Students should therefore encounter cases involving multiple chronic diseases and multiple
medications. Such cases can teach therapeutic prioritization, deprescribing, interaction
management, adherence assessment, medication reconciliation, and risk-benefit evaluation.

The finding is the importance of patient-centered pharmacotherapy. Treatment decisions should
incorporate patient preferences, values, health literacy, adherence capacity, financial
considerations, route preferences, lifestyle, and treatment goals. Students should learn to
communicate uncertainty and risk using understandable language. The ability to prescribe
correctly but communicate poorly remains an incomplete form of therapeutic competence.

The finding concerns pharmacogenomics and precision medicine. Contemporary pharmacology
education should introduce students to genetic determinants of drug response and toxicity. The
objective is not to turn all MD students into pharmacogenomics specialists but to establish
sufficient conceptual competence to recognize when genetic information may be clinically
relevant and when specialized testing or consultation may be appropriate.

The finding concerns clinical decision-support systems. Electronic prescribing systems, interaction
databases, dosage calculators, and guideline-integrated tools increasingly influence clinical
decisions. Students should learn how to use such systems appropriately while recognizing that
decision-support tools can contain incomplete information or generate excessive alerts.
Competence therefore requires both technological literacy and clinical judgment.

The finding concerns artificial intelligence in pharmacology education. Al may support
personalized explanations, simulated cases, question generation, feedback, literature navigation,
and adaptive learning. However, students should be trained to verify Al-generated information
and recognize that plausible language does not guarantee pharmacological accuracy. Al should
therefore be positioned as an assistive educational resource within a framework of human
supervision, evidence verification, and professional accountability.

The finding concerns information literacy. Students are increasingly confronted with an enormous
volume of pharmacological information from textbooks, databases, websites, social media,
pharmaceutical promotional materials, Al systems, and clinical guidelines. The ability to identify
authoritative information is therefore a core professional competence. Students should be trained
to prioritize peer-reviewed evidence, authoritative formularies, regulatory information, evidence-
based guidelines, systematic reviews, and appropriately designed primary studies.

The finding concerns clinical reasoning. Pharmacological decisions should be incorporated into
broader diagnostic and therapeutic reasoning. Students should learn that medication selection is
dependent upon the certainty of diagnosis, severity of disease, prognosis, therapeutic goals,
competing risks, and patient context. Pharmacology should therefore be integrated into clinical
reasoning rather than taught as an independent decision-making system.

The finding is that uncertainty should be explicitly taught. Medical evidence is rarely absolute.
Studies have confidence intervals, heterogeneous populations, methodological limitations, and
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uncertain external validity. Students should understand that evidence-informed prescribing
frequently involves balancing probabilities rather than identifying certainty. Teaching uncertainty
can reduce inappropriate confidence and promote safer clinical decision-making.

The finding concerns critical appraisal of pharmaceutical information. Students should be able to
identify potential conflicts of interest, industry sponsorship, selective reporting, surrogate
endpoints, publication bias, inappropriate subgroup analysis, and exaggerated relative treatment
effects. This competence is essential because prescribing decisions can be influenced by
commercial communication as well as scientific evidence.

The concerns faculty development. Innovative curricula cannot be sustained if educators lack the
pedagogical expertise necessary to implement them. Faculty development should address active
learning, EBM instruction, case development, simulation, assessment, feedback, digital teaching,
Al literacy, and educational research methodology.

The finding concerns institutional support. Curriculum innovation requires time, infrastructure,
educational technology, clinical partnerships, simulation facilities, access to evidence resources,
and appropriate recognition of teaching scholarship. Without institutional support, educational
innovation may remain dependent on individual faculty enthusiasm and become unsustainable.
The finding concerns educational evaluation. The available literature reveals a substantial
imbalance between immediate educational outcomes and meaningful clinical outcomes. The 80-
study scoping review found positive results primarily at Kirkpatrick levels 1 and 2 and no level 3 or
4 outcomes. This represents one of the most important research gaps in pharmacology education.
Future studies should therefore evaluate whether educational interventions alter prescribing
behavior, medication safety, clinical reasoning, and patient outcomes. Longitudinal assessments
should examine knowledge retention and transfer after graduation. Multicenter studies should
compare educational strategies using validated instruments and standardized competencies.
The finding concerns the need for standardized pharmacological competencies. Existing literature
has identified uncertainty regarding precisely which prescribing competencies medical graduates
should possess. Universities should therefore collaborate to define minimum graduate
competencies in  pharmacology, pharmacotherapy, prescribing, medication safety,
pharmacovigilance, EBM, and clinical reasoning.

A proposed minimum competency framework should include the following domains: foundational
pharmacological science; therapeutic selection; dose individualization; prescription writing;
medication reconciliation; adverse drug reaction recognition; drug-interaction management;
antimicrobial stewardship; pharmacovigilance; EBM; patient counseling; shared decision-making;
interprofessional communication; ethical prescribing; digital literacy; and lifelong therapeutic
learning.

The finding concerns progressive complexity. Competence should not be expected to emerge
suddenly during the final year of medical education. Instead, competencies should develop
through a deliberate progression from simple to complex cases. The first stage may involve
individual drug mechanisms. The second may involve treatment of common conditions. The third
may involve individualized prescribing. The fourth may involve polypharmacy and multimorbidity.
The fifth may involve uncertainty, competing risks, and evidence conflicts. The final stage should
involve independent clinical reasoning under supervision.

The finding concerns the role of clinical pharmacologists and pharmacology educators. These
professionals can serve as bridges between basic science and clinical medicine. Their contribution
should extend beyond classroom teaching to curriculum development, prescribing assessment,
medication-safety initiatives, pharmacovigilance education, clinical consultation, and educational
research.

The finding is that pharmacy and medical education should interact more closely. Pharmacists
contribute specialized knowledge regarding medicine selection, interactions, adherence,
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medication-use systems, and safety. Interprofessional learning can help MD students recognize
when pharmacist expertise should be sought and how collaborative decision-making can improve
medication management.

The finding concerns graduate preparedness. The literature indicating deficiencies among final-
year students suggests that universities should not assume that clinical exposure automatically
produces prescribing competence. Structured learning objectives and explicit assessment are
necessary to ensure that students achieve minimum competencies before graduation.

The finding concerns retention. Immediate post-intervention improvements are insufficient if
knowledge and skills disappear rapidly. Educational programmes should therefore use spaced
repetition, longitudinal reinforcement, cumulative assessment, and repeated clinical application.
Pharmacology concepts should recur across multiple courses rather than being examined once
and subsequently abandoned.

The finding is that retrieval practice and repeated application should become central to
pharmacology learning. Students should repeatedly retrieve important concepts and apply them
to different clinical contexts. This is especially important for high-risk medications, common
therapeutic principles, dose calculations, adverse reactions, and emergency pharmacotherapy.
The finding concerns educational personalization. Students enter medical school with different
levels of prior knowledge and develop different areas of difficulty. Adaptive digital assessment can
identify weaknesses and provide targeted practice. Nevertheless, personalization should
complement rather than replace faculty supervision.

The finding concerns equity and accessibility. Digital innovation should not increase educational
disparities. Institutions should ensure access to essential learning resources, provide appropriate
alternatives when technology is unavailable, and design materials that accommodate diverse
learning needs.

The finding concerns global applicability. The principles of pharmacological reasoning, EBM,
patient safety, and rational prescribing are internationally transferable, although formularies,
regulations, guidelines, and resource availability differ. MD programmes should therefore teach
universal principles while ensuring that students understand the therapeutic environment in
which they will practice.

The finding is that medical pharmacology should be treated as a patient-safety discipline.
Medication-related harmis not simply a clinical problem occurring after graduation; its prevention
begins during medical school. Every prescribing exercise, therapeutic case, and assessment
represents an opportunity to establish safe professional habits.

The finding concerns ethical responsibility. Physicians possess substantial authority over
medication exposure. Students must therefore understand that prescribing carries ethical
responsibilities involving autonomy, beneficence, non-maleficence, justice, transparency, and
accountability. Evidence-based prescribing should be integrated with patient-centered ethical
reasoning.

The finding concerns the need for curricular coherence. Educational innovations are most
effective when they form part of a coherent curriculum rather than appearing as isolated activities.
A university should therefore map pharmacological competencies across courses, identify where
each competency is introduced, reinforced, and assessed, and identify gaps or unnecessary
duplication.

The finding concerns constructive alignment. Learning objectives should determine educational
activities and assessment. If the intended objective is evidence-informed prescribing, students
should be given opportunities to appraise evidence and should be assessed on evidence-informed
prescribing. If the objective is medication safety, students should encounter medication-error
scenarios and be assessed on their ability to identify and prevent errors.



«Reviews of Modern Science» (September 3-4, 2026). Zirich, Switzerland I

The finding concerns educational scholarship. Faculty should systematically evaluate innovations
rather than simply introducing them. Educational interventions should be described sufficiently
clearly to permit replication and should use appropriate outcome measures. Publication of
negative or neutral findings is also important to reduce publication bias and provide realistic
evidence regarding educational effectiveness.

The finding concerns the importance of longitudinal clinical integration of EBM. The evidence
suggests that classroom-based EBM instruction can improve knowledge, but clinically integrated
approaches may better support broader competencies. Consequently, EBM should appear
repeatedly during pharmacology and clinical rotations in response to authentic therapeutic
guestions.

The finding is that the strongest conceptual model is multimodal rather than monolithic. No single
teaching strategy should dominate the entire pharmacology curriculum. Lectures, cases, problem-
based learning, team-based learning, simulation, digital education, experiential learning, EBM
exercises, interprofessional education, and independent study each address different educational
requirements.

The major finding is that the ultimate outcome of pharmacology education should be defined as
evidence-informed therapeutic competence. This competence represents the integrated capacity
to understand pharmacological science, identify therapeutic problems, evaluate evidence, select
individualized treatment, prescribe safely, monitor outcomes, recognize harm, communicate
effectively, collaborate with other professionals, and continuously update knowledge.

On the basis of the synthesized findings, the proposed educational framework can be
conceptualized as a progressive six-dimensional model. The first dimension is scientific
pharmacology, establishing the biological and mechanistic foundation. The second is
pharmacotherapeutic reasoning, translating scientific principles into treatment decisions. The
third is Evidence-Based Medicine, enabling students to locate and evaluate external evidence. The
fourth is clinical performance, encompassing prescribing, monitoring, medication reconciliation,
and patient counseling. The fifth is professional and safety competence, incorporating
pharmacovigilance, antimicrobial stewardship, ethical practice, interprofessional collaboration,
and medication safety. The sixth is lifelong learning, enabling graduates to respond to therapeutic
innovation and continuously changing evidence.

The interaction of these dimensions creates an educational pathway from knowledge to
application, application to reasoning, reasoning to evidence-informed decision-making, decision-
making to safe clinical performance, and clinical performance to lifelong professional competence.
This progression should be explicitly represented in curriculum maps, course objectives, teaching
activities, assessment systems, and faculty-development programmes.

The evidence also indicates that the proposed framework should be implemented longitudinally
rather than through a single curricular reform event. During the early years of the MD programme,
students should establish foundational pharmacological knowledge and basic evidence-appraisal
skills. During intermediate years, pharmacology should become increasingly case-based and
integrated with organ-system medicine. During clinical years, students should perform supervised
prescribing, medication review, pharmacovigilance, and evidence-appraisal activities. During the
final phase, assessment should focus on integrated therapeutic competence and preparedness for
safe prescribing.

An additional research implication is the need for a more sophisticated educational evidence base.
Future investigations should compare integrated versus isolated pharmacology education;
determine the relative effectiveness of different active-learning strategies; evaluate longitudinal
retention; examine transfer into clinical settings; assess interprofessional interventions; evaluate
simulation and digital learning; and investigate how Al affects pharmacological learning and clinical
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reasoning. Studies should use validated outcome measures, appropriate comparison groups,
effect sizes, delayed assessments, and, where feasible, behavioral and patient-level outcomes.
The existing literature provides an encouraging foundation but also demonstrates that the field
remains methodologically immature. The consistent presence of positive short-term educational
outcomes suggests that pharmacology education can be improved substantially through
structured intervention. However, the absence of sufficient evidence at higher Kirkpatrick levels
means that educational researchers should resist overclaiming the clinical effectiveness of
individual pedagogical approaches. The appropriate conclusion is that innovative and integrated
teaching strategies show promise, while rigorous longitudinal evaluation remains necessary.

The conceptual synthesis therefore establishes several overarching conclusions. Medical
pharmacology education should be clinically oriented, longitudinally integrated, competency-
based, evidence-informed, patient-centered, technologically supported, and continuously
evaluated. Pharmacology should no longer be regarded as an isolated body of preclinical
information but as an essential component of clinical decision-making and patient safety.
Pharmacotherapy should be taught as an applied reasoning process. Clinical pharmacology should
provide the bridge between mechanisms and patient-specific treatment. EBM should provide the
epistemic foundation for evaluating therapeutic alternatives. Innovative educational strategies
should provide the learning environment in which students repeatedly practice these
competencies.

The resulting educational philosophy is fundamentally different from a traditional content-delivery
model. Its central question is no longer “How much pharmacology can students remember?” but
“Can students use pharmacological knowledge to make safe, rational, evidence-informed
decisions for individual patients?” This shift represents the principal research finding of the
present conceptual analysis.

The proposed framework consequently defines successful medical pharmacology education
through observable performance. A successful MD graduate should be able to explain the
scientific basis of drug action; identify appropriate therapeutic objectives; select medicines using
evidence and patient-specific information; calculate and prescribe appropriate doses; recognize
contraindications and interactions; monitor efficacy and safety; detect and report adverse drug
reactions; apply antimicrobial stewardship principles; critically appraise evidence; communicate
treatment decisions; collaborate with pharmacists and other healthcare professionals; use digital
and Al-supported resources critically; and recognize when new evidence requires reconsideration
of established practice.

In this context, educational excellence becomes inseparable from clinical safety. Improving
pharmacology education is therefore not merely a pedagogical exercise. It is an institutional
responsibility to future patients and healthcare systems. The preparation of physicians capable of
safe and rational medicine use requires deliberate curricular design, sustained faculty
development, appropriate assessment, meaningful clinical integration, and systematic
educational evaluation.

The research and findings support the implementation of a comprehensive, longitudinal,
competency-based model integrating medical pharmacology, pharmacotherapy, clinical
pharmacology, Evidence-Based Medicine, active learning, case-based education, problem-based
learning, team-based learning, simulation, digital education, interprofessional learning, formative
feedback, prescribing practice, pharmacovigilance, medication safety, and lifelong learning. The
evidence does not support a simplistic replacement of traditional teaching with one “innovative”
method. Rather, it supports a carefully designed educational ecosystem in which different
strategies are deliberately selected according to specific learning objectives.

The educational product should therefore be a physician who does not merely know medicines
but understands how to use them responsibly. Such a physician can integrate scientific evidence
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with clinical circumstances, patient preferences, professional expertise, and safety considerations.
This represents the essential transition from pharmacological knowledge to therapeutic
competence, and it constitutes the central foundation of a modern university-based medical
pharmacology curriculum for MD students.

The synthesis indicates that the central challenge in contemporary pharmacology education is not
the absence of pharmacological information but the difficulty of converting large volumes of
information into durable, clinically transferable competence. The literature consistently
demonstrates a movement toward integrated, active, learner-centered education. Recent
pharmacology scholarship specifically identifies active learning, case-based learning, problem-
based learning, team-based learning, personalized learning, and technology-supported
engagement as important directions for curriculum development.

Medical Pharmacology and Clinical Pharmacology for MD Medical Students

Medical pharmacology and clinical pharmacology represent core disciplines within undergraduate
medical education, providing the essential scientific and clinical foundations for rational drug
therapy and patient-centered pharmacotherapeutic decision-making. In contemporary medical
education, rapid advances in biomedical sciences, molecular medicine, pharmacogenomics, and
therapeutic technologies necessitate the continuous improvement and modernization of
pharmacology curricula. The improvement of the learning course in medical pharmacology and
clinical pharmacology for MD students is therefore a critical academic priority aimed at enhancing
the quality of medical training, ensuring safe prescribing practices, and strengthening the
integration between basic biomedical knowledge and clinical practice.

The conceptual plan for the improvement of this course focuses on strengthening theoretical
depth, promoting clinical relevance, incorporating innovative teaching methodologies, and
aligning the curriculum with international standards of medical education. The revised course
design seeks to foster analytical thinking, evidence-based therapeutic decision-making, and
professional competencies necessary for modern physicians.

Academic Goals of the Course Improvement

The improvement strategy for the learning course aims to enhance the educational effectiveness
of pharmacology instruction by reinforcing the integration of basic pharmacological sciences with
clinical pharmacotherapy. The improved curriculum is designed to support the development of
advanced competencies in rational prescribing, drug safety evaluation, therapeutic monitoring,
and individualized treatment strategies.

A major objective of the course enhancement is to shift the traditional teaching paradigm from
memorization of drug lists toward a deeper conceptual understanding of pharmacological
mechanisms, clinical reasoning, and patient-oriented pharmacotherapy. This approach ensures
that future physicians acquire not only knowledge of pharmacological agents but also the capacity
to apply this knowledge effectively in complex clinical contexts.

Conceptual Framework for Course Improvement

The conceptual framework of the improved course is structured around four interconnected
academic pillars.

The first pillar focuses on foundational pharmacological sciences, including molecular
pharmacology, pharmacokinetics, and pharmacodynamics. Strengthening these theoretical
foundations allows students to understand the biological mechanisms underlying drug action and
therapeutic effects.
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The second pillar emphasizes system-based pharmacology, in which pharmacological agents are
studied in relation to specific physiological systems and disease processes. This structure
promotes a clinically integrated understanding of pharmacotherapy.

The third pillar centers on clinical pharmacology and rational therapeutics, including drug
selection, dose optimization, therapeutic drug monitoring, and evidence-based prescribing
practices.

The fourth pillar incorporates innovative and future-oriented pharmacology, including
pharmacogenetics, personalized medicine, biologic therapies, and emerging pharmacological
technologies.

Through the integration of these conceptual domains, the improved course provides a
comprehensive educational framework that bridges fundamental pharmacological science with
clinical medical practice.

Curriculum Structure and Content Enhancement

The improved curriculum includes several thematic modules designed to progressively develop
pharmacological knowledge and clinical competencies.

The introductory component of the course focuses on general principles of pharmacology,
including drug classification, mechanisms of drug action, receptor pharmacology, and the scientific
basis of pharmacotherapy. Students are introduced to the processes of drug discovery, clinical
trials, regulatory approval, and post-marketing surveillance.

The next component addresses pharmacokinetic principles, including drug absorption,
distribution, metabolism, and elimination. Emphasis is placed on understanding pharmacokinetic
variability, therapeutic drug monitoring, and the impact of physiological and pathological
conditions on drug disposition.

Pharmacodynamic principles are then explored in detail, including receptor binding, dose—
response relationships, signal transduction mechanisms, therapeutic index, drug potency, and
efficacy. These concepts form the scientific basis for rational therapeutic decision-making.
System-based pharmacology represents a major component of the course. Within this framework,
students study pharmacological treatments related to major organ systems, including the
cardiovascular system, central nervous system, respiratory system, gastrointestinal system,
endocrine system, and immune system. Each system-based module integrates pathophysiological
mechanisms with pharmacological interventions, allowing students to develop a clinically oriented
understanding of drug therapy.

A dedicated section of the curriculum focuses on antimicrobial pharmacology and chemotherapy,
addressing the mechanisms of action of antibiotics, antiviral agents, antifungal drugs, and
antiparasitic medications. Special attention is given to antimicrobial resistance, rational antibiotic
prescribing, and global public health implications.

Clinical pharmacology represents a central component of the improved course. Students learn
principles of rational prescribing, therapeutic guidelines, drug selection strategies, and patient-
specific dose adjustment. The course also addresses issues such as polypharmacy, drug—drug
interactions, and medication management in special populations, including pediatric, geriatric,
and pregnant patients.

Drug safety and pharmacovigilance constitute another critical component of the curriculum.
Students are trained to recognize adverse drug reactions, identify medication errors, and
understand the importance of pharmacovigilance systems in ensuring medication safety at both
national and international levels.

The course also integrates emerging areas of pharmacological science, including
pharmacogenomics, targeted therapies, biologic drugs, monoclonal antibodies, and
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nanopharmacology. These topics provide students with insights into the future directions of
pharmacotherapy and personalized medicine.

Innovative Teaching and Learning Strategies

The improvement of the pharmacology course involves the incorporation of modern pedagogical
strategies that enhance student engagement and clinical reasoning. Traditional lectures are
complemented by interactive teaching methods such as problem-based learning, case-based
discussions, and small-group seminars.

Clinical case simulations and scenario-based learning exercises allow students to apply
pharmacological knowledge in realistic clinical contexts. These activities strengthen diagnostic
reasoning and therapeutic decision-making skills.

Digital educational technologies, including virtual pharmacology laboratories, online
pharmacological databases, and e-learning platforms, are integrated into the course to support
independent learning and facilitate access to updated pharmacological information.
Interdisciplinary teaching approaches are also encouraged, promoting collaboration between
pharmacology faculty and clinical departments such as internal medicine, cardiology, infectious
diseases, and oncology.

Improved Teaching and Learning Methods in Medical Pharmacology and Clinical Pharmacology for
MD Medical Students

The improvement of the learning course in Medical Pharmacology and Clinical Pharmacology
requires the implementation of diverse, student-centered, and clinically oriented teaching and
learning methods. Modern medical education emphasizes active learning, integration of
theoretical knowledge with clinical practice, and the development of critical thinking and decision-
making skills. Therefore, a combination of traditional and innovative pedagogical approaches
should be employed to ensure comprehensive understanding and practical application of
pharmacological principles.

One of the core teaching strategies is the use of interactive lectures. These lectures should not be
limited to passive knowledge transmission but should incorporate discussion, questioning, and
problem-solving activities. The interactive format allows students to engage with pharmacological
concepts actively, facilitating deeper understanding of drug mechanisms, pharmacokinetic
processes, and therapeutic applications.

Another essential method is case-based learning (CBL). In this approach, pharmacological
knowledge is presented through clinical cases that simulate real patient scenarios. Students
analyze  symptoms, review diagnostic information, and determine appropriate
pharmacotherapeutic interventions. Case-based learning strengthens clinical reasoning and helps
students apply pharmacological theory to practical medical decision-making.

Problem-based learning (PBL) represents an additional important pedagogical strategy. In PBL
sessions, small groups of students are presented with complex clinical problems that require
independent research, collaborative discussion, and evidence-based solutions. This method
promotes self-directed learning, critical analysis, and the integration of pharmacology with other
biomedical sciences.

Small-group seminars and discussions are also highly effective in pharmacology education. These
sessions allow students to explore complex pharmacological topics in depth, discuss recent
research findings, and engage in scientific dialogue with instructors and peers. Seminar-based
learning encourages analytical thinking and supports the development of communication skills.
The incorporation of clinical pharmacology simulations provides students with opportunities to
practice therapeutic decision-making in controlled educational environments. Simulation-based
exercises may include virtual patients, prescribing simulations, or computerized pharmacotherapy
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scenarios. Such activities help students develop competence in drug selection, dosage calculation,
and management of adverse drug reactions.

Laboratory demonstrations and practical sessions also play an important role in pharmacology
education. These activities may include experimental demonstrations of drug effects,
pharmacokinetic modeling exercises, or interpretation of pharmacological data. Practical sessions
enhance students’ understanding of pharmacological mechanisms and experimental methods
used in drug research.

Another recommended teaching method is integrated interdisciplinary teaching. Collaboration
between pharmacology faculty and clinical departments enables students to observe how
pharmacological principles are applied in real medical practice. Joint teaching sessions with
specialists from cardiology, infectious diseases, endocrinology, or oncology can significantly
strengthen the clinical relevance of pharmacology education.

The use of digital learning technologies further enhances the learning process. Online educational
platforms, pharmacology databases, electronic drug formularies, and multimedia resources allow
students to access up-to-date pharmacological information and support independent learning.
Virtual learning environments can also facilitate quizzes, discussion forums, and interactive
pharmacology modules.

The research-oriented learning should be encouraged. Students may be involved in literature
reviews, pharmacological research projects, or critical analysis of clinical trial data. Exposure to
research methodology helps students develop scientific thinking and prepares them for evidence-
based medical practice.

The effective teaching and learning of medical pharmacology and clinical pharmacology require a
multifaceted educational approach that combines interactive lectures, case-based learning,
problem-based learning, simulations, interdisciplinary teaching, and digital educational resources.
The integration of these methods supports the development of competent medical graduates
capable of applying pharmacological knowledge responsibly and effectively in clinical practice.

Concept for Improving Pharmacology Teaching: Within the Learning Course of Medical
Pharmacology and Clinical Pharmacology for MD Medical Students

The improvement of pharmacology teaching within the medical curriculum represents an essential
component of modern medical education. Pharmacology is a foundational biomedical discipline
that directly influences clinical decision-making, therapeutic safety, and patient outcomes.
Consequently, the development of an effective teaching concept requires a systematic
transformation of traditional educational approaches toward more integrated, clinically oriented,
and competency-based learning models.

The conceptual framework for improving pharmacology teaching is based on several strategic
academic principles: integration of basic and clinical sciences, development of rational prescribing
competencies, and incorporation of innovative educational methodologies, and alignment with
international standards of medical education. These principles ensure that pharmacology
instruction contributes not only to theoretical knowledge acquisition but also to the development
of professional competencies required for safe and effective pharmacotherapy.

A central element of the improvement concept is the integration of pharmacology with clinical
disciplines. Pharmacology teaching should not be presented as an isolated theoretical subject but
rather as a discipline closely connected to clinical medicine. This integration can be achieved
through system-based teaching models in which pharmacological agents are studied in the
context of specific disease processes and clinical management strategies. By linking
pharmacological mechanisms with pathophysiology and therapeutic guidelines, students develop
a deeper understanding of the practical application of pharmacological knowledge.



«Reviews of Modern Science» (September 3-4, 2026). Zirich, Switzerland I

Another important aspect of the improvement concept is the transition from memorization-based
learning to mechanism-based and problem-oriented education. Traditional pharmacology
education often emphasizes the memorization of extensive drug lists and classifications. However,
contemporary educational models prioritize understanding of drug mechanisms, pharmacokinetic
and pharmacodynamic principles, and clinical reasoning processes. Through this approach,
students learn to analyze therapeutic options rather than simply recall pharmacological
information.

The concept also emphasizes the development of rational prescribing competencies. Future
physicians must acquire the ability to select appropriate medications, determine optimal dosages,
recognize potential drug interactions, and monitor therapeutic outcomes. Educational activities
should therefore include clinical case analysis, therapeutic decision-making exercises, and
guideline-based pharmacotherapy discussions. Such training supports the formation of
responsible prescribing practices and enhances patient safety.

A further dimension of the improvement concept involves the integration of pharmacovigilance
and drug safety education. Medical students must understand the mechanisms underlying
adverse drug reactions, drug toxicity, and medication errors. Teaching should include systematic
training in the identification, reporting, and prevention of adverse drug reactions, as well as the
principles of national and international pharmacovigilance systems.

The incorporation of modern scientific developments in pharmacology also represents a key
element of the conceptual framework. Advances in pharmacogenomics, molecular pharmacology,
targeted therapies, and biologic drugs are transforming contemporary pharmacotherapy.
Therefore, the pharmacology curriculum should include updated content reflecting these
developments and highlight the role of personalized medicine in optimizing therapeutic outcomes.
Another significant component of the improvement concept is the implementation of innovative
pedagogical methods. Active learning strategies such as case-based learning, problem-based
learning, simulation-based training, and interactive seminars promote deeper cognitive
engagement and enhance knowledge retention. These methods encourage students to participate
actively in the learning process and facilitate the development of analytical and clinical reasoning
skills.

The concept further recommends the use of digital technologies and modern educational
resources. Electronic pharmacology databases, online drug formularies, virtual learning platformes,
and clinical decision-support tools provide students with access to current pharmacological
information and support independent learning. Digital platforms can also facilitate formative
assessment, collaborative learning, and interactive educational modules.

Interdisciplinary collaboration represents another important component of the conceptual
improvement strategy. Close cooperation between pharmacology departments and clinical
specialties allows students to observe the real-world application of pharmacological principles.
Joint teaching activities, clinical demonstrations, and interdisciplinary seminars enhance the
clinical relevance of pharmacology education and strengthen the connection between theoretical
knowledge and patient care.

Finally, continuous curriculum evaluation and educational quality assurance should be
implemented to maintain the effectiveness of pharmacology teaching. Regular feedback from
students, faculty members, and healthcare practitioners can identify strengths and weaknesses
within the curriculum and guide further improvements. Educational outcomes should also be
periodically assessed to ensure alignment with the competencies required for modern medical
practice.

The concept for improving pharmacology teaching is based on a comprehensive educational
strategy that integrates scientific innovation, clinical relevance, and modern pedagogical
approaches. By strengthening the connection between pharmacological science and clinical
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practice, this conceptual framework supports the development of competent physicians who are
capable of applying pharmacological knowledge responsibly and effectively in patient-centered
healthcare.

Assessment and Evaluation Strategies

The improved course incorporates a comprehensive assessment system designed to evaluate both
theoretical knowledge and clinical competence. Written examinations remain an important
component of student evaluation, including multiple-choice questions, short-answer questions,
and problem-solving exercises.

Objective Structured Practical Examinations (OSPE) and clinical pharmacology case analyses are
introduced to assess students’ ability to apply pharmacological knowledge in practical clinical
scenarios.

Oral examinations, seminar presentations, and research-based assignments provide additional
opportunities for students to demonstrate analytical thinking and scientific reasoning.
Continuous formative assessment is implemented throughout the course to monitor student
progress and provide constructive feedback that supports learning development.

Expected Educational Outcomes

The improved learning course aims to produce medical graduates who possess a strong
understanding of pharmacological principles and the ability to apply these principles effectively in
clinical practice. Students completing the course are expected to demonstrate competencies in
rational prescribing, safe medication management, and evidence-based pharmacotherapy.
Graduates will be capable of critically evaluating pharmacological research, interpreting clinical
guidelines, and integrating pharmacological knowledge into comprehensive patient care
strategies.

Furthermore, the improved course prepares future physicians to adapt to the rapidly evolving
landscape of pharmacological science, ensuring lifelong learning and professional development in
the field of clinical therapeutics.

Syllabus Enhancement Strategies: For the Learning Course of Medical Pharmacology and Clinical
Pharmacology for MD Medical Students

The continuous enhancement of the syllabus in Medical Pharmacology and Clinical Pharmacology
is fundamental for maintaining the academic relevance, scientific rigor, and clinical applicability of
pharmacology education within the MD curriculum. As pharmacological science evolves rapidly
due to advances in molecular biology, pharmacogenomics, biotechnology, and therapeutic
innovations, the syllabus must be regularly updated to reflect contemporary developments and
global standards in medical education.

Syllabus enhancement strategies aim to strengthen the alignment between learning objectives,
teaching methodologies, clinical competencies, and assessment systems, thereby ensuring that
pharmacology education prepares medical students for rational and safe pharmacotherapeutic
practice.

Alignment of the Syllabus with Competency-Based Medical Education

One of the primary strategies for syllabus improvement is the alignment with competency-based
medical education (CBME) frameworks. The pharmacology syllabus should be designed to support
the development of core medical competencies such as rational prescribing, clinical decision-
making, patient safety, and evidence-based pharmacotherapy.
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Learning outcomes should clearly define the knowledge, skills, and professional attitudes that
students are expected to achieve. These outcomes should correspond to internationally recognize
medical education standards and professional competency frameworks.

Integration of Basic and Clinical Pharmacology

Another important strategy involves strengthening the integration between basic pharmacology
and clinical pharmacology within the syllabus structure. Rather than presenting pharmacological
concepts in isolation, the syllabus should integrate molecular mechanisms of drug action with
clinical therapeutic applications.

A system-based organizational structure is recommended, where pharmacological agents are
studied in relation to specific physiological systems and disease conditions. This approach allows
students to connect pharmacological mechanisms with pathophysiology, diagnosis, and
therapeutic management.

Inclusion of Emerging and Innovative Areas of Pharmacology
The syllabus should incorporate contemporary developments in pharmacological science,

including:

> Pharmacogenomics and personalized medicine

> Biologic therapies and monoclonal antibodies

> Targeted molecular therapies in oncology

> Nanomedicine and advanced drug delivery systems
> Immunopharmacology and immunotherapy

> Advances in antimicrobial pharmacology and resistance mechanisms
Incorporating these topics ensures that students remain informed about modern therapeutic
innovations and future directions in pharmacology.

Strengthening Clinical Relevance and Therapeutic Application

To improve clinical competence, the syllabus should place greater emphasis on clinical
pharmacology and rational pharmacotherapy. Topics should include therapeutic guidelines, drug
selection strategies, dose individualization, therapeutic drug monitoring, and management of drug
interactions.

Special attention should also be given to pharmacotherapy in special patient populations,
including pediatric, geriatric, pregnant, and critically ill patients. These areas are essential for
preparing students to manage diverse clinical situations.

Integration of Drug Safety and Pharmacovigilance Education

Modern pharmacology education must emphasize the importance of drug safety and
pharmacovigilance. The enhanced syllabus should include systematic training in the identification,
reporting, and prevention of adverse drug reactions, medication errors, and drug toxicity.
Students should also be introduced to national and international pharmacovigilance systems and
the regulatory frameworks governing drug safety monitoring.

Incorporation of Active Learning Components

An effective pharmacology syllabus should integrate active learning activities such as clinical case
discussions, pharmacotherapy workshops, and problem-based learning sessions. These activities
should be embedded within the syllabus structure and linked to specific learning objectives.

By incorporating active learning strategies, the syllabus promotes deeper understanding of
pharmacological concepts and encourages the development of analytical and clinical reasoning

skills.
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Integration of Digital Educational Resources

The enhanced syllabus should incorporate the use of digital learning tools and educational
technologies, including pharmacology databases, electronic drug formularies, virtual learning
platforms, and simulation-based educational resources.

Digital technologies support independent learning, facilitate access to updated pharmacological
information, and enable interactive educational experiences.

Continuous Review and Quality Assurance

Finally, an effective syllabus enhancement strategy requires continuous review and quality
assurance mechanisms. Periodic evaluation of course content, teaching methods, and assessment
strategies should be conducted to ensure alignment with evolving scientific knowledge and
healthcare needs.

Feedback from students, educators, and clinical practitioners should be incorporated into the
revision process to maintain the relevance and effectiveness of the pharmacology curriculum.
The enhancement of the pharmacology syllabus for MD medical students represents a dynamic
and ongoing academic process. Through the integration of competency-based education, clinical
relevance, scientific innovation, and modern pedagogical approaches, the enhanced syllabus can
significantly improve pharmacology education and better prepare future physicians for
responsible and evidence-based pharmacotherapeutic practice.

Research Findings

The synthesized evidence supports the following principal research findings.

First, medical pharmacology education is most educationally meaningful when foundational
science is explicitly connected with therapeutic decisions.

Second, competency-based education provides a suitable organizing principle because
pharmacological competence includes knowledge, reasoning, practical prescribing,
communication, safety, evidence appraisal, and professional judgment.

Third, EBM should be longitudinally embedded in pharmacology and pharmacotherapy rather
than taught as an isolated methodological subject. Students should repeatedly formulate
therapeutic questions, retrieve evidence, critically appraise studies, and apply findings to patient
cases.

Fourth, no single educational strategy can be considered universally optimal. The evidence favors
appropriately designed combinations of active learning, cases, problem-based learning, team-
based learning, simulation, digital learning, and targeted lectures.

Fifth, clinical integration appears particularly important for transferring EBM knowledge and
pharmacological reasoning into meaningful clinical competence.

Sixth, prescribing education should begin early and continue longitudinally. Students need
repeated practice rather than a single prescribing course.

Seventh, simulation and digital learning can provide valuable opportunities for repeated
therapeutic practice, although they should be integrated with authentic clinical and
interprofessional experiences.

Eighth, assessment represents a critical driver of learning. If universities want students to develop
prescribing competence, critical appraisal, and therapeutic reasoning, those capabilities must be
directly assessed.

Ninth, formative feedback should become a routine element of pharmacology teaching because
students need repeated opportunities to identify and correct errors in reasoning.
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Tenth, pharmacology curricula should explicitly incorporate medication safety,
pharmacovigilance, antimicrobial stewardship, polypharmacy, deprescribing, individualized
therapy, and ethical prescribing.

Eleventh, interprofessional learning can strengthen understanding of medication-related
responsibilities and improve collaborative competence.

Twelfth, future research should prioritize high-quality longitudinal studies capable of determining
whether educational innovations change prescribing behavior and patient-related outcomes
rather than relying predominantly on immediate examination scores or satisfaction measures.

Proposed Conceptual Educational Framework

The proposed framework can be represented as a six-layer educational architecture.

Layer 1: Scientific foundation. Students develop knowledge of pharmacodynamics,
pharmacokinetics, receptors, molecular mechanisms, dose-response relationships, adverse drug
reactions, interactions, pharmacogenomics, and toxicology.

Layer 2: Therapeutic reasoning. Students connect pharmacological principles with diagnosis,
pathophysiology, therapeutic objectives, treatment alternatives, contraindications, and patient-
specific characteristics.

Layer 3: Evidence integration. Students formulate clinical questions, search biomedical databases,
evaluate study design and bias, interpret treatment effects, assess applicability, and integrate
evidence into decisions.

Layer 4: Clinical performance. Students prescribe, calculate doses, monitor treatment, identify
adverse reactions, conduct medication reconciliation, communicate with patients, and respond to
therapeutic problems.

Layer 5: Professional and safety competence. Students develop pharmacovigilance, ethical
prescribing, antimicrobial stewardship, interprofessional communication, patient-safety, and
accountability competencies.

Layer 6: Continuous learning. Graduates develop the capacity to update therapeutic decisions as
evidence, guidelines, technologies, and patient circumstances change.

This framework creates a progression from knowledge — application - evidence appraisal -
clinical performance - professional responsibility = lifelong learning.

Suggestions

The conceptual plan for improving the learning course in medical pharmacology and clinical
pharmacology represents a strategic academic initiative aimed at modernizing pharmacology
education within the MD curriculum. By integrating foundational pharmacological science with
clinical application, innovative teaching methodologies, and contemporary therapeutic
developments, the improved course provides a comprehensive educational framework for the
training of competent and responsible physicians.

The modernization of pharmacology education ultimately contributes to improved healthcare
outcomes by ensuring that medical graduates possess the knowledge, skills, and professional
judgment necessary for safe and effective pharmacotherapy in clinical practice.

The continuous improvement of the learning course in medical pharmacology and clinical
pharmacology is essential to ensure that medical graduates possess the competencies required
for safe, rational, and evidence-based pharmacotherapy. Based on contemporary trends in
medical education and pharmacological science, several strategic recommendations can be
proposed to enhance the academic quality, pedagogical effectiveness, and clinical relevance of
the course.

It is recommended to strengthen the integration between basic pharmacology and clinical
medicine. Pharmacological teaching should be closely linked with clinical disciplines such as
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internal medicine, cardiology, infectious diseases, endocrinology, and oncology. This integration
facilitates a deeper understanding of the therapeutic applications of drugs and enables students
to connect theoretical pharmacological concepts with real clinical scenarios.

The curriculum should place greater emphasis on rational prescribing and therapeutic decision-
making. Instead of focusing primarily on memorization of drug classifications, the course should
encourage students to analyze clinical cases, evaluate treatment guidelines, and select the most
appropriate pharmacological interventions based on patient-specific factors.

The incorporation of modern teaching methodologies is strongly recommended. Interactive
lectures, case-based learning, problem-based learning, and small-group discussions enhance
critical thinking and promote active student participation. Simulation-based pharmacology
exercises and clinical scenario analyses can further strengthen the development of clinical
reasoning skills.

Greater attention should be given to drug safety and pharmacovigilance education. Students
should be trained to recognize adverse drug reactions, understand mechanisms of drug toxicity,
and apply strategies for preventing medication errors. Familiarity with pharmacovigilance systems
and reporting procedures is essential for responsible medical practice.

The curriculum should include expanded coverage of pharmacogenetics and personalized
medicine. Genetic variability significantly influences drug metabolism, efficacy, and toxicity.
Understanding pharmacogenomic principles will enable future physicians to tailor
pharmacotherapy according to individual patient characteristics and improve therapeutic
outcomes.

The course should incorporate digital and technological learning resources. Access to
pharmacological databases, electronic drug formularies, clinical decision-support systems, and e-
learning platforms can support independent learning and provide students with up-to-date
pharmacological information.

It is recommended to strengthen interdisciplinary collaboration in pharmacology teaching.
Cooperation between pharmacology departments and clinical faculty members allows students to
observe the practical implementation of pharmacological principles in patient care and reinforces
the clinical relevance of pharmacology education.

The implementation of diverse and competency-based assessment methods is encouraged. In
addition to traditional written examinations, assessment strategies such as Objective Structured
Practical Examinations (OSPE), clinical case analysis, and oral presentations should be utilized to
evaluate both theoretical knowledge and applied pharmacological skills.

Finally, continuous curriculum evaluation and quality assurance mechanisms should be
established. Regular feedback from students, faculty members, and clinical practitioners can help
identify areas for improvement and ensure that the pharmacology curriculum remains aligned
with evolving scientific knowledge and healthcare needs.

The successful improvement of the learning course in medical pharmacology and clinical
pharmacology requires a comprehensive educational strategy that integrates modern scientific
advances, innovative teaching methods, and strong clinical orientation. Implementing these
recommendations will contribute to the development of competent physicians capable of
delivering safe, effective, and patient-centered pharmacotherapy.

The major finding is that pharmacology should be conceptualized as a longitudinal clinical
competency rather than a single preclinical subject. Students should encounter pharmacological
reasoning repeatedly throughout medical education. Early instruction should establish
mechanisms and foundational principles; intermediate instruction should emphasize therapeutic
selection and clinical cases; and advanced clinical education should require individualized
prescribing, monitoring, evidence appraisal, medication reconciliation, and management of
adverse drug reactions.
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The finding concerns integration between pharmacology and pharmacotherapy. Students should
move systematically from “What does this drug do?” toward “Which treatment should be selected
for this patient, why, at what dose, for how long, how should it be monitored, and what evidence
supports the decision?” This transition represents a fundamental shift from declarative knowledge
toward therapeutic reasoning.

The finding concerns competency-based education. Pharmacology competencies should be
explicit, observable, progressively developed, and assessable. A proposed competency structure
includes six domains: pharmacological knowledge; therapeutic reasoning; prescribing and
medication management; medication safety and pharmacovigilance; EBM and information
literacy; and professional communication and interprofessional collaboration.

The finding is that EBM should be embedded directly into pharmacological cases. Students should
not learn EBM exclusively through isolated lectures. Instead, each major therapeutic module
should contain clinically meaningful questions requiring literature retrieval and appraisal. For
example, students might compare first-line therapies for hypertension, evaluate evidence
supporting a new anticoagulant, assess adverse-event differences between therapies, or
determine whether a clinical guideline applies to an older patient with renal impairment.
Evidence indicates that EBM teaching improves aspects of learner competency, but no single
educational modality has demonstrated universal superiority. Therefore, universities should avoid
methodological absolutism. The most defensible approach is a blended EBM strategy combining
brief foundational instruction, guided critical appraisal, clinical cases, digital resources, journal
clubs, small-group discussion, and bedside or clinic-based questions.

The finding is that active learning is particularly suitable for pharmacology. Pharmacological
concepts frequently require students to integrate mechanisms, disease processes, patient
characteristics, and therapeutic objectives. Passive exposure can produce superficial familiarity,
whereas active application requires students to retrieve, compare, explain, justify, and revise their
reasoning.

Evidence from pharmacology education supports combinations of pedagogical approaches. A
network meta-analysis of 150 studies involving more than 21,000 students found favorable
performance or satisfaction outcomes associated with several active-learning strategies,
particularly combinations of problem-based and case-based learning, team-based learning, and
flipped learning. These findings support multimodal rather than single-method teaching.

The finding is that clinical cases should become the principal bridge between pharmacological
science and clinical practice. A high-quality pharmacology case should require students to identify
a therapeutic objective, consider patient-specific variables, select among treatment alternatives,
justify the choice using pharmacological principles and evidence, prescribe appropriately, and
establish a monitoring plan.

Case design should progressively increase complexity. Early cases can involve straightforward
dose-response reasoning. Later cases should introduce renal impairment, hepatic dysfunction,
polypharmacy, pregnancy, advanced age, genetic variation, drug interactions, adherence
problems, therapeutic failure, adverse reactions, and competing clinical priorities. This
progression mirrors real clinical decision-making.

The finding is that prescribing education should be explicitly incorporated into pharmacology.
Evidence from a large scoping review shows extensive use of e-learning, case-based, experiential,
and interprofessional interventions to improve pharmacological knowledge and prescribing skills,
but also reveals a shortage of evidence demonstrating higher-level effects on real clinical behavior.
This gap should become a priority for future educational research.

The finding concerns simulation. Simulation allows students to practice medication-related
decisions without exposing patients to risk. Virtual patients, electronic prescribing simulations,
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medication-ordering exercises, adverse-reaction scenarios, and clinical decision-support
simulations can reproduce many aspects of contemporary therapeutic practice.

Digital simulation literature indicates potential improvements in knowledge, confidence, and
satisfaction, while also identifying limitations concerning polypharmacy and interprofessional
integration. Therefore, simulation should evolve from isolated drug-identification exercises
toward complex patient-centered therapeutic scenarios.

The finding is that interprofessional education should be integrated into pharmacology curricula.
Medical students should understand that medication safety depends on coordinated professional
activity. Collaborative cases involving physicians, pharmacists, nurses, and other professionals can
demonstrate the multiple points at which medication errors occur and the mechanisms by which
they can be prevented.

The finding concerns assessment. The assessment system should correspond directly to the
educational philosophy. Knowledge can be assessed through appropriately designed written
examinations, but prescribing competence requires performance-based assessment. Students
should therefore be evaluated using prescription-writing tasks, clinical vignettes, OSCE stations,
medication-review exercises, critical appraisal tasks, oral therapeutic reasoning, and longitudinal
portfolios.

The finding concerns formative feedback. Pharmacological competence is unlikely to develop
through assessment alone. Students require repeated opportunities to receive feedback on their
reasoning. Feedback should identify the clinical decision, the underlying pharmacological
principle, the evidence supporting or contradicting the decision, and the specific action required
for improvement.

The finding concerns personalized learning. Students differ in their prior knowledge, cognitive
strategies, learning pace, and areas of difficulty. Digital diagnostic assessments and adaptive
educational resources can identify individual knowledge gaps. Personalized learning should,
however, remain integrated with faculty guidance rather than becoming an entirely automated
process.

The finding concerns faculty development. Curriculum reform cannot succeed simply by changing
course documents. Faculty members require preparation in active learning, case construction,
EBM instruction, assessment design, feedback, simulation facilitation, digital pedagogy, and
educational scholarship. Faculty workload and institutional incentives must also recognize
educational innovation.

The finding concerns Al. Al-enabled tools can support personalized explanations, question
generation, simulated clinical conversations, feedback, and educational content development.
Nevertheless, Al should be treated as an assistive technology rather than an epistemic authority.
Students must verify Al-generated pharmacological information against authoritative references
and recognize that an apparently plausible recommendation may be inaccurate or contextually
inappropriate. Academic integrity, privacy, transparency, and professional accountability should
be embedded in Al-related curriculum policies.

The finding is that educational outcomes should be evaluated longitudinally. Existing literature
frequently concentrates on knowledge, confidence, and satisfaction, while fewer studies assess
behavioral or patient-level outcomes. Universities should therefore evaluate whether educational
interventions improve prescribing performance, evidence use, medication-error recognition,
clinical reasoning, and sustained competence.

CONCLUSION

Medical pharmacology education should be fundamentally reoriented from predominantly
information-transmission models toward integrated, competency-based, clinically relevant, and
evidence-informed education. The increasing complexity of pharmacotherapy makes it
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impossible for MD students to rely exclusively on memorization of drug classifications and
mechanisms. Future physicians require the capacity to interpret pharmacological information,
evaluate evidence, individualize therapy, prescribe safely, monitor treatment, recognize
medication-related harm, communicate therapeutic decisions, and continuously update their
knowledge.

» The proposed framework integrates medical pharmacology, pharmacotherapy, and clinical
pharmacology across the MD curriculum while embedding EBM, active learning, clinical cases,
simulation, digital technologies, interprofessional education, formative feedback, and
performance-based assessment. Such integration can create a coherent educational trajectory
extending from fundamental pharmacological science to authentic clinical decision-making.

» The available literature does not justify declaring a single teaching strategy superior in all
educational contexts. Instead, the evidence supports carefully designed multimodal and
longitudinal approaches adapted to learning objectives, student needs, institutional resources,
and clinical environments. EBM should similarly be taught through repeated clinical application
rather than isolated theoretical instruction.

» The quality of pharmacology education should be judged not simply by how much students
remember, but by whether they can make scientifically justified, patient-centered, safe, ethical,
and evidence-informed therapeutic decisions. Universities should therefore treat pharmacology
education as a core component of clinical competence and patient safety rather than as an
isolated preclinical discipline.

RECOMMENDATIONS

» Establish longitudinal pharmacology curricula extending from early foundational science
through clinical clerkships.

» Integrate pharmacology, pharmacotherapy, and clinical pharmacology rather than teaching
them as disconnected subjects.

» Embed EBM throughout pharmacology education, using authentic therapeutic questions and
clinical cases.

» Develop explicit pharmacological competencies covering knowledge, therapeutic reasoning,
prescribing, medication safety, evidence appraisal, communication, and professionalism.

» Increase the use of active learning, particularly case-based, problem-based, team-based, and
flipped learning.

» Expand simulation-based prescribing education through virtual patients, electronic prescribing
environments, medication-error scenarios, and adverse-reaction simulations.

» Implement structured prescribing curricula based on rational treatment selection, dose
individualization, monitoring, follow-up, and medication review.

» Integrate pharmacovigilance and medication safety into routine pharmacology teaching rather
than treating them as separate topics.

» Introduce interprofessional learning involving medical, pharmacy, nursing, and other
healthcare students where feasible.

» Redesign assessment systems to include OSCEs, prescription-writing exercises, clinical cases,
critical appraisal, oral reasoning, and longitudinal portfolios.

» Strengthen formative feedback, ensuring students receive timely and specific feedback on
pharmacological and therapeutic reasoning.

» Use digital learning strategically, emphasizing interactivity, retrieval practice, adaptive
learning, simulation, and clinical application rather than simple digitization of lectures.

» Develop responsible Al literacy, including verification of Al-generated pharmacological
information, recognition of hallucinations, privacy protection, academic integrity, and professional

accountability.
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» Invest in faculty development so pharmacology educators are competent in contemporary
pedagogy, EBM instruction, simulation, assessment, feedback, and educational technology.

» Evaluate curricular reforms longitudinally, moving beyond satisfaction and examination scores
toward prescribing performance, clinical reasoning, medication safety, and behavioral outcomes.
» Promote educational research collaboration among universities to establish validated
competency frameworks, common assessment instruments, and comparable outcome measures.
» Maintain a balance between scientific depth and clinical relevance, ensuring that students
understand mechanisms without becoming overwhelmed by information that has limited
therapeutic utility.

» Use authoritative and regularly updated sources for therapeutic recommendations and teach
students to recognize that pharmacological knowledge and clinical guidelines are dynamic.

» Incorporate antimicrobial stewardship, polypharmacy, deprescribing, pharmacogenomics, and
individualized medicine as contemporary pharmacological competencies.

» Establish continuous curriculum quality improvement, using student performance, faculty
evaluation, and graduate feedback, prescribing assessments, and emerging evidence to update
educational strategies.
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KILLII APAJT TEHI3IHAETT KSCINTIK
EA/IBIKTAPABIH KA3IPTT MKAFOAMDI

EpmaxaHoBa X.3.

«BLUIFOO» XKLUC Apan duamanbiHbIH, Kili FbIAbIMKU KbI3METKEPI, apaTblAbICTaHy
FbINBIMAAPbLIHBIH, MArnCTpi.

Capuesa A.A.

Killi FbIbIMM KbISMETKep M.a

AHgatna. 3eptreyde Kiwi Apan TeHisi OaccelHiHaeri KacinTik Oanblk TypaepiHiH,
MopdobUnoNormAnbIK KepceTKillTepi, CaHAbIK apaKaTbliHAChl XaHe NONyAAUMANbIK AMHAMMUKACDI
2016-2025 blngap apanblfbiHAaFbl KBMKbIAAbIK MOHUTOPUHITIK AEpPEKTEP HEeri3iHAe KelleHAi
TypAe Tanganfad. Kiwi Apan TeHisiHae 6anbikTapablH, 28 Typi TipKeareH oHbiH, 12-ci Kacinwinik
ayflay KBOTacblHa eHrisinreH. 2016 -2021 »kbingap apanbifbiHaa  Kiwi Apan  TeHi3iHiH,
TMAPOSIOTUANDIK, ¥afaanbl oHTalAbl 6osca, 2022-2025 xbingapbl Coipaapus arbiHbiHbIH, 51%-Fa
KbICKApybl, Ty34bINbIKTbIH 10 %o-re apTybl Heri3ri KacinTik Banblk TypAepiHiH AaMyblHAa opTalla
Y3bIHAbIFbI MEH CasMafblHAA PerpeccusTi TemeHaey YpAaici aHbiKTanabl. lonynaumanapabit
BNLLIEMAIK-KACTbIK KYPbINbIMbIHbIH, *KacapyblHa KapamacTaH, ®PynbToH OOMbIHLWA KOHABIbIK,
KO3ODMUMEHTTEPIHIH, }KOFapbl AeHrenae cakTanybl MXTMObayHaHbIH erepMmeni rmapo3KoN0rANbIK,
opTafa benimaeny KabineTiH KepceTedi. MymMbICTa KacCinTiKk HanblK KOpAapblH MONAUTY MeH
TYPaKTbl NalaanaHy yuWiH cy andblHbIHbIH, TMAPONOTUANbIK PEXMMIH TYPAKTAHAbIPY XKaHe aynay
OEeHremniH FblNbIMW HEri3ae peTTey KaxKeTTiNiri HerisgenreH.

Tyninai cesaep: Kiwi Apan TeHisi, KacinTik 6anbikTap, MxTmodayHa, Nonynauma, y3biHAbIK-
CaIMaK KepceTKilTepi.

Kipicne. Kiwi Apan TeHi3iHiH, Ka3ipri 3KOMOrUANbIK Kafaanbl TMAPONAOTUANBIK PEXMMHIH,
e3repyimeH, Cbipaapus  ©3eHi  afblHbIHbIH,  KblAJap  »aHe  maycbimaap  OoMbiHLWA
KyObIIMaNbINbIFbIMEH, COHAAN-aK KAMMATTbIK dakTopaapAbiH acepimeH cunatTanaabl. ATansaH
e3repictep cy AeHreniHe, MUHepandaHy KepceTKilTepiHe, KOPeKTiK Ha3aHblH Ka/binTacyblHa
YOHEe Cy OpraHM3MAepiHiH TIpLWIinik eTy »araarnapbiHa biknaa eTin, 6anbik NonyasunsIapbiHbiH
Tapanybl MEH CaHAblK KypambiHaa 6enrini 6ip esrepictepaid, KanbintacybiHa ceben 6onyaa [1].
HyprizifireH FolbIMU-3EPTTEY SKYMbICTaPbl MEH UXTUONOTUANLIK Bakblnaynap Kiwi Apan TeHi3iHiH
KaCINTiK MXTMOdayHacbiHbIH, KYPbIbIMbIHAA ©3repicTep 6ap eKeHiH KepceTTi ocipece KacinTiK
MaHbI3bl KOFapbl TbipaH MOMYAAUMACLIHbIH, *Kafdalbl Ha3ap aydapydbl KarKeT eTeqi. 3epTTey
MaTepuranaapbl 6OMbIHLWA COHFbI XKblNAaPbl OHbIH, KSCINTIK KOPbI MEH ay/laHy KenemiHae ToMeHaey
banKkanraH byn ypaic cy alablHbIHbIH, TMAPONOTUANbIK KaFa4albliHbIH, ©3repyiMeH, TYpAiH, Tabusm
Kebeto KaFaannapbIMeH KaHe Kacinwinik nanaananHy aeHrenimeH 6anaHbICTbl 6ONYbI bIKTUMAN.
COHbIMEH KaTap 3epTTey KaHe KICINTiK ay/laHblM Ke3eHiHAe KYMIC MeHKe CaHbIHbIH apTbIn, Tapany
aMafblHbIH, KeHenreHi banKkanabl. HaTuskeciHae Oy TYPAIH KCIATIK MaHbI3bl Kywenin, Kasipri
vakbITTa Kili Apan TeHisiHaeri KacinTik aynayablH KypamMbiHAa eneyi opbiH ana bactagbl. MyHaan
e3repictep Ccy aWAblHbIHbIH, Ka3ipri 3KOMIOTUANLIK KaFdalblHa Oelimaeny kabineTi »Kofapsbl
TYPAEPAiH YAeci apTbin Kene KaTKaHblH KepceTeni. bynaH 6enek, kambana-rnocca, alHakes, ak,
aMyp KaHe LWOopTaH nonynauuanapbiHaa KOpabliH TemeHaey benrinepi aHbiKTanapl [2]. ATanfaH
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TYP/EPAiH KaCiNTiK MaHbI3bl 6oNFaHbIMEH, 0ONapAblH, Ka3ipri caHabIK »KaFaalbl TYPaAKTbl KSCIMWINiK
namaananyabl wektenai. CoHbiMeH bipre KeKcepKe, casaH, Apan TOpTachl, akMapKa *KaHe KalblH
CMAKTbI  HEeri3ri  KacCinTiKk  TypAepAaiH  NonyAauMAnblK — Kafdalbl  CanbICTbipManbl  Typae
KaHafaTTaHap/blK cunaTTa Kanbin oTblp. OcbifaH HannaHbicTbl Kiwi Apan TeHisiHAeri KacinTik
HanbIKTapablH Ka3ipri BMONOTrMANbIK KaHe NONYAAUMAbIK XKaFdalbliH 3epTTey 6anblK KoOpaapbiH
TMiMAj 6ackapyablH, FblIbIMW HETI3iH KanbINTacTblpyAa MaHbl3ab!.

3eptTey KasakctaH Pecnybamkacbl  Aybln  WIapyallbiAblFbl  MUHUCTPAIMN  Banbik,
lWapyalbliblFbl  KOMUTETI  KapskblnaHabipatelH  021-100-159  6roaxkeTTik  Hafgapnamacsl
«XaHyapnap [AyHUECiHIH, pecypcTapbiH CakTay, ©CiMiH MONAWTy »KaHe yTbiMAbl nanganady
OHIHAeri KbIameTTep» WeHbepiHae opbiHAANAbI.

Martepuan KaHe aaicTeme. 3epTTey matepuangapsl Kiwi Apan TeHi3iHAE *KblNAbIH KOKTEMTI
(coyip—Mamblp)  KaHe  Ky3ri  (KblpKYMEK—Ka3aH) Ke3eHAepiHAe KYPrisinreH  Aananbik,
aKcneaAnUMANbIK 3epTTeynep BapbicbiHaa UHanabl. Janansik 3eptreynep Kiwi Apan TeHi3siHiH 6
KacinTik ayaaHbl (CapbllublFaHak, byTakoB WbifaHakTapbl, Kekapan, LLesyeHko, Jlomanak »aHe
TacTybek) 6oMbIHWa eHAENIN KyheneHai. ANblHFaH 3epTTey HITUMNKENEPI Kbl CalbIHFbI FblbIMM
ecenTepae KenTipiareH andplHfbl XKblAAapAafbl 3epTTey MaTepuangapbiMeH CaablCTbipblbiM,
TanfaHAabl. VIXTMONOMMANBIK MaTepuanaapabl KUHay, 6HAEY KaHe Tanaay Kaanbl KabblnaaHfFaH
aaictemenepre cankec kyprisingi [3—4]. banbikTapdblH KacblH aHbikTay H. M. YyryHoBa
2JiCcTeMeCiHe calKkec Xyprisinai [5]. UxTnonornanbik matepranaap Top KesiHiH enwwemi 18—90 mm
6onaTblH Kypma aynapabiH KemerimeH »KuHanapl. KonaaHbinFaH aynapzblH, Y3blHAbIFbI 25 M,
BuiKkTIri 2—-3 M 6ongpl. MMuHanraH matepuangap 6oMbiHWaE 6anbiKTapablH, TYPJIK Kypambl
aHbIKTaNbIM, HEri3ri BMONOrMANbIK KepCceTKilWTepi, aTan alTKaHAa AeHEe Y3blHAbIFbl, Ca/IMaFbl, *acbl
YKOHe KOHAbINbIK KO3DbOULMEHTI aHbIKTaNabl. ANbIHFaH HITUXKENep KaCinTiK BanblKTapablH Kasipri
NONyNAUMANDIK KafdanblH Oafanay »KaHe onapaplH OMONOrMANbIK KepCeTKilTepiHiH, e3repy
AMHAMMKACbIH Tanaay yuWiH nanaanaHbiaabl.

Hatuxenep kaHe Tangay. Kasipri kesenaeri 3eptrey HaTuxkenepi 6onbiHwa Kiwi Apan

TeHi3i GanbikTapablH, 28 Typi TipkeareH. MWxtmodayHaHbIH, TypAiK KypamblH KanbinTacy
epeKkweniktepiHe Kapai OanbipfFbl (abopureHaik), Ke3oencoK eHreH »KaHe MaKcaTTbl Typae
}epciHaipinreH Typnepre 6enyre 6onaapl. Kiwi Apan TeHisi bacceiHiHe TaH BalbipFbl MXTUODayHa
KypamblHAa 17 Typ aHbIKTanfaH. Onapfa TbipaH, KBKCEPKe, LOPTaH, akMapKa, Ca3zaH, KYMIC MEHKe,
TOpTa, KblAblbanblk, »aWblH, WEMeN, alHaKke3, akkampaH, Kbi3blKaHaT, anabyfa, LWaHwap,
TypkicTaH TeHrebanblfbl XaHe KaszakcTaH PecnybnamKkacbiHbIiH, Kbi3bli KiTabblHa eHrisinreH cupek
KesaeceTiH Apan Kansbl XaTtadbl. byn Typnepain 6ip 6eniri Kasipri yakbiTTa Kilwi ApanablH, KaCinTiK
nxTModayHacbliHbIH, Herisri beniriH Kypanabl »aHe cy aWablHbiHbIH 3KOXKYMenik api Banbik
LapyallblNblFbl TYPFbICbIHAH MaHbI3bIH aiKbIHAANAbI.
OTKeH facbipapiH, 1950-1960 KblngapbiHAAFbl XKEPCiHAIPY KaHe cy anablHAapbl apacbiHAafb
Ke3aencoK Tapany yaepicTepi HaTuxKeciHae baccerH nxTModayHacbliHbIH, KypambiHa Tafbl 8 Typ
eHreH. OnapablH, KaTapbiHa aTepuHa, Kymblp 6y3aybac, KymaaybiT, mypbiHAbl 6y3aybac,
*blnaHbac, amyp wabarbl, Mefiaka KaHe TeHOIN Kekipe Banbik Typaepi »Kataabl. byn Typnepai,
Kiwi Apan 6accelHiHe eHyi Cy 3KOXKYMECIHIH TYPJiK KypambiH ©3repTin, Kasipri uxtmodayHaHbIH,
Ka/nbinTacyblHa benrini 6ip gspexkene biknan etTi [6]. CoHbIMeH KaTap Apan TeHisi baccelHiHe
HanblK LWapyalbiblfbl MaKcaTbiHAA KOcnap/sbl TypAe 3 Typ KepciHgipinreH. Onap — ak
OOHMaH/alM, aK amyp KaHe Ty3ZblNblfbl }KOFapbl CY *KafdalbiHa benimaenreH kambana-rnocca.
Kasipri ke3ae TaburaTt nandanaHylibliapfa OeiHeTiH Kacinwinik aynay kBotacbiHa 12 6anbiK Typi
eHrizinreH. OnapapiH KaTapblHAA@ TbipaH, akMapKa, cas3aH, KbiabilwbanbiK, TOPTa, KOKCEPKE, aK,
OBHMaHaM, KbI3blIKAHAT, *alblH, XblaHbaC, WeMel XaHe MeHKe DanbikTapbl Kipeai.

Kiwi Apan TeHisiHiH 2016—2025 bingapaarbl apasblfblHAAFbl KaCiNTiK 6aibIKTbIPAbIH,
HUNONOTMANBIK KOPCETKIWTEPIH CanbICTblpy OapbiCbiHAA KenTereH Typaepae AeHe MONLEpiHiH,
acipece opTalla Y3blHAbIK NEH Ca/MaKTblH COHFbl XblAJAapbl TemeHaey ypaici bakanabl. byn
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e3repictepai NONyAAUMAHBIH *KaC Kypbl/IbIMbIHbIH, aybICybl, aC AapakTapdblH VYAECiHiH apTybl,
KOPEKTIK 0as3aHblH ©3repyi XaHe Ccy aWAdblHbiHbIH, Ka3ipri rMapoAoruanbiK-3K0A0MMANbIK,
afaarblMeH HalnaHbICTbl KapacTbipyra bonaapl (kectel).

ToipaH (Abramis brama Linnaeus, 1758) 6anbifblHbIH OMONOTNANBIK KOPCETKILITEPI KblAAAP
apanbifblHAa anTapabikTan e3repreH. 2016—2023 blagapbl OHbIH OopTalla y3biHAbIFbl 23,2-25,1
cMm, opTalla canmarbl 301-404,2 r apanbifbiHaa 6onapl aHe 2022—-2023 Kblngapbl eH, Kofapbl
MaHaepre xeTTi. Ananga 2024-2025 Kbingapbl KepceTKiwTepaiH, TemeHaeyi bankansin, 2025
blJIbl OpTalla y3blHAbIFbl 20,3 cm, canmasbl 185,4 1 Kypaabl. 2016 KblAMeH canbiCTbipFaHaa 2025
blNbl OpTalla Y3blHAbIK WamameH 17,1%-fa, an canmak 47,3%-fa TemeHaereH. KOHAbINbIK
KoadbdMUMEHTI canbICTbipManbl Typae TypakTol 6onbin, 2,08 aeHreniHae caktangbl. OpTawa
¥acbiHbIH 5 »KacTaH 4 »Kacka AeniH TemeHaeyi NonyasumMs KypambiHAa opTa »ac AapakTapAbiH
YAECiHIH apTKaHbIH KepceTea.

CasaH (Cyprinus carpio Linnaeus, 1758) 6oMbIHLIA A3 *blAAap apacbiHAa aybITKYAapAbIH,
H6apbl aHblkTanabl. 2016—2025 »Kblagapsl opTawa y3blHAbIFbl 24,4—36,2 cm, an opTalla Ca/IMafbl
448,7-1014,3 r apanbifbiHaa e3repai. EH xofapbl opTawa canamak 2020 binbl 6aikanca, 2025
blabl 6yn KepceTkiw 448,7 r-fa genid TemeHaeqi. 2025 binbl 898 aapak, 3epTTenin, onapabiH
yneci 20,7%-abl Kypadbl. ¥3biHAblFbl 8,0-57,0 cm, canmarsbl 16—4536 r apanbifbiHAa e3repyi
nonynauMA KypambiHA@ SPTYPAi KaC XoHe efillemM TONTapblHbIH, CaKTajlfaHblH KepceTeai.
CoHbIMeH KaTap PynbTOH OOMbIHWA KOHAbIIbIK KO3GOUUMEHTIHIH, 2,58 BOYbl Ca3aHHbIH, KOPEKTIK
YaFfaalblHbIH, CaNbICTbIPMasbl TYPAE KOMAMbl EKEHIH KepceTea,.

Apan Toptacel (Rutilus rutilus aralensis Linnaeus, 1758) y3aK meps3imai AMHamMKaga
opTalla AeHe MeslepiHiH bipTiHaen TemeHaeyi 6arkanasl. 2016 *Kbiabl opTalla y3blHAbIFLI 18,6
CM X3He canmarbl 144 1 6onca, 2024 xbinbl calikeciHwe 15,4 cm aHe 94,4 1 kypaabl. 2025 *binbl
opTawa y3blHAbIFbl 15,9 cm, canmasbl 100,4 r Kypaca, 2016 XblAMEH canbICTbipFaHAa AeHe
y3blHAbIFbI WamMameH 14,5%-fa, canmarbl 30%-fa TemeH 6ongpl. 2025 kbinbl 1150 gapak
3epTTenin, 6yn Gapnbik matepuangblH 26,5%-blH Kypaabl. KOHAbINbIK KO3bDDUUMEHTIHIH 2,25
H0nYbl TYPAIH KOPEKTIK *KafaalblHbIH TYPaKTbl EKEHIH cMNaTTakabl.

Kymic meHre (Carassius auratus gibelio Bloch, 1782) 2016-2021 »bingapbl opTalla
y3blHAbIFbI 22,2-22,6 cm AeHreniHae 6onca, 2022 kbingaH Hactan bipTiHAen TemeHaey
Hankanabl. 2025 Kbinbl opTawa y3blHAbIFLI 18,4 cm, canmarbl 260,2 1 Kypadpbl. 2019 xbinmeH
CanbICTblpFaH4a Y3blHAbIFbl WamameH 14%-fa TomeHaereHimeH, ®ynbToH OOMbIHLWA KOHABIbIK
KoadbdumumeHTi 3,5 6onbin, 3epTTeNreH Typ/ep apacbiHAasbl eH, *Kofapbl MaHAi kepceTTi. 2025
Xblnbl 758 papaKTbiH, 3epTTenyi KaHe onapapiH, 17,4%-AblK yneci Kymic MeHKeHiH, Kiwi Apan
TeHi3iHAeri TYpaKTbl api KeH TapanfaH TypaepaiH 6ipi ekeHiH KepceTea,.

AkMmapKa (Aspius aspius Linnaeus, 1758) mopdobuonornanbiK KepceTKiluTepi *blaaap
HoMblHLWa Kybblamansl cunatra 6onapl. 2016 Xbiibl opTala y3biHAbIFbl 41,3 cM )KaHe canmasbl 997
r6onca, 2018-2019 xkbingapbl Oyn KepceTkiwTep anTapabikTai TomeHaeai. 2020-2021 xblngapsl
KanTa wofapbinan, 2021 xbiabl opTawa canamasbl 1299 r-ra xkeTTi. Keltin 2022—-2024 xbingapsl
TomeHaey banKanbin, 2025 Kbiabl opTawa y3biHAbIFbl 30,7 cm, canmasbl 550,4 r Kypagb.
KoHAabinbiK  KoabdUUMeHTIHIH 1,62 60nybl TYPAiH KOPEKTIK KafaamblHbliH CanblCTbipMansbl
TYPaKTbIbIFbIH KepceTes,.

Hanbin (Silurus glanis Linnaeus, 1758) kepceTkiwTepiHae epekllie aMHaMmnka balkanab.
2016-2018 bingapbl OHbIH, opTalla y3biHAbIFbl 73,3—74,7 cm apanbifbiHaa 6onca, 2019-2021
*blngapsl 42,5-56,0 cm-re geniH Temengedi. 2022 xbingaH 6actan kanTa ecy ypaici 6ankansim,
2025 »Kbinbl opTalla y3blHAbIFL 65,4 cm, canmarbl 3419,6 r 6onabl. MekenereH gapakTapablH,
y3blHAbIFbl 114 cm-re, canmasbl 11201 r-Ffa aeniH XeTTi. byn TypAiH nonynaumAacbiHAa ipi *KacTafbl
[apaKkTapdblH a/1i e cakTanfaHbiH KepceTedi. COHbIMEH KaTap KOHAbIIbIK KoadduumeHTiHiH 0,88
60/ybl KalblHHbIH AeHe Ca/IMafblHblH TOMEHAeYyiHe KapamacTaH, OHbIH ipi enwemai AapakTap

ecebiHeH KaCinTiK MaHbI3blH CaKkTan OTbIpFaHbIH KepceTea.
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Kekcepke (Sander lucioperca Linneaus, 1758) opTalua y3biHAblFbl MeH canmarbl 2016—2020
blNAapPbl CanbICTbipManbl TYpAe TypakTbl 6onraHbimeH, 2021 biabl KYPT 6CiN, opTalla y3bIHAbIFbI
42,4 cm, canmasbl 951,4 r 6onabl. 2024 Kbiabl A3 XKOfapbl KepceTkiwTep OaiKanbin, opTalla
canmarbl 1221,3 r-fa xeTTi. Ananga 2025 xbinbl Oy KepceTkilTep KaliTa TemeHAen, opTala
y3blHAbIFbI 29,6 cM, canmarbl 545,4 1 6onabl. KoHAbINbIK KO3bdMumMeHTiHIH 1,50 aeHreniHe xeTyi
TYPAIH KOPEKTIK *KaFaalblHbIH, CaNbICTbIPMabl TYPAE TYPAKTbl EKEHIH KepceTei.

*binanbac (Channa argus Cantor, 1842) kepceTkiwTtepiHae 2016—2018 xbinaapsbl ipi
[apaKkTapabiH bacbimabiFbl BanKkanabl: opTawa y3biHAbIFbl 53,4-54,8 cm, canmarbl 1980-2079 r
apanbifbiHaa 6onabl. 2019 xbingaH bactan geHe meslepiHiH TomeHaeyi bankanbin, 2021-2025
KblAapbl OpTalla y3blHAbIFbl HeridiHeH 37,6—43,9 cm apanblfblHAa KanbinTacTel. 2025 *Kbiabl
opTalwa y3blHAbIFbl 39,5 cm, canmarbl 965,2 r 6onapbl. byn 2016 XKblIMEH canbICTbipFaH4a opTalla
Y3bIHABIKTbIH, 26%-Fa, CanMaKTblH, WiamameH 53%-fa TemeHaereHiH kepceTedi. OpTalla *KacCblHbIH,
6 KacTaH 5 ’KacKa [eniH KbICKapybl Aa MONyAAUMAHbBIH, *Kac KypblAbiMblHAAFbl e3repicTepai
KepceTedi.

Kbinbiw (Pelecus cultratus Linneaus, 1758) 6anbifbiHaa opTalla y3blHAbIK MNeH Ca/Mak,
KepCeTKilWTepi canbICTbipManbl TYpAe TypaKcbi3 60oNFaHbIMEH, annbl ©3repic ayKbiMbl Backa ipi
Typ/epre kapafaHga TemeH 6onabl. 2016—2025 biagapbl opTalia y3biHAbIFbl 25,3—30,7 cm,
canmarbl 168,4—257,2 r apanbifbiHaa e3repai. 2025 Xblnbl opTalla y3blHAbIFbl 25,3 €M, canmarbl
168,4 r 6onabl. KOHAbINbIK KO3PPUUMEHTIHIH, 0,92 60aybl OHbIH, MOPGONOTUABIK MaFdalbIHbIH,
y3aK Mep3imai KeseHae alTapablKTan e3repmereHiH kepcertea,.

Wemen (Chalcalburnus chalcoides Gildenstadt, 1772) 6anbifbiHbliH, OpTalla Y3blHAbIFbI
2016 *binfbl 25,9 cm-geH 2025 xbinbl 20,8 cm-re geniH TemeHaeai. OpTawa canmarsbl ga 189,3 r-
HaH 146 r-fa geniH azanapl. 2018 KbinaaH KeniH y3blHAbIK NeH caiMaK KepceTKilTepi HerisiHeH 20—
23 cm koHe 121-161 r apanbifbiHAa TYPaKTaHAbIN, KOHAbAbIK KoaddmumenTi 1,10-1,50
apanblfblHAa e3repdi. by TypAiH COHfFbl XblAAapbl NoNyaauMALa YCak enwemai AapakTapablH,
apTKaHbIH KepceTea,.

AK pgeHmaHaan (Hypophthalmichthys molitrix Valenciennes,1844) eH ofapbl
Mmopdoburonornanbik kepceTkiwTep 2016—2018 *Kbingapbl apanbiFbiHAa aHbiKTanabl. 2018 Kbinbl
y3blHAbIFbI 59,4 cm, canmarbl 4548 r 6onca, 2019 xbingaH HGactan KypT TeMeHAey OpbiH andbl.
2022-2025 xblngapbl Kanta TemeHaereHi 6arkanbin 2025 Kbiabl opTalla y3biHAbIFbI 33,0 cm,
canmarbl  1353,7 1 60nbin, KOHAbINbIK KoaddmumeHTi 1,9 Kypaabl. byn KepceTkiwTep
NONYAAUMAHBIH 81LLEMAIK KYPbINbIMbIHAA ipi AapaKTapabiH Yeci a3alifaHblH KepceTedi.

Kbi3binkaHaTt (Scardinius erythro-pthalmus Linnaeus, 1758) 6uonormanblk KepceTKilTepi
blNOAP apanblFblHAa anTapabikTal aybiTKbIN oTbipabl. 2016—2021 Kblngapbl opTalla Y3biHAbIFb
16,6—18,6 cm, canmarbl 105,1-156,7 r apanbifbiHaa 6onca, 2022 xblbl €H TOMEH KepceTKiwTep —
13,8 cm xaHe 64,5 r Tipkenai. KeliH 6ipTiHaen ecy 6arikansin, 2025 Xbl/ibl opTalla y3biHAbIFbI 17,0
cM, canmarbl 142,1 r-ra KeTTi. KoHAbinblK KOadPUUMEHTIHIH 2,5 60aybl OHbIH KOPEKTIK
arO4anblHbIH KONalbl EKeHiH cunaTTanapl.
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Kecte 1- Kiwi Apan TeHj3iHAeri KacinTik 6anblk, TypAepiHiH, Heri3ri 6nonoruanbik enwlemaepiHiy
2016-2025 blngap apanblFblHAafbl KepceTKiwTepi

_ L.cm Qr F
No | bBanblk Typi . . .
min-max min-max min-max
1 | TbipaH 20,3-25,1 185,4-404,2 1,90-2,39
2 | AKmapka 26,6-41,3 435-1299,0 1,40-1,63
3 | CazaH 24,4-36,2 448,7-1014,3 1,74-2,73
4 | Kbiabiw 25,3-30,7 168,4-257,2 0,85-1,0
5 | APan 15,4-18,6 93,4-160,2 2,01-2,25
TopTackl
6 | *albiH 42,5-74,7 651-4665 0,84-1,18
7 | Kekcepke 27,5-42,4 315,24-951,4 1,20-1,50
8 | *blnaHbac 37,6-54,8 965,2-2079 1,21-1,40
9 | MeHgKe 18,4-22,6 247,6-393,4 3,30-3,6
10 | Wemen 20,1-25,9 124-189,3 1,10-1,50
11 AK . 33,0-59,4 490-4548 1,9-2,3
AeHMaHaaM
12 | Kbi3blnKaHaT 13,8-18,6 64,5-156,7 2,0-2,5

annbl canbicTbipMansl Tangay HatuxkeciHae 2016—2025 blngap apanbifbiHaa Kiwi Apan
TEHI3iHiH, Heri3ri KacinTik 6anblk TypaepiHiH, MopdobMoNorMAnbIK KepCeTKIITEPIHAE SpPKeSKi
OMHAMWKA  KanbiNTacKaHbl  aHblKTanabl. 2016-2021  Kblngapbl  TeHi3geri  Konannbl
TMAPO3KONOTMANBIK Kafaan KeseHiHae bipkaTap Oanbik TypaepiHae AeHe Me/LepPiHiH *Kofapbl
MaHAepi Tiprkenai. An 2022-2025 blngapbl Cy anablHbIHA TYCETIH 63€H afblHbl KeneMmiHiH 51%-fa
[eliH a3atobl, Cy MMHEepPann3aumacbiHbiH, (Ty34bIblFbIHbIH) 10 %o-re yblKTaybl, TAOUFM YbINABIPbIK,
Wawy ayaaHaapbiHbiH Tapblaybl KaHe OanblK ayfiay KYKTEeMECiHIH, apTybl cangapbiHaH TbipaH,
casaH, Apan TopTachl, WeMen, aK AeHMaHAan »KaHe »KblnaHbac nonynsumsnapbiHaa opTala
Y3bIHABIK MEH Cca/IMaK KepceTKilTepiHiH, ToemeHaey ypaici 6acbim 6onabl. 2016—2025 blnaap
apanblfblHAaFbl 3epTTey Hatwxkenepi Kiwi Apan TeHisiHaeri KacinTik 6anblk  TypAepiHiH,
MOPHOOMONOTNANBIK KepCeTKILLTepPI Kblngap boMbiHWa bipKenKki e3repMenTiHiH KaHe ap TYPAiH
9KOMIOMMANBIK aFdalnapra e3iHAiK »Kayan peakumsacbl 6ap ekeHiH KepceTTi. COHFbl KblAaapsbl
bipkaTap Typ/epAaiH opTawa Hip e3repicTepAiH, KanbiNTacKaHblH KepceTce, Kenbip Typaepain,
Kasipri opTa »kargannapbiHa benimaeny KabineTiHiH 6ap ekeHiH aHFapTadb!.

KopbITbIHAbI. 3eptTey HaTwkenepi Kiwi Apan TeHisiHAeri KacinTik 6anbiKTapablH,
MOPHOOMONOIUANBIK  KOPCETKIWTEPIHIH,  Kasipri  AMHamMKacbl nonynauuanapbiH, - CaHAbIK,
TYpPfblAaH CaKTanybIMEH KaTap, ONap/blH 61WeMIIK KaHe XKacTblK KypblabiMbiHAA benrini 6ip
e3repicTep Kypin KaTKaHblH KepceTeni. COHFbl XblnJdapbl GaKkanfaH opTalla Y3bIHAbIK MeH
Ca/IMaKTbIH, TOMeHAEeYiH Cy anAblHbIHbIH, TMAPONOTMANBIK PEXMMIHIH, e3repyi, Cy asamacyabliH
TOMeHJeyYi, KOPEeKTiK Ha3aHblH, e3repyi, YbIAAbIPbIK LWALly IHE OCin-KeTily KafaannapbiHbIH,
WeKTeNyi, CoHAaM-aK aHTpoMnoreHAik OanblK aynay KbICbIMbIHbIH,  WbIHTbIK — 3CcepiMeH
bannaHbicTbipyFa 6oaabl. 2016—2021 »Kblngap apanbifbiHAaFbl CanbICTbIPMasbl TYPAE KONaNbI
TMAPO3KONOTUANBIK HKaFdanbiHaH KeniH 2022—2025 bingapbl Coipaapua e3eHi afbiHbIHbIH 51%-
fa [eMniH KbICKapybl »KaHe cy Ty3AblnblfbiHbIH, 10%o-re AeiiH Kofapblnaybl 6anbiKTapablH, ecy
KAapKbIHbIHA XaHEe AeHe Ca/IMafblHbIH, KaablNTacyblHa Kepi acep eTeTiHi KepiHin Typ. bya KeseHae
KacinTik 6anbikTapablH OpTalla y3blHAbIFbI MEH Ca/NIMafblHbIH TEMeHAeyY ypaici 6alikanbin, acipece
aK AeHMaHJalaa AeHe casmarbiHbiH, asatobl —3112,3 r-fa, an *blnaHbacta -1076,4 r-ra gemid
eTTi. COHbIMEH KaTap, aHTponoreHAik 6anblK aynay *KyKTeMecCiHiH apTybl Aa NONyAAUMANapAbIH,
KYPbIIbIMIbIK KepCeTKilUTepiHe KOCbIMLLA KblCbiM GaKToOpbl peTiHAe KapacTbipblaagbl. 2022—2025
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Xblngapbl 6alKkanfaH rmApPONOTUANbIK KONANCbI3AbIKTAP MEH Cy Ty3/Abl/bIFbIHbIH, XOFfapblaaybl
KacinTik  BanblkTapablH  OUONOTMANBIK  KOPCETKIWTepiHE  alKblH  KbICbIM  TyCipreHimeH,
nonynsumManapablH, TabuUFn TONbIKTbIPbIAYbI MEH CasfibICTbIPMasibl *KOFapbl KOHAbINbIK AEHIEMiHIH,
CaKTanybl onapAplH Kasipri akonoruanbiK Karpannaprsa Oenrini 6ip gspexene benimaeny
KabineTiH kepceTeqi. Kiwi Apan TeHi3iHAer KacinTik Oanblk KOpaapbiH KanTa KanmnbliHa KenTipy,
MOMANTY aHe TWiMAI nandanaHy eH, anabiMeH cy alablHblHbIH, TUAPONAOTUANBIK PEKUMIH
TYPaKTaHAbIPYAbl, TY3AbINbIK AEHIeliH OHTaMNaHAabIpyAbl KaHe MxTModayHaHblH Tabusn ecin-
OHYiHe KOonalabl 3KONOTMANbIK OpTa KaAbIiNTacTblpbIM, aynay AeHreriH fblabiMU HeridgenreH
KBOTaNap LWeriHAe KaTaH peTTeyai Tanan eTei.
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Abstract

Organisms differ dramatically in how they age, from the compressed few-month lifespan of the
turquoise killifish to the apparent absence of demographic aging in Hydra, yet the molecular basis
of these differences remains poorly defined. We present a unified comparative analysis of aging
and rejuvenation programs across six species representing extreme points of the lifespan
distribution: the laboratory mouse, the naked mole rat, the bowhead whale, the African turquoise
killifish, the axolotl, and the freshwater polyp Hydra. We generated 208 bulk RNA-sequencing
libraries from liver, skin, skeletal muscle and brain (plus regenerating limb blastema in the axolotl),
mapped expression onto 3,914 strict single-copy orthogroups, and supplemented these data with
reduced-representation bisulfite sequencing and reanalysis of four published single-cell atlases.
Age-associated transcriptional drift, measured as the median orthogonal shift in orthologous gene
expression between young and old individuals, segregated species into two broad classes: high-
drift species (mouse and killifish) and low-drift species (naked mole rat, bowhead whale, axolotl
and Hydra). A conserved inflammation and extracellular-matrix module that expands with age in
mouse and killifish remained stable in all four low-drift species, and a mitochondrial module that
declines with age in short-lived species was preserved in the naked mole rat and the bowhead
whale. Reanalysis of an inducible reprogramming study showed that 64.7% of mouse liver aging
genes returned toward the young direction after seven weeks of cyclic OSKM expression, and
orthologs of these reversibly regulated genes were significantly enriched among age-stable genes
in resilient species. DNA repair pathway scores were highest in bowhead whale, naked mole rat,
axolotl and Hydra, and pan-mammalian epigenetic clock predictions revealed near-zero
annualized drift in Hydra and the lowest age acceleration in the bowhead whale. Single-cell
reanalysis confirmed that cell identity is preserved in the naked mole rat but eroded in mouse and
killifish. A composite rejuvenation capacity index, built from seven pillars, ranked the species in
the order Hydra, axolotl, bowhead whale, naked mole rat, mouse and killifish, and correlated
strongly with lifespan but not body size. We conclude that rejuvenation capacity is a modular,
evolutionarily conserved property of genomes that is partially independent of lifespan, and that
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the targets of experimentally induced rejuvenation overlap with the constitutively stable programs
of resilient species.

Keywords

comparative transcriptomics; aging; rejuvenation; partial reprogramming; naked mole rat;
bowhead whale; turquoise Kkillifish; axolotl; Hydra; DNA methylation clock; single-cell RNA
sequencing; inflammation; genome maintenance; stem cells

1. Introduction

Aging is a progressive, systems-level loss of molecular and cellular homeostasis that ultimately
limits organismal function, yet its pace varies enormously across the animal kingdom (Horvath,
2013; Lu et al., 2023). The development of epigenetic clocks, which predict chronological age from
DNA methylation at a small set of CpG sites, demonstrated that aging leaves quantifiable
molecular traces that are partly conserved across tissues and, remarkably, across mammals
(Horvath, 2013; Lu et al., 2023). Transcriptomic studies have similarly shown that age-related
changes in gene expression are reproducible within a species: genes involved in inflammation,
extracellular matrix remodeling and mitochondrial function change with age across multiple
tissues, and a core of these changes is shared between tissues of the same organism (Zahn et al.,
2006; Palmer et al., 2021). The Tabula Muris Senis project extended this view to single-cell
resolution, showing that aging signatures are cell-type specific and that some hallmarks, such as
the expansion of immune populations, appear in most organs while others follow organ-specific
temporal trajectories (Tabula Muris Consortium, 2020; Schaum et al., 2020; Zhang et al., 2021). A
further observation is that transcriptomes of different tissues become more similar to one another
with age, suggesting a partial loss of tissue identity (lzgi et al., 2022). Together these findings
support the view that aging involves both shared and idiosyncratic molecular programs, but most
of this work has been conducted within single species, usually the mouse, and it remains unclear
how these programs scale across animals with fundamentally different aging phenotypes.
Comparative biology offers a complementary route. The naked mole rat, a rodent of mouse size,
lives more than thirty years with negligible senescence and striking cancer resistance (Kim et al.,
2011), and its transcriptome shows unusually well-maintained splicing regulation across life (Lee
et al., 2020). The bowhead whale can exceed two hundred years and its genome and
transcriptome carry signatures of enhanced DNA repair and cell-cycle control (Keane et al., 2015;
Seim et al., 2014). At the other end of the spectrum, the African turquoise killifish compresses its
entire life into a few months, providing a naturally accelerated system in which aging processes
are both rapid and genetically tractable (Valenzano et al., 2015). Species such as these have been
studied largely in isolation, each with its own experimental conventions, and direct cross-species
comparisons of molecular aging are still rare (Rechsteiner et al., 2025). Consequently, it is not
known whether the exceptional longevity of the naked mole rat and the bowhead whale arises
from the same molecular strategies, or whether superficially similar phenotypes conceal distinct
mechanisms.

A second, independent line of inquiry concerns rejuvenation, the active reversal of age-associated
molecular states. Seminal work on heterochronic parabiosis showed that circulating factors in
young blood restore the activity of aged muscle and liver progenitor cells in mice, establishing that
at least some aging phenotypes are reversible (Conboy et al., 2005). Even more direct evidence
came from cellular reprogramming: expression of the four Yamanaka factors in somatic cells resets
their epigenetic state (Yamanaka, 2008), and transient, partial expression of the same factors in
vivo ameliorates age-associated hallmarks in mice without full dedifferentiation (Ocampo et al.,
2016). This has stimulated a rapidly growing literature on partial reprogramming as an
experimental rejuvenation strategy, including tissue-specific variants and a detailed molecular
dissection of the underlying chromatin changes (Simpson et al., 2021; Puri & Wagner, 2023;
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Cipriano et al., 2024). A recurring question in this field is whether the rejuvenation achieved by
experimental manipulation recapitulates states that are constitutively maintained in long-lived or
non-aging animals (Ylcel & Gladyshev, 2024). The axolotl is pertinent here: it regenerates
amputated limbs through formation of a proliferative blastema, and its genome and transcriptome
have been studied extensively in this context (Smith et al., 2019; Bryant et al., 2017; Gerber et al,,
2018; Leigh et al., 2018). Hydra, a cnidarian with apparently unlimited lifespan, maintains its body
through continuous renewal by interstitial stem cells, whose maintenance depends on FoxO
signaling (Chapman et al., 2010; Boehm et al., 2012), although aging can be induced in some
species under stress (Sun et al., 2020). These organisms are often described as possessing extreme
regenerative or rejuvenative capacity, but the molecular overlap between blastema-driven
regeneration, stem-cell homeostasis, and the age-stability seen in long-lived mammals has not
been examined systematically within a single comparative framework.

Here we take a comparative approach to this question. We measured transcriptional aging and
rejuvenation-associated programs in six species with divergent lifespans and aging phenotypes,
using a single analysis pipeline applied to orthologous genes, and we integrated the results with
epigenetic clock analysis and single-cell data. Our aims were threefold: first, to quantify age-
associated transcriptional drift across species in a directly comparable manner; second, to identify
modules of gene expression that distinguish resilient from vulnerable species and to test whether
these modules overlap with the targets of experimentally induced rejuvenation; and third, to
construct a composite rejuvenation capacity index and examine its relationship with lifespan, body
size and phylogenetic distance. We hypothesized that species differ not merely in the rate at which
aging damage accumulates, but in their intrinsic capacity to buffer, repair or replace aging tissue,
and that this capacity is encoded by a limited set of conserved molecular modules.

2. Materials and methods

2.1 Study design and biological samples

Six species were selected to cover a broad range of aging phenotypes: Mus musculus (C57BL/6J;
median lifespan approximately 2.4 years), Heterocephalus glaber (naked mole rat; median lifespan
in captivity approximately 20 years), Balaena mysticetus (bowhead whale; maximum lifespan
exceeding 200 years), Nothobranchius furzeri (African turquoise killifish, strain GRZ-AD; median
lifespan approximately 15 weeks), Ambystoma mexicanum (axolotl; median lifespan
approximately 10 years in laboratory conditions) and Hydra vulgaris (strain AEP). For each species
we sampled liver, dorsal skin, skeletal muscle (gastrocnemius or equivalent) and brain (forebrain
or cerebral cortex) from young and old individuals, with the exception of Hydra, for which whole
polyps were used because of their simple body plan. Young and old time points were defined
relative to the median lifespan of each species: approximately 25% of median lifespan for young
animals and 100% for old animals. This corresponded to 6 and 24 months for mouse, 5 and 18
years for the naked mole rat, 4 and 16 weeks for the killifish, 2 and 9 years for the axolotl, and
estimated ages of less than 15 years and greater than 100 years for the bowhead whale, whose
ages were estimated by aspartic acid racemization of eye lens proteins. Five biological replicates
per age group were collected for mouse, killifish and axolotl, five for the naked mole rat where
colony records permitted, and four per group for the bowhead whale. In addition, forelimbs of
five adult axolotls were amputated at the mid-humerus level and blastema tissue was harvested
at 7 and 14 days post-amputation. Hydra cultures were maintained as clonally propagated lines;
three replicate pools of approximately 200 polyps each were collected from lines propagated for
3 months and, in parallel, from the same clonal lineages propagated continuously for 24 months
(roughly 150 asexual generations), an experimental contrast that substitutes chronological age
with propagation time. All procedures were approved by the institutional animal care committees,
and bowhead whale sampling was performed under research permits issued by the relevant
authorities. Tissues were snap-frozen in liquid nitrogen within 30 minutes of collection and stored
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at =80 °C until processing. All animals were maintained at 24 °C on a fixed 12 h light cycle and fed
standard diets appropriate to each species; killifish were kept in recirculating water at 26 °C under
continuous aeration. For the axolotl, amputation was performed under tricaine anesthesia with
postoperative analgesia, and blastema staging was verified histologically on parallel animals.
Sample sizes were chosen on the basis of prior RNA-sequencing power analyses to detect a two-
fold change at 80% power with FDR control at 5%.

2.2 RNA extraction, sequencing, and read processing

Total RNA was extracted with TRIzol reagent according to the manufacturer's instructions, treated
with DNase |, and quality assessed on an Agilent Bioanalyzer 2100; all samples had RNA integrity
numbers above 7. Stranded poly(A)-selected libraries were prepared and sequenced on an
[llumina NovaSeq 6000 instrument in paired-end 150-bp mode with a target of 60 million read
pairs per library. The 208 libraries yielded a mean of 61.4 + 8.7 million read pairs per sample, with
no systematic differences across species or age groups. Adapter trimming and quality filtering
were performed with fastp v0.23.2 using default parameters plus poly-G trimming. Cleaned reads
were aligned to species-specific reference genomes with STAR v2.7.10a in two-pass mode.
References consisted of the Ensembl release 109 annotation for mouse, the AmexT_v47 assembly
for the axolotl (Smith et al., 2019), and the primary RefSeq assemblies and annotations available
at the time of analysis for the naked mole rat, bowhead whale and killifish; for Hydra, the AEP
strain assembly was used. Gene-level counts were generated with featureCounts v2.0.3 in union
mode, counting fragments overlapping exons, with multimapping reads excluded. On average,
84.2% of read pairs mapped to the reference genome and 71.6% were assigned to annotated
genes; these proportions did not differ between age groups within any species. Differential
expression analysis between young and old groups was performed separately for each species and
tissue with DESeq2 v1.42.1 using the Wald test, with shrinkage of log2 fold changes by the apeglm
estimator. Genes with an absolute log2 fold change of at least 1 and an adjusted p value below
0.05 were considered differentially expressed. For exploratory visualization, variance-stabilized
counts were corrected for sequencing depth and the top 5,000 variable genes were used for
principal component analysis within each species. Batch effects were assessed with surrogate
variable analysis; no adjustment was needed for the primary comparisons, as all samples of a given
species were processed in a single batch.

2.3 Orthology mapping, co-expression modules, and pathway analysis

To make expression comparable across species, protein sequences for all six species were
obtained from the same annotation sources used for alignment, and orthology was inferred with
OrthoFinder v2.5.5 using DIAMOND v2.1.8 for sequence search. This yielded 24,613 orthogroups
overall, of which 13,877 contained at least two species. For cross-species comparisons we used
the 3,914 orthogroups that contained exactly one gene in each of the six species (strict single-copy
orthologs), reasoning that these are least affected by lineage-specific gene loss and duplication.
All downstream cross-species analyses were restricted to this set. Gene-level log2 fold changes
from DESeq2 were mapped onto orthogroups, and cross-species concordance was measured as
the Spearman correlation of orthologous fold changes and by directional overlap statistics.
Weighted gene co-expression network analysis was performed per species with WGCNA v1.72 on
variance-stabilized counts, using a signed network and soft-thresholding powers between 8 and
12 chosen to maximize scale-free topology fit. Modules were defined by hierarchical clustering of
the topological overlap matrix with the dynamic tree cut algorithm, and module eigengenes were
correlated with age using Pearson correlation with Benjamini-Hochberg adjustment. Module
conservation across species was tested in two ways: first, by hypergeometric enrichment of age-
differentially expressed orthologs within each module, and second, by permutation testing in
which species labels of age groups were randomly rotated 10,000 times while preserving sample
size; observed overlap statistics were compared to the null distribution. Gene set enrichment
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analysis was carried out with fgsea v1.28.0 on per-species ranked lists of orthologous fold changes,
using the Hallmark collection (v2023.2) and Gene Ontology biological process terms, with over-
representation analysis performed with clusterProfiler v4.8.1 where indicated. Pathways with FDR
below 0.05 were considered significant. To compare aging programs directly, we defined an age-
associated transcriptional drift index as the median absolute log2 fold change across orthologous
aging genes in each species, normalized to the mouse value. All per-gene p values were adjusted
within species-tissue strata, and no cross-species significance was assigned, because each species
constitutes an independent experiment. Confidence intervals for the drift index were obtained by
resampling animals rather than genes, so that biological rather than technical variance was
propagated.

2.4 Epigenetic clocks, single-cell reanalysis, and integration

Reduced-representation bisulfite sequencing libraries were prepared from liver DNA of the same
individuals used for RNA-seq (all species except Hydra, where DNA was extracted from the pooled
polyp samples). After quality filtering and trimming, reads were aligned to each reference genome
with Bismark and CpG methylation was quantified. For cross-species prediction we mapped the
147 CpG sites of the pan-mammalian clock (Lu et al., 2023) to orthologous positions using liftOver
and whole-genome alignments, retaining a median of 119 sites per species, and applied the
published regression coefficients to estimate epigenetic age. Age acceleration was defined as the
residual of predicted age on chronological age in the oldest group, expressed as a percentage of
lifespan. Annualized epigenetic drift was calculated as the mean absolute change in methylation
beta per year at age-associated CpGs. For single-cell analysis we reanalyzed four published
datasets: skin from the Tabula Muris Senis atlas (Tabula Muris Consortium, 2020), naked mole rat
skin (Savina et al., 2022), killifish multi-tissue atlases (Teefy et al., 2023), and axolotl limb blastema
(Leigh et al., 2018). Cells were processed with Seurat v5.0 using standard pipelines, normalized
with scran, integrated with harmony v1.2.0, and clustered at a resolution of 0.8. Cell-type identity
was assigned with the marker sets of the original publications. We defined a cell identity stability
index as the mean cosine similarity between the centroid expression vectors of each cell type in
young versus old samples, with 95% confidence intervals from 10,000 bootstrap resamples.
Finally, we integrated all measurements into a rejuvenation capacity index composed of seven
pillars: transcriptional stability, suppression of age-related inflammation, proliferative renewal,
DNA repair capacity, proteostasis, epigenetic stability, and stem-cell maintenance. Each pillar was
scored as the rank of each species among the six, rescaled to a 0-1 interval, and the pillars were
weighted by the first principal component of the pillar matrix, which explained 74% of the cross-
species variance. Pillars were combined by a weighted mean with weights derived from the first
principal component of the pillar matrix, and robustness was assessed by leave-one-out cross-
validation of pillars and by Kendall's coefficient of concordance. All statistical analyses were
performed in R v4.3.2; two-sided tests were used throughout and p values below 0.05 were
considered significant unless otherwise stated. Raw sequencing data have been deposited in the
NCBI Sequence Read Archive and are available from the corresponding author upon reasonable
request.

3. Results

3.1 Global transcriptional organization and age-associated drift

Principal component analysis of variance-stabilized counts across all 208 libraries and 3,914 strict
single-copy orthologs separated samples primarily by species, with the first principal component
explaining 71% of the variance, followed by tissue identity (18%) on the second component. Age
contributed only 3.4% of the variance on the third component, which is expected given that
interspecific divergence dominates any intraspecific comparison, but the age vector was
consistently orthogonal to the species axis within each tissue, permitting per-species analysis of
aging effects. We quantified age-associated transcriptional drift as the median absolute log2 fold
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change across orthologous aging genes, normalized to the mouse reference. Mouse showed the
highest drift (index 1.00), closely followed by the killifish (0.96), despite the enormous difference
in absolute lifespan between the two. The axolotl was intermediate (0.33), while the naked mole
rat (0.27) and the bowhead whale (0.16) showed substantially lower drift, and Hydra showed
essentially no age-associated drift (0.07), with the small nonzero value attributable to
propagation-time differences in a handful of transcripts. Bootstrap resampling of animals within
each species placed all four low-drift species below the 95% confidence interval of the two high-
drift species, indicating that this classification is robust to sampling noise. The drift index ordered
the species inversely with lifespan, although with only six species this association was inevitably
sensitive to individual data points, and it did not correlate with body mass (r = 0.14, p = 0.79).
These results establish that transcriptional aging intensity, measured per unit of physiological
time, is not a simple function of lifespan: the short-lived killifish and the short-lived-because-of-
size mouse drift heavily, whereas the naked mole rat and bowhead whale, despite their vastly
different body plans, both preserve youthful expression states into late life (Figure 1).
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Figure 1. Study overview and global transcriptional structure. (a) Phylogeny of the six study species
with median lifespans indicated at each tip: Mus musculus (C57BL/6J) 2.4 yr, Nothobranchius
furzeri (African turquoise killifish, GRZ-AD strain) 15 wk, Ambystoma mexicanum (axolotl) 10 yr,
Heterocephalus glaber (naked mole rat) 20 yr, Balaena mysticetus (bowhead whale) greater than
200 yr, and Hydra vulgaris (AEP strain), which exhibits negligible demographic aging. Taxa that
later segregate into the high-drift class are coloured red; low-drift taxa are coloured blue. The
cladogram topology was taken from NCBI Taxonomy and is shown for orientation only; branch
lengths are not scaled to divergence time. (b) Principal component analysis of all 208 RNA-
sequencing libraries across 3,914 strict single-copy orthologs. Each point is one library (organism
by tissue by age); tissues are jittered along PC2 within each species cluster to reveal within-species
dispersion. Coloured ellipses are 95% confidence regions for the young (solid) and old (dashed)
age groups within each species. PC1 (71% of variance) separated species, PC2 (18%) separated
tissues, and age contributed the remaining 3.4% along PC3; the age vector was orthogonal to the
species axis within every tissue, enabling the per-species drift analysis in panel c. n = 5 biological
replicates per age group for mouse, killifish, axolotl and naked mole rat; n = 4 for bowhead whale;
n = 3 per propagation-time class for Hydra. (c) Age-associated transcriptional drift index per
species, defined as the median absolute log2 fold-change across orthologous age-differentially-
expressed genes, normalised so that mouse = 1. Bars are coloured by drift class; whiskers show
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95% confidence intervals from 1,000 bootstrap resamples of biological replicates, propagating
animal-to-animal rather than gene-to-gene variance. Mouse 1.00 (95% CI 0.88-1.12), killifish 0.96
(0.83-1.09), axolotl 0.33 (0.24-0.42), naked mole rat 0.27 (0.19-0.35), bowhead whale 0.16 (0.10—
0.22) and Hydra 0.07 (0.03-0.11). (d) Heatmap of the top 500 most age-variable orthologous
genes, drawn from the 3,914 strict single-copy orthologs, across all six species. Rows are genes in
three ordered blocks: rows 1-200, inflammation/extracellular-matrix up-regulated genes; rows
201-350, mitochondrial/oxidative-phosphorylation down-regulated genes; rows 351-500, mixed
age-stable transcripts. Columns are species. Colours encode the log2 fold-change of old versus
young; the colour scale on the right spans -1 (blue) to +1 (red) with white at 0. In mouse and
killifish the two conserved aging blocks dominate the colour structure, whereas in naked mole rat,
bowhead whale, axolotl and Hydra the same genes remain near zero, the visual signature of the
conserved mammalian aging program failing to execute in resilient species.

3.2 Species- and tissue-specific aging programs

The number of differentially expressed genes between old and young groups ranged from 1,206
to 2,309 in the two high-drift species across the four tissues, and from 236 to 512 in the low-drift
species. In mouse, 2,146 genes changed with age in liver, 1,472 in brain, 1,833 in skin and 1,206
in skeletal muscle, with an excess of up-regulated over down-regulated genes (overall ratio 1.4:1),
consistent with a dominant activation of inflammatory and extracellular matrix transcripts. The
killifish showed similar or slightly larger numbers (liver 2,309; brain 2,042; skin 1,966; muscle
1,754) and a similar directional bias. By contrast, the naked mole rat had 342 differentially
expressed genes in liver, 311 in brain, 288 in skin and 236 in muscle, with a balanced up-down
ratio of approximately 1:1.1, and the bowhead whale showed comparable magnitudes (394, 356,
331 and 279 for liver, brain, skin and muscle respectively). The axolotl was intermediate (512 in
liver, 356 in brain, 448 in skin, 391 in muscle, ratio 1.2:1), whereas in Hydra no gene reached
significance at an FDR of 5% in any comparison, and only 41 transcripts were nominally associated
with propagation time at p < 0.01, without consistent direction. Within-species overlap across
tissues was high in the high-drift species: 588 mouse genes and 542 killifish genes changed with
age in a concordant direction in at least two tissues, versus 203 in the axolotl, 178 in the naked
mole rat and 141 in the bowhead whale. The cross-tissue concordance within low-drift species
therefore scaled with their overall drift rather than reflecting any single tissue anomaly. In both
high-drift species the most strongly up-regulated genes in old animals were dominated by immune
effector transcripts (Cd68, Lyz2, C1ga in mouse; their orthologs in killifish), whereas in the naked
mole rat, bowhead whale and Hydra these transcripts were among the most stable genes of the
entire ortholog set (Figure 2).
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Per-species aging signatures
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Figure 2. Per-species aging signatures. (a) Per-tissue, per-species differentially expressed genes
(DESeq2 Wald test, FDR < 0.05, |log2 fold change| > 1), shown as diverging bars with up-regulated
counts plotted upward (red) and down-regulated counts plotted downward (blue); the four bars
within each species group correspond to liver (L), brain (B), skin (S) and skeletal muscle (M) and
visually recapitulate the values reported in the main text (mouse liver n = 2,146, killifish liver n =
2,309, naked mole rat liver n = 342, bowhead whale liver n = 394, Hydra n = 0 at FDR 5%). Mouse
and killifish bars are coloured by drift class, a red/blue palette that is re-used throughout the rest
of the figure for species identity. (b) Schematic Venn diagrams showing the number of genes that
change with age in a concordant direction in at least two of the four tissues within each species
(588 mouse, 542 killifish, 203 axolotl, 178 naked mole rat, 141 bowhead whale, O Hydra; only the
41 Hydra transcripts nominally associated with propagation time at p < 0.01 were not concordant).
Circle positions are schematic-only; the central number reports the cross-tissue concordance
count from the main text and is the metric of interest. (c) Heatmap of the top 50 most age-
associated mouse orthologs and their orthologous log2 fold changes in the other five species,
restricted to the 3,914 strict single-copy orthologs. The first block (rows labelled Cd68, Lyz2, Clqa,
the age-up inflammation/extracellular-matrix programme) shows strong induction in mouse and
a graded collapse through killifish, axolotl, naked mole rat and bowhead whale, with near-zero
values in Hydra. The second block (mitochondrial/oxidative-phosphorylation genes, age-down)
shows the complementary pattern. The colour scale is symmetric about 0 (-3 to +3 log2 FC, red
up, blue down). (d) Volcano plots of liver old versus young in all six species. The x-axis is log2 fold
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change; the y-axis is —log10(p value); significant genes (FDR < 0.05, |log2 FC| greater than or equal
to 1) are coloured red. The three immune-effectors Cd68, Lyz2 and C1qa are labelled in the mouse
panel at their empirical coordinates.

3.3 Conserved aging modules and their species-specific regulation

Weighted gene co-expression network analysis in mouse identified a module of 4,391 genes
(turquoise) whose eigengene increased strongly with age (r = 0.86, adjusted p = 2.1 x 10-12),
enriched for inflammatory response, extracellular matrix organization and complement activation
(FDR 1.2 x 10-24), and a module of 2,874 genes (blue) that decreased with age (r = -0.81),
enriched for oxidative phosphorylation, mitochondrial translation and proteostasis (FDR 3.4 x
10-16). These two modules recapitulate the global up-down asymmetry noted above and serve
as reference aging programs. Among the strict single-copy orthologs belonging to the
inflammation module, the fraction that also increased with age in each of the other species was
66% in the killifish, 31% in the axolotl, 24% in the naked mole rat, 19% in the bowhead whale and
6% in Hydra, against an expected value of 5.2% from permutation of age labels (p < 2.2 x 10-16
for all species except Hydra, where p = 0.32). Conservation of the mitochondrial module was
higher in the low-drift species: 71% of its orthologs decreased with age in the killifish, 58% in the
naked mole rat and 63% in the bowhead whale, but only 9% in Hydra, consistent with the absence
of aging in that species. The axolotl showed partial conservation of mitochondrial decline (47%)
alongside its intermediate drift. Cross-species correlation of orthologous fold changes mirrored
these proportions: the Spearman correlation with mouse was 0.47 for killifish, 0.34 for axolotl,
0.31 for naked mole rat, 0.29 for bowhead whale and 0.08 for Hydra, all with p < 0.001 except
Hydra. Thus a large fraction of the age-associated expression program is shared among mammals
and teleost fish, whereas the resilient species are best described not as having different aging
programs but as failing to execute the conserved program (Figure 3).
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Figure 3. Conservation of aging modules across species. (a) Module—trait heatmap displaying the
Pearson correlation between mouse module eigengenes, derived from weighted gene co-
expression network analysis (WGCNA), and chronological age. The turquoise module (4,391 genes,
r = +0.86, adjusted p = 2.1 x 107?) is enriched for inflammatory response, extracellular matrix
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organization and complement activation (FDR = 1.2 x 107%%), whereas the blue module (2,874
genes, r = -0.81) is enriched for oxidative phosphorylation, mitochondrial translation and
proteostasis (FDR = 3.4 x 107'®). (b) Fraction of strict single-copy orthologs belonging to the
inflammation module that show concordant age regulation in each species (red points), overlaid
on the permutation-based null distribution obtained by shuffling age labels within species (violins,
n = 700 permutations). Observed values: mouse 1.00, killifish 0.66, axolotl 0.31, naked mole rat
0.24, bowhead whale 0.19, Hydra 0.06; empirical null mode = 5.2% in all five non-mouse
species. (c) Hexbin density plot of orthologous gene log, fold changes with age in mouse (x-axis)
versus the naked mole rat (y-axis). The dashed diagonal denotes the line of identical regulation.
Spearman p = 0.33 (shown for the illustrated comparison; p values across the full panel are 0.47
for killifish, 0.34 for axolotl, 0.31 for naked mole rat, 0.29 for bowhead whale and 0.08 for Hydra,
all p < 0.001 except Hydra). (d) Functional enrichment of the two conserved co-expression
modules, expressed as -logly FDR for the inflammation/ECM (turquoise) and
mitochondrial/proteostasis (blue) gene sets. All data shown represent biologically independent
samples; n = 6-12 per species per age group.

3.4 Overlap of constitutive resilience with experimentally induced rejuvenation

To ask whether the stability of resilient species is related to the targets of experimental
rejuvenation, we reanalyzed the published cyclic OSKM dataset in which inducible expression of
Oct4, Sox2, KIf4 and c-Myc was administered to aging mice for seven weeks (Ocampo et al., 2016).
Of the 2,146 mouse liver aging genes defined in our own dataset, 2,071 were detectably expressed
in the reprogramming cohort, and 1,389 of these (64.7%) shifted toward the young direction after
the treatment, with 1,041 (75.0% of the reversed set) belonging to the age-up inflammation
module. Conversely, only 8.3% moved further in the aging direction, and the remainder were
unchanged, a distribution that is extremely unlikely by chance (binomial test p < 10-100). This
confirms at the level of our own gene calls that partial reprogramming broadly resets the aging
transcriptome rather than acting on a narrow target set. We then asked whether genes that are
reversibly regulated by OSKM in the mouse are the same genes that are constitutively age-stable
in resilient species. Orthologs of the 1,389 reprogramming-reversed genes were significantly
enriched among age-stable genes in the naked mole rat (38% age-stable versus 26% expected
from genome-wide baseline, hypergeometric p = 4.6 x 10-14), in the bowhead whale (34% versus
24%, p = 1.9 x 10-9) and in the axolotl (29% versus 22%, p = 8.3 x 10-6), but not in Hydra (12%
versus 11%, p = 0.21). Notably, the enrichment was driven almost entirely by the inflammation
module: 89% of the module genes that OSKM reversed in mouse were age-stable in the naked
mole rat, whereas non-module genes showed no enrichment. The implication is that the same
regulatory axis that is actively reset by experimental reprogramming in a vulnerable species is
constitutively held at a young set point in resilient species, which supports the idea that partial
reprogramming reactivates latent homeostatic programs rather than creating entirely novel
states. The reversal was nonetheless incomplete: the mean expression of reversed genes after
seven weeks of treatment reached 76% of the young set point, indicating that cyclic OSKM
restores most, but not all, of the youthful level, and that repeated induction cycles may be
required for full restoration.

3.5 Regeneration-associated proliferative capacity

The axolotl regenerates amputated limbs through a proliferative blastema, and we asked whether
regeneration-associated expression contributes to the resilience of intact tissues and whether
comparable proliferative programs are constitutively active in other species. In the axolotl, 1,243
genes were up-regulated and 966 down-regulated in the 7-day blastema relative to intact limb
muscle (FDR < 0.05). Of the up-regulated genes, 438 (35.2%) were also up-regulated in the E14.5
mouse limb bud program, far exceeding chance expectation (hypergeometric p < 10-45), in line
with earlier evidence that blastema formation reactivates developmental programs (Voss et al.,
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2015; Knapp et al., 2013). Marker genes of proliferating progenitors, including Mki67, PCNA and
several histone genes, ranked among the most highly induced transcripts, and single-cell analysis
of the blastema identified a convergent progenitor population expressing both mesenchymal and
epidermal programs, consistent with published trajectories (Gerber et al., 2018; Leigh et al., 2018).
We then scored the blastema signature in intact tissues of all species. The proliferative program
was nearly absent from adult mouse and killifish intact tissues and, strikingly, decreased with age
in killifish skin (-2.3-fold for the module eigengene). In the naked mole rat, basal keratinocytes
and dermal fibroblasts expressed the signature at levels 2.1-fold higher than in age-matched
mouse skin (FDR < 0.05), although far below axolotl blastema levels. In Hydra, the interstitial stem
cell compartment, whose maintenance requires FoxO signaling (Boehm et al.,, 2012), drives
constitutive expression of the proliferative program in the absence of any injury, and the module
eigengene was the highest of any tissue measured in this study. The cross-species ordering of
proliferative capacity (Hydra greater than axolotl blastema greater than naked mole rat greater
than axolotl intact greater than bowhead whale approximately mouse approximately killifish)
correlated strongly with the proliferative pillar of the rejuvenation capacity index described below
(r = 0.93), indicating that regenerative and homeostatic renewal are supported by overlapping
molecular programs.

3.6 Genome maintenance and DNA repair capacity

Because genome maintenance is a candidate mediator of longevity and cancer resistance in long-
lived mammals (Keane et al., 2015; Firsanov et al., 2025), we scored a curated set of 89 DNA repair
genes, covering base excision repair, nucleotide excision repair, homologous recombination and
non-homologous end joining, using a single mean z-score per species per tissue. The repair index
was highest in the bowhead whale (1.42, 95% Cl 1.21-1.63), followed by Hydra (1.22), the axolotl
(1.18) and the naked mole rat (1.31, Cl 1.09-1.52), and lowest in the killifish (0.91) and mouse
(0.86). The mouse value declined with age, with 29 repair genes significantly down-regulated in
old liver, including Erccl and Xrcc5; by contrast, 61 repair genes were significantly up-regulated in
old bowhead whale liver, 44 in the naked mole rat and 58 in the 7-day axolotl blastema, and none
declined with age in either long-lived mammal or in Hydra. Cold-inducible RNA-binding protein
(CIRBP), recently implicated in DNA double-strand break repair in the bowhead whale (Firsanov et
al., 2025), was among the most strongly age-elevated transcripts in that species (log2 fold change
1.8 in liver). Consistent with these expression patterns, both long-lived mammals showed
constitutive maintenance of the repair module across all four tissues rather than induction in any
single organ, arguing for a systemic rather than tissue-specific mechanism. It is worth noting that
naked mole rat induced pluripotent stem cells derived from fibroblasts retained high expression
of repair genes relative to mouse iPSCs (Lee et al., 2017), suggesting that the transcriptional repair
program is cell-intrinsic and survives reprogramming. Telomere maintenance transcripts (Tert,
Terc and shelterin components) likewise showed no age-related decline in any of the four resilient
species but fell 2.1-fold with age in mouse liver (FDR < 0.01), consistent with constitutive
telomerase activity in long-lived lines.

3.7 Stress response, proteostasis and the senescence-associated secretory phenotype

Gene set enrichment analysis of the Hallmark collection confirmed and extended the module-level
results. The inflammatory response was the most strongly age-enriched pathway in mouse
(normalized enrichment score 2.41, FDR 1.0 x 10-7) and killifish (2.26, FDR 3.2 x 10-6), modestly
enriched in the axolotl (1.17, FDR 0.03, driven largely by skin), and not enriched in the naked mole
rat (0.31, n.s.), bowhead whale (0.24, n.s.) or Hydra (-0.09, n.s.). Oxidative phosphorylation was
depleted with age in mouse (-2.63) and killifish (-=2.42) and, more mildly, in the axolot| (-1.10),
while remaining stable in the naked mole rat (-0.28) and bowhead whale (-0.52), consistent with
the mitochondrial module analysis. FoxO target genes, which sustain stem-cell compartments in
Hydra (Boehm et al., 2012), showed a constitutively high baseline in both Hydra (1.89) and the
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naked mole rat (1.31) with no age-related decline, whereas the same set declined with age in
mouse (-1.24). Autophagy and unfolded protein response pathways were mildly induced with age
in mouse and killifish but unchanged in the four resilient species. We also examined canonical
senescence-associated secretory phenotype factors directly, including TNF, IL6, CXCL8 orthologs
and MMP3: their expression increased 2.8-fold with age in mouse liver and 2.5-fold in killifish liver,
increased 1.8-fold in axolotl skin (the tissue with the strongest aging signal in that species), and
did not change in the naked mole rat (1.06-fold), bowhead whale (1.09-fold) or Hydra (0.98-fold).
This pattern is consistent with the model in which senescent cells and their secretory phenotype
propagate inflammatory aging across tissues (Wang et al., 2024), and with the view that resilient
species either avoid senescence or fail to propagate its signals.

3.8 Epigenetic clocks and methylation drift

To test whether transcriptional resilience is mirrored at the epigenetic level, we applied the pan-
mammalian DNA methylation clock (Lu et al., 2023) to reduced-representation bisulfite
sequencing data from liver. Clock-predicted age correlated strongly with chronological age in all
five aging species (mouse r = 0.96, killifish r = 0.95, bowhead whale r = 0.93, naked mole rat r =
0.91, axolotl r = 0.88), indicating that the pan-mammalian clock is portable to these divergent
genomes at least as a relative measure. Age acceleration, defined as the deviation of predicted
from chronological age in the oldest group and expressed as a percentage of lifespan, was positive
in mouse (+11.6%) and killifish (+7.4%), near zero in the naked mole rat (+1.8%) and bowhead
whale (+0.6%), and slightly negative in the axolotl (-2.9%), a deviation driven by liver rather than
by the regenerating limb. Annualized epigenetic drift, the mean absolute change in methylation
beta per year at age-associated CpGs, ordered species even more sharply: killifish 0.91, mouse
0.12, axolotl 0.09, naked mole rat 0.03, bowhead whale 0.01. In Hydra, 119 of the 147 clock CpGs
could be mapped, and none changed between the 3-month and 24-month clonal lines (median
delta-beta 0.4%, maximum 4.1%, all p > 0.2 after multiple-testing correction), providing epigenetic
evidence consistent with the absence of demographic aging in this species. The decoupling of drift
per year from body size and phylogeny was notable: the naked mole rat and the bowhead whale,
separated by roughly 90 million years of evolution and three orders of magnitude in body mass,
achieved similar near-zero annualized drift, whereas the similarly small killifish and mouse drifted
twelve to ninety times faster per year.

3.9 Cell identity stability at single-cell resolution

Bulk transcriptomes can conceal opposing changes in different cell types, so we reanalyzed
published single-cell data for skin, where stem-cell maintenance and immune infiltration are
jointly visible. In naked mole rat skin we recovered 42,118 cells forming 19 transcriptionally
defined cell types, matching the original annotation (Savina et al., 2022), and computed the cosine
similarity between young and old centroid expression vectors for each cell type. The mean identity
stability index was 0.93 (95% Cl 0.91-0.95), and the proportions of immune cells increased only
marginally with age (+9%, n.s.). In mouse skin, reanalyzed from the Tabula Muris Senis atlas
(Tabula Muris Consortium, 2020), the equivalent index was 0.71 (0.68—0.74), with immune cell
fractions expanding by 118% between 3 and 24 months (6.1% to 13.3% of all cells). The killifish
skin atlas (Teefy et al., 2023) gave an index of 0.66 (0.62—0.69) with an 89% expansion of immune
populations. These values recapitulate, at cellular resolution, the bulk-level classification of high-
and low-drift species, and they indicate that in the naked mole rat both transcriptional states and
cell-type composition remain near their young configuration, whereas in mouse and killifish aging
erodes cell identity and is accompanied by immune remodeling. In the axolotl, the blastema
trajectory analysis showed that distinct differentiated cells converge on a shared progenitor state
by 14 days post-amputation, consistent with published findings (Gerber et al., 2018; Leigh et al,,
2018), and a mitochondrial gene program marks a subpopulation enriched during the proliferative
phase (Qin et al., 2021). Thus, in the axolotl, cell identity is actively destabilized in a controlled
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manner to enable replacement, a strategy that is conceptually the opposite of the passive stability
of the naked mole rat yet achieves a similar endpoint of preserved tissue function.

3.10 A composite rejuvenation capacity index

To integrate these heterogeneous measurements, we constructed a rejuvenation capacity index
from seven pillars, each representing the rank of each species on a 0—1 scale, weighted by the first
principal component of the pillar matrix (which explained 74% of the cross-species variance). The
final scores were: Hydra 0.94, axolotl 0.79, bowhead whale 0.63, naked mole rat 0.58, mouse 0.30
and killifish 0.19. The ranking was stable under leave-one-out removal of any single pillar (Kendall's
W =0.92, p<0.01), and no single pillar was individually responsible for the position of any species:
Hydra scored highest on proliferative renewal and epigenetic stability, the axolotl on proliferative
renewal and DNA repair, the bowhead whale on DNA repair and transcriptional stability, and the
naked mole rat on transcriptional stability and stem-cell maintenance. The index correlated
strongly with log10-transformed maximum lifespan across the six species (r =0.89, p = 0.017) but
not with body mass (r = 0.21, p = 0.71), supporting the interpretation that longevity in these
species reflects molecular capacity rather than simple scaling. The correlation with lifespan
remained significant after removal of the two longest-lived species (r = 0.86, p = 0.06, marginal),
and the two high-drift species clustered at the bottom of the distribution despite their very
different lifespans, confirming that aging rate and lifespan are separable axes in this dataset.
Finally, the index ordering was recapitulated by the unweighted mean of the seven pillars,
indicating that the weighting scheme did not impose the result. We regard the index as a
descriptive summary rather than a predictive model, but it provides a quantitative scaffold for the
comparative comparisons that follow.

4. Discussion

Our results provide a quantitative, ortholog-based comparison of aging and rejuvenation
programs across six species and identify several principles that were not visible in single-species
studies. First, transcriptional aging intensity and lifespan are at least partly decoupled. The killifish
drifts as strongly as the mouse despite living two orders of magnitude shorter, and the bowhead
whale and the naked mole rat both maintain youthful transcriptomes into late life despite an eight-
fold difference in lifespan between them. This decoupling argues that aging rate is not merely
lifespan compressed or expanded into a linear scale, and it is consistent with the emerging
comparative view that longevity and the pace of age-related decline are regulated through distinct
mechanisms (Rechsteiner et al., 2025). Second, the aging transcriptome of vulnerable species is
organized around a surprisingly small number of axes: an inflammation-extracellular matrix
module that rises with age and a mitochondrial-proteostasis module that falls. Both are conserved
in orthologous form across the killifish, suggesting that this core program predates the divergence
of teleosts and mammals, and both are held at young set points in the naked mole rat, the
bowhead whale, the axolotl and Hydra. The near-complete stability of these modules in resilient
species, rather than the appearance of novel protective programs, is a striking observation: low-
drift species do not age differently, they fail to execute the aging program.

Third, we found that the targets of experimentally induced rejuvenation overlap strongly with
constitutive resilience. Reanalysis of cyclic OSKM data showed that 64.7% of mouse liver aging
genes are reversed by seven weeks of partial reprogramming (Ocampo et al., 2016), and the
orthologs of these reversed genes are precisely the ones that are age-stable in the naked mole
rat, the bowhead whale and, to a lesser extent, the axolotl. The enrichment was confined to the
inflammation module, implying that partial reprogramming acts on the same regulatory axis that
resilient species control constitutively (Simpson et al.,, 2021; Puri & Wagner, 2023; Yicel &
Gladyshev, 2024). This supports the interpretation that at least some of the effects of
reprogramming are not creation of new states but reactivation of latent, evolutionarily conserved
homeostatic programs, and it provides a molecular rationale for why partial reprogramming works
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at all: it is asking the genome to do something that other genomes do without intervention
(Cipriano et al., 2024).

A fourth principle concerns the diversity of strategies that converge on resilience. The naked mole
rat achieves stability largely through homeostatic maintenance of differentiated states, with
preserved splicing regulation (Lee et al., 2020), age-stable stem-cell compartments (Savina et al.,
2022) and a near-constant immune composition; its strategy is one of passive, constitutive
robustness. The bowhead whale achieves comparable stability with emphasis on genome
maintenance, consistent with the exceptional DNA repair capacity reported in its cells (Firsanov et
al., 2025) and with genomic signatures of cell-cycle and repair adaptation (Keane et al., 2015; Seim
et al., 2014). The axolotl combines moderate maintenance with a powerful active-replacement
strategy: a controlled, injury-triggered destabilization of cell identity that enables regeneration
(Gerber et al., 2018; Leigh et al., 2018), driven by programs shared with embryonic development
(Voss et al., 2015; Knapp et al., 2013). Hydra represents the extreme of constitutive renewal, in
which a continuously cycling stem-cell population makes chronological aging essentially irrelevant
(Chapman et al.,, 2010; Boehm et al., 2012; Sun et al.,, 2020). These strategies are not
interchangeable: they load onto different pillars of the rejuvenation capacity index, and the index
suggests that multiple combinations of stability, repair and renewal can yield comparable
resilience scores.

The most immediate translational implication concerns the inflammation module. If divergence in
rejuvenation capacity is mediated by a limited set of conserved modules, the same modules are
the most rational targets for intervention in species that age more rapidly, including humans. The
inflammatory axis is already implicated in age-related disease burden across tissues (Wang et al.,
2024), and the concentration of OSKM-responsive genes within this module suggests that
interventions that lower the age set point of systemic inflammation may capture part of the
reprogramming effect without the risks of transcription-factor delivery. Conversely, the
mitochondrial module points to energetic homeostasis as a parallel axis. We stress that the
rejuvenation capacity index is descriptive; causal testing of individual pillars, for example by
genetic perturbation in the axolotl or by heterochronic transplantation in rodents (Conboy et al.,
2005), is the logical next step.

The relationship between our findings and the epigenetic clock literature is worth emphasizing.
The pan-mammalian clock (Lu et al., 2023) and, originally, the human multi-tissue clock (Horvath,
2013) were developed as age predictors, but our data support their use as aging-rate measures in
comparative settings: annualized drift separated species more cleanly than age acceleration at a
single time point, and both separated resilient from vulnerable species in the same direction as
the transcriptomic drift index. The slightly negative age acceleration of the axolotl liver is intriguing
and should be interpreted cautiously pending data from more individuals; it may reflect either
imperfect orthology of clock CpGs in amphibians or a genuinely slow epigenetic aging rate. The
observation that systemic factors can rejuvenate aged tissue in mammals (Conboy et al., 2005)
and that resilient species maintain youthful circulating environments may be related through the
same inflammation axis, but our tissue-level data cannot resolve the direction of causality.
Several limitations should be acknowledged. The study is cross-sectional, and longitudinal
transcriptomic data, particularly for the long-lived species, would strengthen the age associations.
Bowhead whale ages are estimates with substantial error, which attenuates correlations and likely
underestimates the stability of that species. Hydra was necessarily sampled as whole-organism
pools, and our propagation-time contrast is not a perfect proxy for aging; nevertheless, the
complete absence of clock CpG change across 150 generations is hard to reconcile with any
conventional aging process. Sex was not balanced in all comparisons, and given the strong sex-
dimorphic aging signatures documented in the killifish (Teefy et al., 2023), future work should
stratify by sex. Wild and laboratory environments differ: killifish aging under laboratory conditions
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differs in detail from that of wild specimens (Mazzetto et al., 2022), and our results capture the
laboratory manifestation of aging for most species. The reliance on strict single-copy orthologs,
while conservative, excludes fast-evolving and recently duplicated genes that may carry species-
specific aging functions, and de novo transcriptome evidence from the axolotl and other
unsequenced systems suggests that lineage-specific genes contribute to regeneration (Stewart et
al., 2013; Wu et al., 2013). Finally, the single-cell reanalyses used datasets generated on different
platforms and ages, which could bias the identity stability index, although the consistency of the
immune-expansion results with bulk deconvolution reduces this concern.

5. Conclusions

We conclude that rejuvenation capacity is a measurable, modular property of animal genomes
that is partially independent of lifespan. Transcriptional stability, suppression of the conserved
inflammatory aging module, DNA repair, proliferative renewal and epigenetic stability together
distinguish resilient from vulnerable species, and the targets of experimentally induced
rejuvenation in the mouse overlap significantly with the constitutively stable programs of resilient
species. These findings suggest that interventions aimed at maintaining or restoring the young set
point of the inflammation module, rather than targeting individual genes, may recapitulate a state
that evolution has already achieved in long-lived and non-aging lineages. The framework
developed here, with its explicit orthology mapping and composite index, offers a basis for
prioritizing candidate mechanisms for experimental testing, and for asking which aspects of the
resilient phenotype are transferable between species.
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Abstract: The paper discusses the design, operating principle, and functional capabilities
of an angular oscillatory single-stroke electromagnetic vibratory motor controlled by a
semiconductor element. The vibratory motor consists of a salient-pole stator and an armature
with an equal number of uniformly distributed poles. Alternating current windings are placed on
the stator poles and connected either in series or in parallel. A semiconductor element is
connected between one terminal of the winding and the power supply source, ensuring current
flow only during one half-cycle.
The developed design ensures the simultaneous participation of all pole pairs in torque
generation, reduces shaft radial oscillations and undesirable leakage magnetic fluxes, simplifies
the manufacturing process, and improves the energy, mechanical, and operational characteristics
of the vibratory motor.
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Electromagnetic vibratory motors are widely used in various technological, transport,
measuring, and industrial devices where periodic oscillatory motion is required. Such devices are
particularly effective when large angular displacements at industrial frequency are needed.

Various designs of electromagnetic vibratory motors are known; however, a significant
number of them are characterized by insufficient energy efficiency, complex manufacturing
structure, and undesirable dynamic characteristics. In particular, in the known electromagnetic
vibratory motors only a portion of the pole pairs operates during each half-cycle of the supply
voltage, which reduces the utilization factor of the electromagnetic system. In addition, shaft
radial oscillations and leakage magnetic fluxes occur, while the stator structure requires additional
nonmagnetic slots, thereby complicating the manufacturing technology.

To eliminate the above-mentioned drawbacks, an angular oscillatory single-stroke
electromagnetic vibratory motor with a semiconductor element [1] and a simple design is
proposed, providing high reliability and improved energy performance characteristics.

The magnetic core structure of the electromagnetic vibratory motor is designed in the
form of a salient-pole stator, whose yoke constitutes a continuous magnetic core, and an armature
with an equal number of uniformly distributed poles. The poles are displaced relative to each other
so that, in the initial position, the overlap area of the working surfaces of the stator and armature
poles ranges from 0 to 20%.

Specifically, the angular oscillatory single-stroke electromagnetic vibratory motor (Fig. 1,
Fig. 2) consists of a salient-pole stator 1 and an armature 2 with an equal number of uniformly
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distributed poles, the number of which may be 2, 4, 8, etc. The stator poles 1-1 and 1-2 are
equipped with identical coils 3-1 and 3-2 of an alternating current winding, connected either in
series (Fig. 1) orin parallel (Fig. 2). A semiconductor element 4 is connected between one terminal
of the winding and the AC terminal 5-1, while the second terminal of the winding is connected to
the AC terminal 5-2.

One side of the lever 6 is positioned between the springs 7-1 and 7-2 of the elastic system,
while its other side is connected via a key 8 to the shaft 9, on which the armature 2 is mounted.
The stator is housed in a casing 10, which is rigidly fixed to the base 11.

The angular oscillatory single-stroke electromagnetic vibratory motor (Fig. 1, Fig. 2)
operates as follows: when terminals 5-1 and 5-2 are connected to the AC power supply, during
one of the half-cycles, current flows through coils 3-1 and 3-2 of the winding via the semiconductor
element 4.

N N

Fig. 1 Angular oscillatory single-stroke electromagnetic vibratory motor with a semiconductor
element (with identical coils of the AC winding connected in parallel).

At this moment, a magnetic flux @ is established in the magnetic circuit and follows a path
through stator pole 1-1, armature poles 2-1 and 2-2, stator pole 1-2, and the stator yoke. As a
result, stator poles 1-1 and 1-2 simultaneously exert equal attractive forces on armature poles 2-
1 and 2-2, respectively. Consequently, the armature moves in the clockwise direction. During this
motion, spring 7-1 is stretched, while spring 7-2 is compressed.
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During the next half-cycle, the semiconductor element does not conduct current, and the
armature returns to its initial position with the aid of springs 7-1 and 7-2. As a result, the armature
moves in the counterclockwise direction

Based on the above, during one half-cycle of the supply network, all pole pairs are active,
and the armature moves and develops force in the clockwise direction. During the other half-cycle,
the armature returns to its initial position with the aid of the springs, moving in the
counterclockwise direction, and so on. Thus, angular oscillatory motion of the armature occurs.
The oscillation frequency of the armature is equal to the frequency of the alternating supply
current.

E X
Fig. 2 Angular oscillatory single-stroke electromagnetic vibratory motor with a semiconductor
element (with identical coils of the AC winding connected in series).

The operating principle of the electromagnetic vibratory motor is clearly illustrated by the
time-domain graphs shown in Fig. 3, representing the supply alternating voltage (a), current (b),
magnetic flux (c), and electromagnetic torque (d). From these diagrams it can be seen that a
sinusoidal voltage u(t) is applied to the winding (Fig. 3a). Due to the inductive nature of the winding
(and assuming its ohmic resistance is negligible), current i(t) flows only during the conduction
interval of the cycle, corresponding to one half-cycle of the supply voltage (Fig. 3b) [2].

During this same interval, a magnetic flux @ is generated in the magnetic circuit (Fig. 3c)
[3], and an electromagnetic torque M is produced (Fig. 3d) [4]. As a result, the stator poles attract
the armature poles, and the armature moves in the clockwise direction.
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Fig. 3 Time variation of the vibratory motor supply voltage (a), current (b), magnetic flux (c), and
electromagnetic torque (d).

During the non-conducting half-cycle, when the semiconductor element blocks current
flow, the electromagnetic force disappears, and the armature returns to its initial position under
the action of the springs, moving in the counterclockwise direction

Thus, the proposed angular oscillatory single-stroke electromagnetic vibratory motor with
a semiconductor element performs angular oscillatory motion and develops force in one direction
of oscillation. All pole pairs simultaneously participate in torque generation. There are no radial
oscillations of the shaft or undesirable magnetic flux leakages. The manufacturing process is
simplified. The initial 0-20% overlap of the pole working surfaces ensures a sufficient initial
magnetic attraction force between the poles and a significant variation of overlap during the
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angular displacement of the armature, resulting in an increased electromagnetic torque and stable
angular oscillatory motion. Consequently, improved energy, mechanical, and operational
performance characteristics are achieved.
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RYPILL KAYbI3bIHbIH RYJIIH BETOH
KYPAMbIHOA KOJTIAARY EPERLUE/TIKTEPI

ApbictaHbeK A.B.

KopkbIT ATa aTbiHAafbl KbI3blnopaa YHUBEPCUTETI,AOKTOPAHT
Yoepbaes C.C.

KopKbIT ATa aTbiHAaFbl Kbi3bliopAa yHMBEPCUTETI, T.F.4., npodeccop

AHaaTna. Makanaga Kypilw eHAipiciHeH WblFaTblH KanAblKTapAblH, Oipi - KypilW Kaybl3bl }KaHe OHb!
YKafy HOTUMXKECIHE aNblHATbIH KYPill Kaybl3blHbIH KyAiH OETOH eHAipiciHAe KONAaHY MYMKIHAIKTepI
KapacTbipbinabl. Kypill Kaybl3blHbiH, KyAi KYpambliHOAaFbl KPEMHWI AWMOKCUAIHIH, KYWi Kafy
TemMnepaTypacbiHa, Kafy Y3aKTbIFblHA XaHe KeliHri eHaey TaciniHe 6annaHbICTbl eKeHi KepceTinai.
TemnepaTypa AypbiC TaHAaAfaHAa Ky/a KypambiHaa 6enceHai amopdTbl KPemMHWI AMOKCUA
Ty3ineni. On UeMeHTTIH KaTatobl KesiHae naiga 60n1aTbiH KaibUUM TMAPOKCUAIMEH BpeKeTTecin,
H6ETOH KYPbIIbIMbIH ThbIFbI3AAUTbIH KOCbIMLIA KOCbIAbICTAp Ty3edi. Kypill Kaybi3biHbIH, Ky/iH
YHTaKTay, anAblH ana KbllWKbIAMEH 6HAey *KaHe uemeHTneH b6ipre 6enceHaipy Tacinaepi
TangaHAabl. COHbIMEeH KaTap KyAn4iH 6eTOH KOCMacbiHbIH KO3FaNfbllUTbIFbIHA, CblFy Ke3iHAeri
HepiKTiriHe, cy CiHiprilTiriHe skaHe asa3fa Te3imainiriHe acepi TyciHAipingi. Taxipnbenik 3eptrey
HaTUKenepi BoMbIHIIA Kypill Kaybi3blHbIH KyJi MeH MyHal LWnambl bipre KonaaHbinFaH H6eToH
KYPaMaapblHbiH, 7 »aHe 28 TaynikTeri OepikTiri canbicTbipblAgbl. 3epTTey HaTuxKenepi Kypil
Kaybl3blHbIH, KY/iH BETOH KypamblHA@ TMiIMAI NalganaHy YiiH OHbIH, canacbliH, Me/LWepiH KaHe
Kocnadarbl backa KOMMNOHEHTTEPMEH YIECIMAINITIH €CKepY KaXKeT eKeHiH KOpCeTTi.

TyMiH ce3aep: Kypill Kaybi3bl, KyPill Kaybl3blHbIH, KY/i, KOEMHWI AMOKCKAI, BETOH, MUHEPaNabIK,
Kocna, 6epiKTiK, as3fa Te3iMAiINIK, BHAIPICTIK KanablK.

Kipicne

Kasipri kesge Tabufn pecypcTapdbl YHEMAEY »KoHE 6HAIpIiC KandblKTapblH KalTa
nanaanaHy KypblabliC mMaTepuangapbl canacblHAafbl MaHbl3Abl MiHAETTepAiH OipiHe alHanabl.
LleMeHT eHAipyre Ken me lepae WWKi3aT NeH aHeprma »kymcanaabl. COHAbIKTAH LEMEHTTIH Oip
beniriH Taburn Hemece TeXHOreHAIK TeKTi BenceHai MMHepandplk KocnanapmMeH aamMacTbipyfa
HarbITTanfaH 3epTTeynepaiH, MaHbi3bl apTbin Kenedi. OcbiHAAM MaTepuangapabiH, 6ipi - Kypiw
KaybI3bIHbIH, KYi.

Kypilw Kaybi3bl Kypill A9HIH eHAey Ke3iHae OeniHeTiH aybln Wapyallblibifbl Kaaablfbl
6onbin Tabbinagbl. OHbIH, KenemMi eHAipiAreH Kypilw meswepiHe Tikenel HannaHbiCTbl. Kypil
Kaybl3blHbIH, TbIfbl3blfbl TOMEH, KONEMI YAKEH XaHe Tabufn Kargaga 6asay biabipanabl. Con
cebenTi OHbl CakTay MeH TacbiManday KOCbIMLIA LWbIFbIHABI KaxkeT eTedi. Kelbip almakTapaa
Kaybl3 allbIK »Kepae epTeneni Hemece apHalbl NOAMIOHAAP+Fa WhiFapblnagsl. MyHaan Tacinaep
ayaHblH fnacTaHyblHa, ycak Kya OesilleKTepiHiH TapanyblHa KOHe Kep aymarblHblH, TUIMCI3
NanaanaHblyblHa aKeeai.

Kypill Kaybi3bl TeK KandblK €MeC, KypamblHAa OpraHuKanblk 3aTTap MeEH KPeMHMUI
KOCblNbICTapbl 6ap Oafanbl WwukizaT. OHbl 6GaKblnaHaTblH KaFfdalda Kafy apKblabl XKblay
SHEPIUACbIH KaHEe KPeMHUI AuokcuaiHe 6al kyn anyfa 6onagbl. ANbIHFAH Ky KYPbiabIC
MaTepuanaapbl, KepamuKka, copbeHTTep, CyMblK LWbIHbI XaHe 6acka Aa KpeMHWIAI eHimaep
eHAipiciHAe KOMAaHbINYbl MYMKIH [3 -6]. beToH eHAipiciHAe KyA4iH Heri3ri KyHAblabiFbl -
KypamblHAafbl HenceHai KpeMHUI AMOKCUAIHIH LEMEHTTIH, KaTato NPoLEeCiHe KaTbICybl.
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Ocbl *KYMbICTbIH, MaKCaTbl - Kypill KaybI3blHbIH, KYiH any »KaHe AalblHAaY KafaannapbiH,
OHbIH XMMUANbLIK KypamblH, 6eTOH Kocnacbkl MeH KaTaifaH B6eToH KacueTTepiHe acepiH Tanaay,
COHAaM-aK, XKyprisinreH Taxipnbenik 3epTreynepaiH, HaTUXKEeNepiH KepceTy.

1. Kypiw eHAipici }aHe Kypil KaybI3blHbIH, Ty3iayi

Kypilw anemae KeH TapanfaH Herisri AsHAi AakplngapasiH, 6ipi. OHbIH, 6ackim Beniri A3us
enaepiHae eHaipineni. ConbimeH bipre AKLL, Bpasnnus keHe bipkaTap Eypona engepiHae ae
Kypill eHAaipici gamblfaH. Kypiw AsHIH eHaey 6apbiCbiHAA OHbIH, ChIPTKbl KaTTbl Kabblfbl 6eniHin
WbIfaabl. 94ebuneT gepekTepiHae Kaybi3 meslepi 6acTanKkbl Kypill MmaccacbiHbiH WamameH 20 %-
blHa AeniH eTeTiHi kKepceTineni [1]. Kaybi3abl *kakKaHaa OHbIH MaccacbliHbliH opTa ecenneH 15 -20
%-bl Kyn TypiHAe Kanaabl. byn KepceTKilw Kypilw COpPTbiHA, ©CIpireH TOMbIPaKKa, *KUHAY KaHe
eHAeY KaraannapbiHa OanNaHbICTbl ©3repyi MyMKiH.

KasaKkcTaHaasbl Kypill eHAipiciHiH, Herisri 6eniri Kbi3bliopaa ob/biCbiHAa OpHaacKaH.
CoHAbIKTaH OCbl ©HipAe Kypill Kaybi3blH TUMIMAI NaaanaHy MICeNeci epeKklle MaHbi3fa wue.
Kaybl3abl TEK OTbIH PETiHAE Kafy MacesieHi TOMbIK Welwnenai, cebebi xaryaaH KeriH kKya nanga
6onaabl. Erep anbiHFaH KyAAdiH, canacbl HakblnaHbaca, on KanTafaH KMHaNaTblH KanablKKa
anHanaabl. An TemnepaTtypa meH aya bepy TopTibi peTTenin, Kya KeliHHeH KakeTTi gspexkene
YHTaKTanca, oHbl 6ETOHFa apHanfaH MUHEPaNZbIK KOCna peTiHAe KoNAaHyFa MyMKIHAIK Tyadbl.

Kypil KaybI3blHbIH XMUMUANBIK }KaHe GU3NKANbIK KacneTTepi TypaKTbl emec. OHbIH KypaMbl
KYpiLl ecCipinreH »xepaiH TonbipafrbiHa, ThIHANTKbIWTaPFa, KAMMATKA KaHe eHJey TaciniHe Tayena,.
CoHAbIKTaH bip Kepae anblHFaH HaTUXKEHi BacKka alMMaKTbIH, KyJiHe e3repicci3 KonaaHy Aaypbic
emec. Kynai 6etoHfa Kocnac OypblH OHbIH XMMUAMbIK KypaMblH, Kyhaipy KesiHaeri macca
YKOFANYbIH, YHTAKTbI/bIK A3PEMKECIH KaHE KPEMHUIA ANOKCUAHIH, KYMiH aHbIKTAy KaXKeT.

2. Kypiw KaybI3bIHbIH Kypambl

Kypill KaybI3bIHbIH, KypamblHa blJfaa, OPraHMKaAblK 3aTTap, TajAWbIKTap, akybl3 »KaHe
MUHepanablk 6enik Kipeai. OpraHuKanbik, 6eAiri HerisiHeH Len t0/103a, reMULEN/I0I03a KaHe
NUTHUHHEH Typadbl. MuHepanablk, 6enikte KpemHui AmMokcuai Hackim. bactankbl makanaga
KeNTipiNreH Kypill Kaybl3blHbIH OpTalla XMMUANbIK Kypambl 1-kecTeae bepingi.

Kecte 1 - Kypil KaybI3blHbIH XMMUANBIK, KYpambl

KepceTkiL Maccanblk, yneci, %
blafan menwepi 8,47 -11,00
Kyn 15,68 -18,59
LLwnKi akybI3 2,94 -3,62
ddnpae epuTiH SKCTPaKT 0,82-1,20
LUWKi TanwbIk, 19,05 -42,90
SiO, 18,17

KecTegeri MaHAEpP Kypill Kaybl3blHbIH, OPraHMKaNbIK KaHe MUHepandblK WWKI3aT peTiHae
Hip yakblTTa KapacTbipblNaTbiHbIH KepceTedi. Kaybl3dbl Kafy Ke3iHAe opraHuWKanblK 3aTTap
blAblpan, KeMIPKbILWKbIA ra3bl, cy Oybl XXaHe Backa ras Tapisai eHimaep beniHeai. MuHepanapik,
KOMMOHEHTTep Kynae Kanadbl. Con cebenti kyngeri SiO, menwepi 6acTankbl Kaybl3aafbl
MeslepaeH aaeKkanaa Kofapbl 60naabl XKaHe cananbl KyA4e 0N HEri3ri KOMMNOHEHTKe altHanaapl.

Kyn kypambliHaa SiO,-aeH 6acka Kanun, KanbUuii, MarHuim, TeMip, antoM1MHUI KaHe Backa
aNeMeHTTepaiH, okcuaTepi 6onybl MyMKiH. OnapblH, Melepi aaeTTe KPEMHUIM ANOKCUAIMEH
canbiCTblpfaHAa a3 OonfaHbIMEH, KyA4iH LEeMEHTNeH SpeKeTTecyiHe »KaHe caKTay KesiHAageri
TYPaKTbIbIFbIHA bIKNAN eTyi biIkTMMman. Kynge xaHba KanfaH KemipTek Ken 60sca, OHbIH, TYCi
Kapasazbl XaHe Cy MeH XMMUANbIK Kocnanapasl CiHipyi apTagbl. byn 6eTOH KOCnacbiHbIH, KaKeTTi
KO3FaNFbILWTbIFbIH anyAbl KMbIHAATaAbI.
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3. Kypilw KaybI3blHbIH, KY/iH any epeklienikTepi

3.1 XKary TeMmnepaTtypacblHblH, 3Cepi

Kypill KaybI3blHbIH, KY/iHiH canacbiH aHbIKTaWTbIH Heri3ri daktopnapabiH 6ipi - »Kafy
TemnepaTypackl. KpeMHWI ANOKCUAI aMOPPThI KaHE KPpUCTaNAbIK Kyae 601ybl MyMKiH. AMOPTbI
KYMAOEri KPEMHUIM ANOKCUAiHIH, KYPbIbIMbI PETCI3 OONFaHAbIKTAH, 011 LEMEHTTIH KaTato opTacbiHAa
benceHaipek apekeTTecesi. Kpuctanablk KPEMHUN ANOKCUAIHIH KYPbINbIMbl TYPAKTbl }KaHE OHbIH,
peaKkuusFa Tycy KabineTi TemeH.

JepekTepae Kypiw Kaybi3biH wamameH 500 -700 °C apanbifbiHAa 6aKbliaHaTbIH KaFaanaa
Kafy benceHai amopdTbl KpEMHUIA AMOKCUAHE Balt Kya anyFa MyMKIHAIK BepeTiHi kepceTinreH (3,
4, 9]. TemnepaTypa TbiM TomeH 00AbIN, aya »KEeTKifikci3 bepince, opraHuKanbik 6enik TONbIK
»aHbanabl. MyHaan Kynae KemipTeK Ken Kasblin, OHbIH canackl TomeHaenai. An temnepatypa 800
-850 °C-TaH »0fapbl KeTepinin, MmaTepunas y3ak yakblT Kbi3ablpblaca, amopdTbl KPEMHUN ANOKCUAI
BipTiHAEN KpUCTanaplK Kynre aybicybl MyMKiH. COHAbIKTAH TeK TemnepaTypaHbl eMec, Kafy
YaKbITbIH, aya MEALLEPiH XaHe CaNKbIHAATY KblAAaMAbIFbIH Aa 6aKblaay KaxeT.

OHepKacin »afaanbliHaa Kypill Kaybl3bl 9pTYPAi NelwTepae *Kafblnaapl. Kapananbim allblk,
afy KesiHae Temnepatypa bipkenki 6onmanabl: 6ip 6eniri TonblK KaHbal Kasnca, ekiHwi 6eniri
apTblK Kbl3ybl MyMKiH. HaTuKeciHAe Kypambl MeH KacueTi TypaKCbi3 Kya anbiHadbl. KalHaraH
KabaTTbl Hemece aya Gepinyi peTTeneTiH newTep TemnepaTypaHbl BipKanbiNTbl ycTan, canacsl
TYPaKTbl KyA anyfa Konannbl [3]. 3epTxaHanblk Taxipnbene Gactankbl Kypill Kaybl3bl TEPMUANbIK,
eHAeyre aeniH Tabusn KoHblp TycTi 6onabl (CypeT 1). Kaybizapl 800 °C TemnepaTypasa WamameH
2 cafaT yCcTay apKbl/ibl TEPMUANBIK 6HAEY XKYPTi3inai. OHaey bapbiCbiHAA Kaybl3 KOMIPAEHTEH Kapa
TYCTi KYWMAEH aKLWbIN TYCTi MMHEpPanabIK Kanablkka aeniH esrepai (Cypet 2).
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A S
CypeT 2. Kypill Kaybl3blHbIH TEPMUANDBIK BHAEYAEH KeMiHTi CbIpTKbl KepiHici: a - 800 °C
TemnepaTypazia 2 caraT TEPMUANbBIK OHAEYAEH KENiHTi YATi; @ - TEPMUANBIK eHAey BapbiCbiHAAFbI
KeMIpAeHreH Kypil Kaybl3bl

3.2 AngblH ana eHaey XKaHe yHTaKTay

Kypilw KaybI3bl LWaHHaH, TONblpaKTaH »aHe 6acka KocnanapaH TasapTbiAfaHHaH KeWiH
KenTipineai. Kenbip TexHonornanapaa Kayblaabl Kafy anibiHAa MUHEPANAbIK KbIWKbINAbIH 9/Ci3
epiTiHAicimeH eHAey yCbiHbINaabl. MyHAAN eHaey Kanui, KanbUuii, TEMIP CUAKTbI KOCNanapablH,
6ip HeniriH KeTipin, anbiHaTbIH KPEMHUIA AMOKCUAIHIH Ta3anblfblH apTTbiPpybl MyMKiH. OZaH KeniH
Kaybl3 CYMEH Kybl/bIM, KeNTipineai *KaHe benrineHreH TemnepaTtypasa *Karblnagpl. KbilKblAMEH
BHAEY KOCbIMLLA CY MEH peareHTTi KaXKeT eTETIHAIKTEH, OHbIH TUIMAINIT ©HIMHIH MaKcaTblHa Kapal
HafanaHybl TMiC.

KafynaH keniHri KynaiH 6enwekTepi KebiHe KeyeKTi aHe apKeKki bonaabl. Kynai yHTakTay
ipi benwekTepai Mmaraanan, LeMEeHTMNEH *KaKCbl apanacyblHa Kafaal Kacaiabl. ¥Ycak benwektep
UEeMeHT TYMipWiKTepiHiH, apacbiHAafbl 60C OpblHAAPAbI TOATbIPbLIN, OETOH KYPbITbIMbIHbIH,
TbIfbI3AanyblHa biknan etedi. COHbIMEH KaTap osapAbliH 6eTi yaKeWreH calblH KpPemHUi
AMOKCUAIHIH peaKkumAaFa KaTblCy MYMKIHAIM apTadbl. bipak Kya WamaZaH TbIiC YCaKTaAca, OHbIH Cyfa
KaykeTTiniri ae ecyi MymMmkiH. COHAbIKTAH YHTAKTay Y3aKTblfbl HAKTbI LWWMKI3aT YLWiH TaXipnbe apKbibl
TaH/a/ybl Kepek.

KynaiH canacblH 6aKkblnay KesiHAe OHblH XMMUAbLIK Kypambl, KyMAaipy KesiHaeri macca
YKOFaNybl, blAFaNablbIFbl, BOAWEKTEPIHIH 61WEMI XaHe MeHWIKTI 6eTi aHblkTanaabl. PeHTreHaik
Tanzay apKblibl KPEMHUI AMOKCUAIHIH, aMopdTbl HEMECe KpUCTanablk Kyni 6aranaHagpl. byn
KepceTKiwTep OETOH KypaMblH XobanayFa »aHe ap NapTuadarbl KYA4iH KacMeTTepiH CaNbICTbIpyFa
MYMKIiHAiIK 6epea,.

- OHAE/TeH KeCKiH, -
x1400

9 -x1400

Cypet 3. Kypilw KaybI3bl KYAiHIH, MUKPOKYPbI/IbIMbI
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4. Kypiw Kaybl3bl KYAiHiH LLeMeHTNeH apekeTTecyi

MopThaHALEMEHTKe CYy KOCbINfaHAa LUEeMeHT MWHepanaapbl rmapaTtaumanaHaipl KaHe
HEeTOHHbIH, OepiKTiriH KanbiNnTacTblpaTblH eHiMAep nNahaa 6onaapl. Ocbl NpouecTe KanbLUui
rmapokcnai ae Tysineai. On 6eToHfa Herisri 6epikTik HepeTiH KOMNOHEHT emec XaHe Kenbip
arpeccuBTi OpTa aCcepiHeH OHaM Walblaybl HEMECE XMMUANbIK peakumara Tycyi MyMKiH. Kypil
KaybI3blHbIH, KyniHaeri 6enceHai SiO, KanbUM MMAPOKCUAIMEH SPEKETTECIMN, KOCbIMLLIA KabLMi
rMAPOCUANKATTaPbIH Ty3eai. by npouecc nyuuonaHablK peakumsa Aen aTanaap.

KocbiMLla Ty3iAreH KanbLUni rnapocuanKaTTapbl LEMEHT TaCbliHAaFbl KybICTapAbl a3aiTbin,
OHbIH, KYPbl/bIMbIH Thifbi3ganapl. COHbIH HITUXKECIHAE KeWiHri mep3imaepaeri 6epikTik apTbin,
CY[blH »K9HE arpeccuBTi epiTiHainepaiH, 6eToHfa eTyi KubiHAAMAbl. byn peakuma OipaeH
anaKkTanmManabl. AnfalwKbl Toyniktepae OepiKTiKTiH KanbiNTacyblHa HerisiHeH UEeMEeHTTIH, ©3i
KaTbiCafbl, an Kypill Kaybl3bl KYAiHIH 9cepi 28 Tay/iK KoHe oJaH KeliH alKbiHbipaK balKkanybl
MYMKiH [10 -13].

Kypill KaybI3blHbIH, Ky/ai 6ETOHFa TeK XMMUSAbIK KoameH acep etneingi. OHbiH Malna
HenWeKTepi LEMEHT NeH TONTbIPFbILW apacbiHAafFbl 6OC OpbiHAAPAbI TONTbIPAAb!. by dU3nKanbIK,
acep BEeTOHHbIH, iLKi KypbiabiMbiH Bipkenki eTyre kemekTeceni. COHbIMEH KaTap ycak benwekrep
LEeMEHTTIH, rMapaTaumns eHiMAepi }MHanaTbiH KOCbIMLIA OeT peTiHAe Kbi3MeT eTes). [lemek, KypiLu
Kaybl3bl KYAiHIH acepi yw OafblTTaH Typaapl: 60C opblHAAPAbI TOATbIPY, LEMEHTTIH KaTatoblHa
Konarnnbl 6eT Kypy KaHe Kanbumnii rMAPOKCUAIMEH XMMUANBIK SpeKeTTecy.

Kypill Kaybl3bl KYAiHiH MeALwepi TbiM Ken 60/1ca, LeMEHT Me/illepi a3albin, epTe KacTafbl
HepikTik TomeHaeyi MymKiH. CoHbIMeH bipre KeyekTi Ky/ cydblH 6ip ©eniriH CiHipin, KocnaHbiH,
KOtoNaHyblHa oKeneadi. COHAbIKTAH KYAAH TUiMAI MelWepiH TaHAday OHbIH  XMMUAbIK
benceHainirimeH Katap 6€TOH KOCNACbIHbIH, CyFa KaXKeTTinirine ae 6aiaaHbICTbI.

5. BeToH KOCnacbIHbIH KacKeTTepiHe acepi

Kypilw KaybI3blHbIH KyAiH 6OETOH KypamMblHA eHrisreHae eH anAbiMeH KOCMnaHbIH,
KO3fanfbllTbifbl ©3repedi. Kyn OenwekTepiHiH OeTi KeyekTi »KaHe MeHLWIKTi 6eTi »Kofapbl
HbonraHAbIKTaH, onap cyabl Kebipek ycTanapl. Cy menwepi earepmece, 6eTOH Kocnachl KOtAaHbIM,
OHbl apanacTbipy *KaHE KanbiMKa cany KublHAaybl MyMKiH. Cy MenllepiH *Kai faHa KebenTty
HEeTOHHbIH, KeliHri 6epikTiriH TomeHaeTeai. COHAbIKTaH Kypill Kaybl3blHbIH, KyAi KOCblafaH 6eToHAa
Cy/Abl a3aMTaTbliH XMMUANBIK KOCNanapasl NanganaHy opbiHAbI.

Cynepnnactudukatop UeMeHT neH Kyn 6GenwekTepiHiH Oip-bipiHe Xabbicbin KanyblH
asalTbin, onapAablH, Kocnaaa bipkenki TapanybiHa KemeKkTecedi. COHbIH apKacbiHAa KOCbIMLLIA CY
KOocnan-aK KarkKeTTi KO3fanfbllTbIKKA KON KeTkizyre Honagpl. bipak cynepnnactudmuKkatopabiy,
Me/Lepi KyNaiH KacneTiHe Kapan TaHdanybl KepeK. *aHbaln KanfaH KemipTeri Ken Kyl XMMUA/bIK
KocnaHblH, 6ip 6eniriH e3 beTiHe CiHipin, OHbIH 3CepiH ToMeHaeTe ;.

KocnaHblH, canacblHa KOMNOHEHTTEPAI apanacTblipy peTi Ae acep eTeli. AnabIMeH Kypfak
mMmaTepuangapabl bipkenki apanacTblpbin, COAAH KEMiH Cy MEH XMMUSAbIK KOCMaHbl Kocyfa bonaapl.
Backa Tacinge Kypill Kaybl3blHblH Ky/i LEMEHTNEH »KaHe cynepnaactudukaTop epiTiHAaicimeH
anapiH ana bipre yHTaKTanadbl Hemece apanacTtblipblnagbl. MyHaam mexaHukanbik 6enceHaipy
HenlekTepdiH TapanybliH XaKcapTyFa KaHe KYA4iH TIMAINIriH apTTbipyFa barbiTTanfaH. [lereHmeH
HenceHAipy yakbliTbl, ANIPMEH TyPi }KaHE 3HEPrMA WbIFbIHbI HAKTbI KBPCETINYI KaXKeT.

6. beToHHbIH bepiKTiriHe acepi

Kypil Kaybl3bl KyAiHiH 6eToH OepikTiriHe acepi OHbIH, Mo IepiHe, YHTaKTbIAbIFbIHA, KaFy
PEXMMIHE, LLEMEHT TYpiHE KaHEe Cy-LUeMeHT KaTblHacblHa BannaHbICTbl. KenTereH 3epTreynepae
AypbIC AaMblHAANAFAH KYPill Kaybi3biHbIH, KYyAi LeMeHTTiH 6ip 6eniriH anmactoipraHaa 28 xaHe 90
TOYNIKTEri Cbify BepiKTIriHiH, cakTanaTbiHbl HEMece apTaTbiHbl kepceTinreH [10 -14]. DaeTTe TMiMAI
Me/Lllep opTalla wekte 6onagabl. Ananga 6apabiK Ky YWiH 6ipaern HakTbl Nanbi3 bearifey MyMKiH
emec.
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A3 menuwepaeri benceHai Kyn UeMeHT OeleKTepiHiH apacblH TOATbIPbLIN, KeRiHHEH
KanbUMM rMAPOKCUAIMeEH apekeTTecedi. byn 6eTOHHbIH KYPbIbIMbIH HblfaTadbl. Kyn menwepi
lWamadaH TbiC apTKaHda LEeMeHT VYAeci as3albin, KaTatodblH OacTankbl Ke3eHiHAe MeTKinikTi
HanNaHbICTbIPFbIL BHIM Ty3iIMeyi MYMKiIH. Erep KocnaHblH KO3faNfbllTbIfbIH CaKTay YLWiH cy
KebeNnTince, apTblK cyAaH KybicTap nanga 6onbin, 6epikTik TomeHaenai.

BepikTikTi baranaraHOa Tek 28 Tay/iKTEri HOTUMXKEMEH LeKTenmey KepeK. Kypill Kaybi3bl
KYAiHIH, NyUUOAaHAbIK PeakumMsacbl canbiCTbipmanbl Typae 6asy XypeTiHaikteH, 56 xaHe 90
TOYNIKTEr HATUMKeNep OHbIH ScepiH ToAblFblpak KepceTeni. CoHbIMeH bipre canbICTbIPbINATbIH
Kypamaapaa cy-6ainaHbICTbIPFblll KATbIHAChI KaHEe KOCMaHbIH, KO3Fa/ fbllWTbiFbl Hipaen 6onybl
TUiC. OMTNEece BepIKTIKTEri alblpMaLLbIbIKTbl TEK KYPIiLLl Kaybli3bl KYAiHIH aCepiMeH TyCiHAIpy AypbIC
bonmanapl.

7. BeTOHHbIH, GU3UKabIK KaCMeTTepi MeH y3aK Mep3iMmajiniri

7.1 Cy CiHjprilTiK }XaHe cy eTKi3benTiHAiK

BeTOHHbIH Cy CiHIpriwTiri OHbIH, ilWKi KybICTapblHbIH CaHblHA 3He OnapAplH ©e3apa
HalinaHbiCcbiHa Tayenai. benceHAi »KaHe KaKCbl YHTaKTa/NfaH Kypill Kaybl3blHbIH, KyAi UEMEeHT
TacblHAAFbl KybICTapAbl a3alTbiM, CyAblH 6Ty XOAAapblH KMblHAATaAbl. COHbIH, HITUMXKECIHAE Cy
CIHipriwTiK TemeHaen, cy eTKI3benTIHAIK apTybl MyMKiH. Byn acipece binfan, Ty3 »KoHe 6Hacka
arpeccuBTi 3aTTap acep eTeTiH KOHCTPYKLUMANAP YLWiH MaHbI3bl.

[ereHmeH Kyn canacbl3 60nbin, 6€TOH KOCNAcbiH AalblHAAY YWiH apTblK Cy KOAAAHbIACA,
Kepi HaTuKe 6oaybl MyMKiH. COHABIKTAH CY CiHiprilUTIKTIH TOMEHAEeYi Kypill Kaybli3bl KYAiHiH 63iHe
faHa emec, OyKkin OeTOH KypamblHbIH AypbiC TaHAanybiHa OarnaHbicTbl. Cy  menwepi,
cynepnaactudmukaTop 403achl *KaHe KOCMaHbl TbiFbi3Aay canachkl bipre eckepinyi Kaxer.

7.2 Aasfa tesimainik

AfA3fa Te3iMAiNiK - OETOHHbIH CYMEH KaHblKKaH Kynae bipHele peT my3aan, epireHHeH
KeniH OepiKTiri MeH TyTacTbIFbIH cakTay KabineTi. Cy 6eToH KybICTapblHAa My3fa aliHa/IFaH4a OHbIH,
Kenemi ynfaibin, iWki KbicbiMm Nanaa 6onaabl. Erep 6€TOHHbIH KypblabiMbl 6OC }KaHe Cy CiHipriluTiri
}ofapbl 60/1ca, My34aTy MeH epiTy LUMKAAEPI *KapblKTapablH, Ty3inyiHe akenea,.

Kypill KaybI3blHbIH, Ky/i OETOH KypblabiMbIH Tbifbi34an, cy CiHIprilUTiKTI TemMeHOeTKeH
afdanaa OHbIH anA3fa Te3iMAiniri apTybl MYMKiH. bipak MyHAa aya TapTKbiw Kocnanap,
TONTbIPFbILTAPAbIH canachkl, 6ETOHHbIH, HaCTanKpbl bIAFaNAbINbIFLI KOHE CbIHAK d4ICi A& MaHbI3Abl.
CoHAbIKTaH adA3fa TO3IMAINIKTI apTTbIpy YLWIiH KYPill KaybI3bIHbIH, KYAiH KOA4AHY Xaanbl Kypamabl
aypbic *kobanaymeH Bipre »Kyprisinyi Tuic.

7.3 ArpeccuBTi opTafa Te3iMAaiNikK

TbIfbI3 KYPbIIbIMAbl BETOHFa XnopuaTep MeH cynbdaTTapabiH eHyi baaynanabl. benceHai
Kypill Kaybl3blHbIH, KyAi KanbUMn rMapokcuaiHiH, 6ip 6eniriH bannaHbICTbipaTbIHALIKTAH, LEMEHT
TacbliHbIH, Kenbip XMMUANbIK acepsiepre TypaKTblblFbl apTybl MYMKiH. 3epTTeyiepae Kypill
Kaybl3blHbIH, KYAi KOCblAFaH BETOHHbIH XI0PWUA MOHAAPbIHbIH, ©TYiHE aHe cynbdaT epiTiHAiNepiHiH,
acepiHe Te3imainiri »kakcapfaHbl kepceTineai [11 -15]. bipak 6yn KacnetTep KyA4iH MeslepiHe,
LLEeMEHTTIH KypaMblHa XaHe CblHaK opTacbiHa 6alnaHbICTbI.

ApmaTypanaHfaH OETOH YLiH KOMIPKbILLIKbI/ ra3blHbIH, OETOHFa eHyiH [e eCKepy Kepek.
Kypill KaybI3bIHbIH, KyAi KYPblIAbIMAbl Thifbi34afaHbIMEH, KanbUWMA TMAPOKCUAIHIH MeLlepiH
asanTagpl. CoHAbIKTaH apmaTypaHbl Kopfay KabineTiH baranaraHga TeK Cy CiHipriwTik emec,
KapboHM3aUuMa TepPeHAiri e 3epTTenyi KaxKeT.

8. Toxipnbenik 3epTrey HaTHXenepi

BacTanKpl }YMbICTa KYPiLL KaybI3bIHbIH, KYi, TOPTAAHALEMEHT, KYM, KMbIPLUbIK Tac aHe a3
Mesiepaeri MyHal Waambl KONJdaHblNFaH 6eToH Kypamaapbl 3epTrenreH. MyHal wnambl 6yn
YMbICTA EeKe 3epTTey HbiCaHbl emec, Taxkipmbenik KypamHbiH Oip KOMMOHEHTI peTiHae
KapacTblpbinapl. COHAbIKTAH anblHFaH OEpIKTIK HaTMXKeNepi Kypiw Kaybi3blHbIH Kyai MmeH HacKa
KOMMOHEHTTepPAiH bipneckeH acepiH cMnatTanapl.
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YW Kypamaa noptaaHauemeHT menwepi 18,0-aeH 15,0 %-fa AeniH TeMeHAETININ, KypiLl
Kaybl3bl KYAiHiH menuwepi 3-TeH 5 %-fa gemiH KoHe MyHan wnambl 0,8-geH 1,2 %-fa aemiH
apTTbIpbIAFaH. 7 XaHe 28 TayNiKTeri cbify BepiKTiriHiH HaTUXKenepi 2-kecteae beping,.

KecTe 2 - Kypilll KaybI3blHbIH, KyNli KOCbI/IFaH BETOHHbIH, KypaMbl XKaHe Cbify 6epiKTiri
MopTnaHaue | MyHaM Kypi | Kym, | KnbiplwblK | 7 Taynik, | 28 Tayhik,

meHT M400, | wnambl, | W % Tac, % MTa MTMa
% % Kay
bi3bl
HbIH,
Ky,
%
3 38 30 45,2 68,8
4 38 30 44,7 67,2
5 37 31 43,2 66,4

a
CypeT 4. BeTOoH yArinepiH cbifyfa CbiHay: a - AaiblH TEKLLE YArifep; @ - YAriHi npecTe
opHanactbipy; 6 - »Kykteme 6epy 6apbichl

CypeT 5. BeToH VAriCiHiH, CbIFy }KYKTeMmeci acepiHeH by3blay cunaThbl

KecTe HaTuxenepi 6oMbiHLA 6ap/bIK 3epTTenreH Kypamaapaa 28 ToyAiKTeri Cbify OepiKTiri
66,4 -68,8 MIMa apanbifbiHaa 60a4bl. EH sKoFapbl BepikTiK BipiHWI Kypamaa anbiHAbl: 7 Tay/ikTe
45,2 Mla »kaHe 28 Taynikte 68,8 Mlla. Kypiw Kaybli3bl KyaiHiH menwepi 3 %-aaH 5 %-fa aeniH
apTKaH Kesge 6epikTik a3gan TemeHgereH. CbiFyFa CbiHay KesiHae yarire GipTiHaen eceTiH
KyKTeme Oepinin, KapblKWaKTapablH Ty3inyi MmeH Tapanybl 6aKkblnaHapl. by3biny caTbiCbiHAA
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YAriHiH, 6eTiHAe OOMNbIK XaHe Kenbey KapblKWaKTap Aambin, WeTKi benikTepiHae OETOHHbIH,
yritinyi 6aikanabl (Cypet 5).

Byn e3repicTi Bip faHa Kypill Kaybl3bl KyAiHIH MeLWepiMeH TyciHaipyre 6onmanabl, cebebi
Kypamaapda NopTAaHALEMEHT, MyHaM LWAaMbl, KYM K3HE KMbIPLbIK Tac MesLlepi e e3reprex.
CoHbIMeH KaTap bHakblnay Kypambl MeH Cy-LeMEeHT KaTblHacbl KecTefde KepceTinmereH. CofaH
KapamacTaH HaTuxkenep uemeHT menwepi 15 -18 % apanbifblHAa KaHe Kypill KayblI3bIHbIH KyAi 3 -
5 % 6onfaH Kesae »Kofapbl OepikTiK anyfa 6onaTbiHbIH KepceTeai. AnblHFaH AepeKkTep Keneci
3epTTeyaep YWiH TMiMAi Kypamapbl HakTblayFa Heri3 60/1a anaapl.

HoTuxenepai TonblK Asnenaey yuwiH 6onawak Taxipnbene Kypilw Kaybi3biHbIH, KA
KOoCblAMaraH bakblnay 6eToHAbl, MyHal WAaMbl }KOK, KYPILL Kaybi3blHbIH, KYAi KOCbIAFaH Kypamabl
YKOHE 9p KOMMOHEHTTIH, Me/ILepi XeKe e3repTifieTiH Kypamaapabl CanbiCTbipy KaxkeT. CblHaKTap
KemiHae 3, 7, 28, 56 xkaHe 90 TaynikTe »Kyprisinin, coify OepikTirimeH Katap Ccy CiHiprilTik, as3fa
TE3IM/IK }KoHe BeTOH KYPbI/TbIMbl aHbIKTaIFaHbl AYPbIC.

9. Kypiw KayblI3blHbIH KyAi HerisiHaeri KeweHai opraHoMuMHepangbiK Kocnanap

Kypill Kaybi3blHbIH Ky/JiH OETOHfa Xeke MUHepandplk Kocna TypiHae faHa eMmec,
LEMEHTNEH XoHe XMMWA/bIK KocnameH Oipre pAaMblHAANATbIH KeleH4i Kocna KypamblHAA
narnganaHyfa 6onaabl. MyHAaM TaCinaiH, MakcaTtbl - KyA4iH 6enceHainirin apTTbipy, beswekTepa
Kocrnada Oipkenki TapaTy XoHe apTblK Cy Kocrnal OeTOHHbIH, KaKeTTi KO3Fa/fblWTbIFbIH
KaMTaMacbl3 eTy.

KeweHai KOCMaHblH, MUHEpanablK OeniriHe Kypill Kaybi3biHblH, Kyl MEH LeMeHT, an
opraHuKanblK 6eniriHe cynepnaactTMdukaTop Kipedi. byn komnoHeHTTep bipre yHTaKTanfaHAa Ky
benweKkTepi  mMandanaHbin, LUEMEeHTNeH  KaHacybl  Kakcapaabl. CynepnnactudukaTop
HenlweKTepaiH, *abbiCbiN KanyblH a3aiTaabl. HaTuxeciHae KynaiH Maiaa 6enwektepi uemeHT
TacblHAAfbl HOC OpPbIHAAPAbI TONTLIPbIN, KENiIH NYLLIONAHABIK PeaKkUyMaFa KaTbiCadb!.

KelweHai KocnaHblH, TUIMANIM OHbIH, Bap/blK KOMNOHEHTTEPI AypbiC TaHJasfaHOa FaHa
banKkanagpl. KyngiH canacbl TemeH 00/ica Hemece OHblH, MeJlepi WamMajaH Tbic apTca,
cynepnnactuduKaTop LWbiFbiHbl  KeOemin, KocnaHblH KO3fanfbllTbifbl TOMEHAELYI MYMKIH.
CoHAbIKTaH Kypill KaybI3biHbIH, Ky/i, LEMEHT, CY *KaHe XMMUANLIK Kocna mesllepiH bip-bipiHeH
benek emec, bip »KyMe peTiHAE KapacTblpy KarkeT. Opbip KaHa Kya napTuAckl ywiH Hakblnay
CbIHAKTapPbl XKYPri3i/ireHi *KeH.

10. SKONOrMANbIK XoHE SKOHOMUKA/bIK, MaHbI3bl

Kypill Kaybi3blHbIH, KyAiH OETOH eHAipiciHAe naiganaHy eKki MiHAeTTi KaTap Lwellyre
MYMKIiHAiIK Bepeai. bipiHwWwiaeH, aybln WapyalwbliblFbl KaaablFbl Nanaanbl OHiMre aiHanaabl KaHe
OHbl CaKTay Hemece KeMy KaxeTTifiri asaaabl. EkiHwigeH, uemeHTTiH 6ip 6HeniriH KyameH
a/IMacTbIpy apKblabl LEMEHT LWbIfbiHbIH TOMeHAeTyre 6onaabl. byn LUemMeHT eHaipiciHe KaxeT
TabWFM WNKI3AT NeH dHEPrusaHbl YHEMAEYTE biKnaa eTeai.

Anainaa Kypill KaybI3blHbIH, KYAiH KOAZAHYAbIH TUiMAINIriH 6afanaraHaa OHbl AalbliHAAYFa
KYMCanaTblH 3HEPrMA MeH LWbIFbIHABI Aa ecenTey KaxkeT. Kaybi3abl TacbiManaay, KenTipy,
HakblnaHaTbiH Xafdanaa Kafy, KyA4i YHTAaKTay »aHe canacblH TeKCEepY KOCbIMLIA onepauuanap
6onbin Tabblnaabl. Erep Oyn *KymbiCTap Kypill eHAEY KSCINOPHbIHA }aHe BEeTOH 3aybITbiHA KaKbliH
xepae yMbIMAACTbIpbICA, TacbiMangay LWbIFbIHbI a3aibil, TEXHONMOTMAHbIH, 3KOHOMMKA/bIK
TUIMAINIT *KOFapblNanabl.

Kbi3bliopda o06abICbiIHAA Kypill eHAipici MeH Kypblibic mMaTepuangapbl eHAipiciH
HanNaHbICTBIPATbIH MEPTiNIKTI Kyhe KypyFa MyMKiHAIK 6ap. Kypiw eHaey KacinopblHAapbiHaH
aNblHFAH Kaybl3abl 6aKblnaHaTbIH NeWTe »Kafy, KyN4i CypbinTay *KaHe yHTaKTay apKblibl OeTOH
3aybITTapblHa TYpaKTbl canaaafbl MMHEpPanablK KOcna XeTkizyre 6onaapl. byn ywiH Kypill Kaybi3bl
KY/NiHiH canacblHa KOMbIAATbIH TafanTap MeH Kabblnaay cbiHaKTapbl a3ipaeHyi THic.

131



Proceedings of the 14th International Scientific Conference

11. Kypiw KaybI3blHbIH, KYJIiH KONAaHYAa eCKepifieTiH Heri3ri TananTap

Kypill Kaybi3blHbIH, KyAiH BeTOH eHAipiciHae TypaKTbl KondaHy ywiH bipHelwe Tanan
CaKTanybl KaxeT. bipiHWi Tanan - Kaybl34pbl *Kafy TemnepaTypacbl MeH yaKbITbiH BaKblnay. EKiHLWi
Tanan - kynaeri aHban KanfaH KeMipTek NeH 3MAHAbI KocnanapAbiH MeALEpPiH aHbIKTay. YLLiHLWi
Tanan - KyA4i KaxKeTTi gapeskere AeMiH YHTaKTay »aHe OHblH 0e/leKTepiHiH, TYPaKTbl KypamblH
KamTamacbi3 eTy. TepTiHWi Tanan - OETOHHbIH, Cyfa KaXKeTTiNiriH eckepin, cynepnaactudmkaTop
Me/LLEPIH Taxipnbe apKbl/ibl TaHAaY.

Kypill Kaybl3bl KyAiHIH MeALepiH Tek bacKka 3epTTeynepaeri nambi3fa cymeHin kabblnaayra
bonmanapl. AngbiMeH 3epTTeneTiH KyAZiH KacMeTTepi aHbIKTabin, codaH KeniH bipHelle cbiHak,
Kypambl JalblHAanybl Tuic. Kypamaapabl canbiCTbipFaHaa onapAbiH,  cy-6aliaHbICTbIPFbILL
KaTblHACbl, KO3fa/fbllUTbIFbl »KIHE KaTato Kafdahnapsl Oipaen 6onybl KaxkeT. CoHZa faHa
BepikTiKTeri Hemece cy CiHiprilTiKTeri @3repicTi, Kypill Kaybi3biHbIH, KyaiHe 6aliiaHbICTbl eKeHiH
aypbic bafanayra 6onaabl.

OHAIPICTIK *KaFoanaa Kypill Kaybl3bl KyJiHIH 9p MNapTMACbIHA KbICKAlla camna Ky»KaTbl
¥acanfaHbl }eH. OHAA KYA4IH anblHFAH OPHbI, afy TeMnepaTypacsl, blAFANAbIIbIFbI, XUMUABIK,
KyPambl, YHTaKTbI/bIfbl YKOHE CblHAK HaTUKenepi KepceTinyi Tvic. MyHaan 6akblnay 6HeToH
KACUeTTEepPIiHIH TYPaKTbI/blfblH KAMTaMachl3 eTes,.

KopbITbIHAb!

Kypill KaybI3blHbIH, KYAi - KpEeMHWUI AMOKcUaiHe 6alt aHe 6eToH eHipiciHae benceHi
MWHepanaplk Kocna peTiHae KonaaHyfa 6onaTbiH aybln WapyallbiabliFbl KanablFbl. OHbIH TUiMAIAIT
eH angbiMeH Kaybi3abl »Kafy pexkumiHe bannadbicTbl. amamen 500 -700 °C apanbifbiHAa
HaKblNaHaTbIH Kafy aMopdTbl KPEMHWI AMOKCKUAI BacbiM Ky anyfa MyMKIiHAIK 6epeai, an Tbim
YKOFapbl TEMMNepaTypa OHbIH, KPUCTaNAbIK KYMre aybliCyblHa aKeNYi MyMKIH.

Kypil KaybI3blHbIH KyAi 6eToHFa GU3MKaNbIK KoHE XUMMUANbIK KONMEH acep eTeai.
YHTaKTanfaH Kyn benliexkTepi LeMeHT NeH TONTbIPFbIl apacbiHAafbl 60OC OpbIHAAPAbI TONTbIPAAbI,
an benceHai KPEMHUIN ANOKCK A LEMEHT r’MAPaTaLMAChI Ke3iHAe TY3iAreH KanbLUMn TMAPOKCUAIMEH
opekeTtTeceqi. COHbIH HaTMXKeciHAe 6eTOoH KypblibiMbl TbiFbl3AanbIM, KeNiHr mep3imaepaeri
HepiKTiri, cy eTKI3BeNTIHAIr KaHe ana3fa Te3IMAINIT *KaKcapybl MYMKIH.

CoHbiMeH bipre Kypill Kaybi3bl KyJiHIH KeyeKTi KypblabiMbl OETOH KocCnacbiHbIH cyfa
Ka*KeTTiniriH apTTbipadbl. COHABIKTAH OHbl KONAaHFaHAA Cy MeALIEpPiH Heri3ci3 kebenTnen, TMiMAi
cynepnnactudmkatop nNamaanaHy »aHe KOCMaHblH KO3FaAfblWTbIFbIH Oakblnay KaxeT. Kynaid
TMiIMAi Menlepi OHbIH canacbiHa »KaHe OeTOHHbIH TO/bIK KypambiHa 6aliiaHbiCTbl Taxipnbe
apKbISIbl aHbIKTaNaab.

HyprisinreH Taxipnbeae Kypiw Kaybidbl KyAiHiH Menwepi 3 -5 %, myHan wnambl 0,8 -1,2 %
KoHe nopTaaHauemeHT 15 -18 % 6onraH Kypamaapaa 28 TaynikTeri cbify 6epikTiri 66,4 -68,8 MIa
apanbifbiHaa 6onapl. EH KOFapbl HOTUMKE Kypil Kaybi3blHbIH Kyai 3 % 6onfaH BipiHWi Kypamaa
anblHAbl. bipak Kypamaarbl bBipHelle KOMMOHEHT KaTap e3repreHfikteH, Oyn KepceTkiwTep
onapapblH 6ipaeckeH acepiH cunatranabl.

Hannbl anfaHaa, Kypilw Kaybl3blHbIH KYAiH AYPbIC AalblHAAY, YHTAKTay *KaHe OETOHHbIH,
Hacka KOMMNOHEHTTEPIMEH YMNECTIpY Kypill eHAIPICIHIH KanablFbiH TMIMAI NanganaHyfa, LeMeHT
WbIFbIHBIH @3alTyFa KaHe »Oofapbl canasbl 6eToH anyfa MyMKiHAIK 6epesi. Keneci 3epTTeynepae
KYPiLl Kaybl3bl KYAiHIH XeKe 9CepiH aHbIKTalTbiH Dakblaay KypamaapbiH eHri3in, OeTOHHbIH, y3aK,
Mep3iMmai 6epikTiri MeH Te3iMainiriH KeweHai 6afanay KarkerT.
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Abstract

This article examines the role of French investments in Kazakhstan as a strategic
instrument of economic diplomacy. Amid shifting geopolitical landscapes and growing
competition for Central Asian markets, economic engagement has evolved beyond pure
commercial interest into a vital tool for bilateral relations. Utilizing a qualitative and empirical
approach, the study analyzes major French corporate footprints in Kazakhstan — particularly in
energy, infrastructure, and mining — and evaluates their impact on diplomatic ties and regional
stability. The findings indicate that France’s economic strategy in Kazakhstan serves not only
mutual commercial benefits but also strengthens Paris's geopolitical positioning in Central Asia.

This scientific article examines the strategic role of European Union investments in
Kazakhstan as a vital instrument of modern economic diplomacy. Amid shifting global geopolitical
landscapes and evolving trade corridors, the European Union remains one of the largest foreign
investors in the Central Asian region. The study analyzes the bilateral economic frameworks,
including the Enhanced Partnership and Cooperation Agreement, to understand how foreign
direct investment transcends traditional commercial interests to foster deeper diplomatic
alignment, institutional reform, and regional stability. Special attention is devoted to the
diversification of Kazakhstan's economy away from hydrocarbon dependency, focusing on EU-
backed initiatives in critical raw materials, renewable energy, sustainable infrastructure, and
digitalization.

Utilizing a mixed-methods approach that combines quantitative trade-flow analysis with
qualitative policy evaluation, the research assesses the mutual benefits and challenges inherent
in these economic partnerships. The findings highlight that European investments serve not only
as capital injections but as soft-power mechanisms that facilitate regulatory harmonization,
enhance governance standards, and strengthen Kazakhstan's multi-vector foreign policy.

Ultimately, the paper concludes that economic diplomacy driven by targeted France
investments creates a resilient framework for long-term geopolitical cooperation, balancing
European resource security needs with Kazakhstan's modernization objectives.

Keywords: Economic diplomacy, European Union, foreign direct investment, Kazakhstan,
Central Asia, sustainable energy, critical raw materials, bilateral relations
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AHpaTtna

Byn makanaga ¢paHuUy3 WMHBECTUUMANAPbIHbIH, Ka3akCTaH4afbl Peni 3KOHOMMKANbIK,
ONNNOMATUAHbBIH, ~ CTpaTeruAnblK,  Kypanbl  peTiHAe  KapacTbipblnagbl. ©3repin  KaTKaH
reonoNINTUKaNbIK Karaanmnap meH OpTanbik A3uMa HapblKTapbl YUWiH KylWenin kKene »KaTKkaH
HaceKenecTik KafaamblHAA SKOHOMMKANbIK bIHTBIMAKTACTbIK TEK KOMMEPUMANbLIK Myaaenep
WweHbepiHeH LWbIFbIM, EKiKaKTbl KaTblHAacTapAblH MaHpbI34bl KypasablHa alHangpl. 3epTtreyae
cananblK *aHe SMNMPUTMKANbIK TaCiNAep KONAAHbINA OTbIPbIN, ipi dpaHLy3 KOpnopaunanapbiHbIH
KasakcTaHaarbl KbI3MeTi (acipece sHepretuMka, WMHOPAKYpbIIbIM XaHe Tay-KeH eHepKacibi
cananapbiHAa) TanfaHadbl KoHe OnapAblH  AWNAOMATMKANbIK 6OalnaHbICTap MeH eHipiK
TYPaKTbINbIKKA ocepi OafanaHagpl. 3epTrey HaTwkenepi ®PpaHumaHbiH,  KasakcTaHaarsbl
3KOHOMMKAbIK CTPATErMACHl ©3apa KOMMEPUMAAbIK Nanda aKkenin KaHa Koman, [MapuabiH
OpTanblik A3maaasbl reONOAUTMKAbIK YCTaHbIMbIH HblFaliTa TYCETIHIH KepceTei.

Byn fbiibiIMKM  Makana EyponanblK O4aKTblH KasaKcTaHAafbl WMHBECTULMANAPbLIHbLIH,
3aMaHayM 3KOHOMMUKAJIbIK OMMAOMATUAHBIH MaHbI3Abl Kypasabl pPeTiHAeri CTpaTervanbiK pPesniH
KapacTbipaabl. MahaHAblK reocascu KafaalablH e3repyi MeH cayda [A21i34epiHiH, Aamybl
»afdanbiHaa Eyponansik odak OpTanbik A3na eHipiHaeri eH, ipi WweTenaik MHsectopaapabiH, oipi
bonbin Kana bepeni. 3epTrey Tikenen wWeTennik MHBECTUUMANAPAbIH, ASCTYP/li KOMMEPLMAbIK,
MygaenepaeH  WblFa  OTbIPbIN,  Kanavwa  TepeHipeKk  AMNAOMATUANbIK — YHAECTIKKe,
MHCTUTYLUMOHaNAbIK pedopManapFa KaHe eHIpNiK TYPaKTbINbIKKA bIKNaa eTeTiHiH TYCiHy YLWiH
KeHenTinreH opinTecTik MNeH bIHTbIMAKTACTbIK Typaabl KeniCimAi Koca anfaH4a, eKiKaKTol
9KOHOMMKANbIK Herisaepai Tanganabl. Makanaga WuKisaTka TayenainikTteH apblay MakcaTbiHAA
Ka3aKcTaH 3KOHOMMKACbIH apTapanTaHAbIpyfa epeklle Ha3ap ayaAapbiabin, CbiHW MaHbI3bl 6ap
WWKI3aT, KaHAPTbINATbIH SHEpPrua Kesaepi, TypaKTbl MHPPaKypbINbIM KaHe undpaaHabIpy
cananapbiHaafbl EO KonganTeiH HacTamanap KapacTtblipblaaapl.

CaHAbIK cayda afblHAApbIH TandayAbl cananblk cascy bafanaymeH OipiKTipeTiH apanac
d4icTemenik Tacinai KongaHa OTblpbin, 3epTTey OCbl SKOHOMMKA/bIK SPINTECTIKTepre ToH e3apa
TUIMAI TYCTap MeH KMbIHAbIKTapAbl 6afananabl. HaTvxkenep eyponanbik WMHBECTULMANAD TeK
KanuTan cany Kypasibl faHa eMec, COHbIMEH KaTap peTTeyai yinecTipyre, 6ackapy CTaHAapTTapbIH
aKcapTyfa KaHe Ka3akCTaHHbIH, KeMNBEKTOP/bl CbIPTKbl CaACaTblH HblFAWTyFa biKNan eTeTiH
«KYMCaK KYL» MexaHM3MAepi peTiHAe KbI3MeT eTeTIHIH KepceTes,.

TynTen KenreHae, Makala MakcaTTbl PpaHUMAHbBIH MHBECTULMANAPLI apKbl/ibl Ky3ere
aACbIPbINATbIH SKOHOMMKAbIK AMNI0OMATUA eyponasblK PEeCYPCTbIK KAYINCi3aik KaXKeTTiNnikTepi meH
Ka3aKCTaHHbIH  KaHFbIPTY MaKCaTTapblH YWAEecTipe OTbIpbIN, VY3aK Mep3imai  reocaacu
bIHTbIMAKTACTbIK, YLUIH TYPaKTbl HEri3 KaabINTacTblpabl AereH KOPbITbIHAbIFA Keneai.

KinT cespep: DKOHOMMKaNbIK AunaomaTus, Eyponanbik ogdak, Tikenen weTenmik
nHBectnumanap, KasakcrtaH, OpTanbik A3na, TYPaKTbl SHEPreT1Ka, MaHbi3bl Dap WKMKI3aT, eKiXKaKTbl
KaTblHacTap

AHHOTauuA

B naHHOM cTaTbe paccmaTpuBaeTca posib GpaHUY3CKMX MHBECTULMI B KasaxcTaHe Kak
CTPaTerM4yeckoro WHCTPYMEHTa 3SKOHOMWYECKOM aunaomatun. Ha  ¢doHe meHatoLerocs
reonoNnMTUYeckoro naHawadra v pacTywenn KOHKYpeHUMM 3a pPbiHKM  LleHTpanbHon Asuun
5KOHOMMYECKOe B3aMMOAENCTBME MNEPepoCco  PaMKM  YMCTO KOMMEPYECKMX WHTEpecos,
NPeBpPaTUBLLMCL B MM3HEHHO BaMKHbIA WMHCTPYMEHT [BYCTOPOHHWX OTHOLWEHWI. Mcnonb3ys
KauyeCTBEHHbIM M 3MMNUPUYECKUA NMOAXOA, UCCNeaoBaHMe aHanAM3MpyeT MPUCYTCTBME KPYMHbIX
dpaHLy3CKMX Koprnopaluii B KazaxcTaHe (B YaCTHOCTH, B chepax sHepreTukM, MHPPACTPYKTYpPbI 1
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ropHoA06bIBatOLLEN MPOMbILLIEHHOCTM) N OLEHMBAET UX BAUAHWE Ha AMNIOMATUYECKME CBA3N U
PEermoHanbHyto CTabuabHOCTb. [lONyYeHHble pPe3ynbTaTbl MOKAa3blBAKOT, YTO 3SKOHOMMYECKad
cTpaTerna ®paHummn B KasaxcTaHe CAYKMT He TONbKO B3aMMHOW KOMMEPYECKOW BbIroAe, HO U
YKpennaeT reononnTmyeckmne nosmumm MNapuka s LleHTpanbHom Asunn.

B AOaHHOM Hay4yHOM CTaTbe pacCMaTpMBAeTCA CcTpaTerMdyeckas poab  MHBECTULMM
EBponeickoro coto3a B KasaxcTaHe Kak BarKHENLLEro MHCTPYMEeHTa COBPEMEHHOM 3KOHOMMNYECKON
amnnomatin. Ha doHe meHstouleroca rnobanbHOro reononTMYeckoro naHawadTa n passuTma
TOProBbIX KOpMAOPOB EBPONENCKMn COK3 OCTaeTcs OAHUM M3 KPYMHEMWMX MHOCTPAHHbIX
MHBECTOPOB B LIeHTpanbHOA3MaTCKOM permoHe. B nccneoBaHMM aHaAM3NPYOTCA ABYCTOPOHHME
9KOHOMMYECKME pamKK, BKAtoYas CornalleHme o paclmMpeHHoOM NapTHEPCTBE N COTPYAHUYECTBE,
4yTOObl MOHATb, KaK MPAMblE WMHOCTPAHHblE WMHBECTULMW BbIXOAAT 33 PAMKM TPAAMUMOHHbIX
KOMMEepPYEeCKMX WHTepecoB, cnocobcteya Honee rnybokomy AMNAOMATUYECKOMY COAMMKEHWIO,
MHCTUTYLMOHANbHBbIM pedOopMam 1 permoHanbHon ctabunbHocTn. Ocoboe BHMMaHMeE yaenaeTca
avsepcudUKaLLMmM SKOHOMUKIM KasaxcTaHa ¢ Lenbto yxoaa OT Yr1eBoA0POAHOM 3aBUCMMOCTH, NpH
3TOM OCHOBHOE BHMMaHMe yaenseTca nogaepxmnsaemoim EC nHMUMaTMBaM B chepe KpUTUYEeCKn
BAXKHOTO CblpbA, BO30OHOBAAEMbIX WMCTOYHWKOB 3HEPrUM, YCTOMYMBOM MHOPACTPYKTYPbI M
LUMdpoBM3aLUN.

icnonb3ya  CMELWaHHbI  MeTOAONOTMYECKMA  NOAXOA,  COYEeTAlWMMA  aHanu3
KO/IMYECTBEHHbIX TOPrOBbIX MOTOKOB C KA4YeCTBEHHOMW OLEHKOW MONUTUKKN, WCCaeaoBaHMe
OL,EHMBAET B3aMHble BbIroAbl U NpobaeMbl, NpUcyLme AaHHbIM 3KOHOMUYECKMM NapTHEPCTBAM.
MonyyeHHble pe3ynbTaTbl MOKa3blBAOT, YTO €BPOMENCKME WHBECTULMM CAYXKAT He TOAbKO
BAMBAHMEM KanuTana, HO W MexaHM3MamM «MAFKOW CWUAbl», KOTOpble CcnocobCTByOT
rapMOHM3aLMN  PEryIMpPOBaHMA, MNOBbILWEHUIO CTAaHAAPTOB YMPABAEHUA U YKPENIeHWUto
MHOTOBEKTOPHOM BHELWHEeN NONNTUKKM Ka3axcTaHa.

B 3aKkntoueHne aBTOp MPUXOAMT K BbIBOAY, YTO SKOHOMMUYECKAA AUMNIOMATUA, ABUKMMAA
LueneBbiIMM  MHBECTUUMAMM DPpaHUMKM, CO3[4aeT YCTOMYMBYKO OCHOBY [A/NA AOATOCPOYHOrO
reonoNMTUYECKOro coTpyaHuyectBa, OanaHcupya noTpebHocTM EBpoMbl B pecypcHoW
6e30MacHOCTM C Lenammn moaepHm3aumnm KaszaxcraHa.

Kntouesble cnoBa: JDKOHOMWYECKad AMnaomaTtva, EBpONEnckMi coto3, npAmble
MHOCTPaHHble MHBECTULMMK, Ka3axcTaH, LleHTpanbHas A3uma, yCTOMYMBasA SHEPreTUKa, KPUTUYECKN
Ba)HOE Cblpbe, ABYCTOPOHHME OTHOLIEHUSA

Introduction. In the contemporary architecture of international relations, the nexus
between economics and diplomacy has undergone a profound transformation, positioning
economic diplomacy as a core instrument of statecraft and regional integration. Within this
shifting paradigm, the strategic deployment of foreign direct investment (FDI) transcends mere
commercial enterprise, operating instead as a sophisticated vector for geopolitical alignment,
institutional modernization, and long-term partnership. Kazakhstan, as the geopolitical anchor and
economic powerhouse of Central Asia, has increasingly become a focal point for external actors
seeking to secure strategic economic corridors and resource partnerships. Among these global
players, the European Union (EU) stands out as a preeminent institutional and economic partner.
Consequently, investigating EU Investments in Kazakhstan as an Instrument of Economic
Diplomacy offers a vital analytical lens through which to observe how transnational capital flows
shape bilateral statecraft, regulatory convergence, and regional stability in Eurasia.

The urgency of examining EU investments in Kazakhstan is underscored by a turbulent
global landscape characterized by fractured supply chains, intensifying geopolitical competition,
and an accelerated global green transition. As Kazakhstan endeavors to pivot away from a
traditional hydrocarbon-centric economic model toward a diversified, knowledge-based, and
sustainable economy, European capital, technology, and governance standards provide an
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indispensable catalyst [1]. The formalization of the Enhanced Partnership and Cooperation
Agreement (EPCA) between Kazakhstan and the EU has established a comprehensive legal
architecture for deeper integration. However, the practical operationalization of this framework
through targeted investments in critical raw materials, renewable energy, sustainable transport
infrastructure, and digital ecosystems remains underexplored in contemporary scholarship [2].
Furthermore, understanding how these economic commitments function as instruments of soft
power and institutional reform is crucial for navigating the delicate balance of Kazakhstan’s multi-
vector foreign policy amidst the competing interests of global superpowers.

The primary objective of this research is to comprehensively analyze how European Union
investments operate as an instrument of economic diplomacy in Kazakhstan, evaluating both the
developmental outcomes for the Central Asian state and the strategic gains for the European bloc.
To fulfill this overarching goal, the study sets forth the following key tasks:

1. To evaluate the legal, institutional, and policy frameworks — specifically the EPCA — that
govern EU-Kazakhstan economic relations and facilitate bilateral investment flows.

2. To examine the sectoral allocation of European investments, with a distinct focus on
initiatives addressing critical raw materials, green energy transition, and sustainable infrastructure
development.

3. To assess the role of economic diplomacy and European investments as soft-power
mechanisms driving regulatory harmonization, corporate governance standards, and institutional
reforms within Kazakhstan.

4. To analyze the bilateral dynamics between Kazakhstan and key European member
states, most notably France, to demonstrate how national-level diplomatic and industrial
strategies reinforce overarching EU-level objectives.

5. To identify the primary systemic challenges, geopolitical friction points, and mutual
benefits inherent in these economic partnerships, culminating in strategic recommendations for
future cooperation.

The scientific significance of this research lies in its contribution to the theoretical
discourse surrounding economic diplomacy, bridging the conceptual gap between traditional
international political economy and modern institutional integration [3]. By treating FDI not
merely as a quantitative economic variable, but as a qualitative diplomatic tool, the study provides
a nuanced framework for understanding contemporary Eurasian geopolitics. Practically, the
findings offer actionable insights for policymakers, corporate strategists, and diplomatic corps in
both Astana and Brussels. The insights derived from this study can assist in optimizing future
investment agreements, enhancing risk-mitigation strategies in critical supply chains, and refining
policy measures aimed at fostering sustainable economic modernization in developing and
transition economies.

The Strategic Dimension of France-Kazakhstan Relations. A critical micro-level
manifestation of this broader European economic diplomacy is found in the deepening bilateral
partnership between Kazakhstan and France. As one of the principal political and industrial
heavyweights within the European Union, France has consistently utilized targeted economic
diplomacy to cement its presence in Kazakhstan’s strategic sectors, particularly in civil nuclear
energy, aerospace, rare earth elements, and infrastructure [4]. High-level state visits and strategic
intergovernmental agreements have positioned French multinational corporations as key partners
in Kazakhstan’s green transition and industrial diversification. This bilateral axis exemplifies how
national strategic priorities of individual EU member states can synergize with overarching
European integration policies. France’s engagement in Kazakhstan goes beyond commercial trade;
it operates as an active diplomatic instrument that reinforces European technological footprint,
secures critical resource supply chains, and fortifies Kazakhstan's multi-vector foreign policy by
diversifying its network of high-level Western partnerships. Ultimately, analyzing the Franco-
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Kazakh dynamic within the broader context of EU investments illuminates the complex mechanics
of how collective economic diplomacy is enacted through bilateral statecraft [5].

Research and Analytical Framework: EU-Kazakhstan and Franco-Kazakh Economic
Diplomacy. The economic architecture between Kazakhstan and the European Union represents
one of the most robust transnational partnerships in Central Asia, anchored heavily by foreign
direct investment (FDI) and bilateral commerce. The European Union historically maintains its
position as Kazakhstan’s largest foreign investor and primary trading partner, accounting for
roughly half of total accumulated foreign investment inflow into the country since independence.
This economic relationship is institutionalized through the Enhanced Partnership and Cooperation
Agreement (EPCA), which provides a stable legal framework for trade, regulatory approximation,
and sustainable sector development [6].

Kazakhstan's export profile to the EU remains dominated by energy resources, specifically
crude oil and natural gas, which serve vital energy security needs for European member states.
Conversely, EU exports to Kazakhstan heavily feature machinery, advanced technological
equipment, pharmaceuticals, and transport vehicles. However, both actors are actively shifting
their economic focus toward high-value sectors, including green energy transition, critical raw
materials (CRMs), and digital infrastructure, steering away from pure resource extraction toward
diversified, technology-driven industrial cooperation (figure — 1).

France to
Kazakhstan
France exports
expotrs
N\ /a N
Green Tech, ] Crude oil,
Pharmaceuticals Natural gas
v A
.
Machinery, || critical raw
Technology materials

Figure — 1. Structucal composition of EU-Kazakhstan Bilaterial and Investment

Strategic Franco-Kazakh Economic and Diplomatic Relations. Within the broader
framework of EU economic diplomacy, France plays a distinct, leading role as a key political and
industrial partner for Kazakhstan. Bilateral relations between Astana and Paris have evolved into
a strategic alliance characterized by high-level political dialogues and major industrial joint
ventures. French multinational corporations—such as TotalEnergies, Orano, Alstom, and Airbus
maintain a deep-seated operational footprint in Kazakhstan across sectors ranging from civil
nuclear energy and uranium mining to aerospace, railway logistics, and renewable power
generation [7].

France’s economic diplomacy in Kazakhstan functions as a direct extension of its national
energy security and industrial sovereignty strategies, aligning seamlessly with the European
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Union’s broader quest for supply chain diversification. For Kazakhstan, the influx of French capital
and proprietary technology acts as a vital counterbalance in its multi-vector foreign policy,
reducing over-reliance on any single Eastern or Western power. Joint projects in wind and solar
energy, alongside civil nuclear cooperation protocols, underscore how French industrial
engagement directly contributes to Kazakhstan's low-carbon modernization and sustainable
development goals (figure — 2).
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Figure — 2. Key Sectors of Franco-Kazakh Industrial and Economic Cooperation

Geopolitical Alignment and Sustainable Development. Economic diplomacy between
European entities and Kazakhstan operates within an increasingly complex geopolitical
environment. Situated at the crossroads of Eurasia, Kazakhstan utilizes its economic partnerships
with Western actors to navigate regional pressures and enhance its sovereign agency. European
investments serve as instruments of "soft power" that introduce high standards of corporate
governance, transparency, environmental compliance, and regulatory harmonization into the
Kazakh market [8].

Furthermore, the emphasis on sustainable development has become a cornerstone of
bilateral agendas. As global supply chains realign around the Trans-Caspian International
Transport Route (the Middle Corridor), European investments in Kazakh logistics, digital
connectivity, and green infrastructure play a pivotal role. This convergence of interests ensures
that economic diplomacy is not merely a tool for commercial profit, but a stabilizing mechanism
that fosters regional resilience, environmental modernization, and long-term geopolitical
equilibrium in Central Asia [9].

Conclusion. The comprehensive analysis of French investments in Kazakhstan reveals a
profound evolution in modern economic diplomacy, where traditional commercial transactions
serve as foundational vehicles for deeper geopolitical, institutional, and structural alignment. By
acting as a leading foreign investor and a crucial European partner in Kazakhstan, France
transcends simple resource acquisition, deploying capital as a sophisticated instrument of soft
power and strategic convergence. The robust diplomatic and economic framework between the
two nations has successfully operationalized mutual resilience, bridging French strategic industrial
demands with Kazakhstan's imperative for national modernization.
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At the micro-level, the bilateral partnership between Kazakhstan and France exemplifies
how national-level industrial statecraft can drive effective long-term cooperation. French
multinational engagement across critical sectors—such as civil nuclear energy, uranium mining,
renewable power, and railway logistics—demonstrates that economic diplomacy functions best
when anchored in high-value, high-tech collaboration. These strategic ventures not only secure
French supply chains for critical raw materials and green technology components, but also actively
support Kazakhstan's broader transition toward a diversified, sustainable, and knowledge-based
economy.

Furthermore, these economic engagements play a vital role in reinforcing Kazakhstan’s
multi-vector foreign policy. By deepening its partnership with France as a key European actor,
Astana successfully navigates complex regional pressures and bolsters its sovereign agency amidst
shifting global power dynamics. French capital inflows concurrently introduce rigorous standards
of corporate governance, environmental compliance, and transparency, fostering institutional
reforms that resonate deeply throughout the domestic economic ecosystem.

Looking ahead, the convergence of French-Kazakhstan interests along strategic trade
vectors, most notably the Trans-Caspian International Transport Route, highlights the enduring
relevance of bilateral economic diplomacy as a stabilizing force in Eurasia. Future cooperation will
increasingly hinge upon the successful execution of green energy initiatives, digitalization projects,
and resilient supply chain integration. Ultimately, the sustained synergy between French
investment strategies and Kazakhstan's development objectives establishes a durable blueprint
for long-term geopolitical cooperation, proving that economic diplomacy remains an
indispensable catalyst for mutual prosperity and regional stability in the twenty-first century.
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Abstract

This study examines the pivotal role of Italy in Kazakhstan’s infrastructure development,
focusing on the strategic economic and industrial partnerships established between the two
nations. Over recent decades, ltalian engineering, construction, and energy giants have
significantly contributed to modernizing Kazakhstan's transport networks, energy grids, and urban
infrastructure, moving beyond traditional hydrocarbon cooperation into high-value engineering
sectors.

Utilizing a qualitative and empirical methodology, the research analyzes major bilateral
projects — particularly in civil works, logistics corridors, and sustainable energy infrastructure to
evaluate their impact on Kazakhstan’s national modernization and economic diversification. The
findings indicate that Italian corporate engagement serves as a vital catalyst for regional
connectivity and technological transfer.

Furthermore, this cooperation reinforces Kazakhstan’s multi-vector foreign policy and
enhances ltaly’s geopolitical and economic footprint in Central Asia. Ultimately, the partnership
demonstrates how targeted foreign investment and collaborative engineering foster mutual
economic resilience and long-term stability in the Eurasian region.

Keywords: Italy, Kazakhstan, Infrastructure Development, Foreign Investment, Economic
Cooperation, Energy Projects, Central Asia, Transport Networks.

AHpaTtna

byn 3eptrey UTtanuaHbiH, KasakcTaHHbIH MHOPaKYPbIIbIMbIH AaMbITydasbl WeLyLi peiH
KapacTblpbIn, €Ki en apacblHAa OPHATbl/IfAH CTPATErMAbIK IKOHOMMKA/IbIK KOHE 6HEPKaCIiNTIK
cepikTecTikTepre 6Haca Haszap ayaapadbl. COHFbl OHMKbINABIKTAPAA WMTANbAHABIK WHXEHepNiK,
KYPbIZIbIC KaHEe 3HepreTuKa annaybiTTapbl A3CTYPI KOMIPCYTEKTI bIHTbIMAKTACTbIK WeHOepiHeH
WbIFbIN, Ka3aKCTaHHbIH KAk KenifepiH, 3HEePreTUKaNblK IKyMenepiH »KaHe Kanasnblk,
MHPPAKYPbINbIMbIH }KaHFbIPTYFa eneyni yaec KocTbl.

3epTTey cananblK aHe 3MMUPUTUKANbIK SA4iCHaMaHbl KONAAHA OTbipbin, Ka3aKCTaHHbIH,
YATTbIK KaHFbIpybl MEH 3KOHOMMWKaAbIK dpTapanTaHAblpybiHa acepiH ©Oafanay YWiH Herisri
eKiXKaKTbl obanapapl — acipece asamaTTblK KypPbl/iblC, NOTMCTUKANbIK ADNI3AEP KaHE TyPaKTbl
3HepreTMKa MHOPaKypbIbIMbI CananapbiHaarbl *Kobanapabl Tanaanapl. HaTukenep nTanbaHabIK
KoprnopauuanapablH, KaTbiCybl OHIPAIK 6ainaHbiC NeH TEXHONOMMANbIK TpaHchep YWiH MaHbI3Abl
KaTanM3aTop KbI3METIH aTKapaTblHbIH KepceTedi.

CoHbIMeH KaTap, Oyn bIHTbIMAKTACTbIK Ka3aKCTaHHbIH KeMNBEKTOP/bl CbIPTKbl CascaTblH
HbIFalTbiN, UTanmaHbliH, OpTanbiK A3uagafbl FreONOJANTUKANbIK XIHE 3KOHOMMKAbIK, bIKNA/bIH
apTTbipaZbl. HaTuKeciHAe CepikTecTik MakcaTTbl LWeTenaik MHBecTMuMAnap MeH bipneckeH
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UHXeHepua Eypa3ma anMmasblHAA ©3apa 3KOHOMWKANbIK TYPaAKTbIAbIK MNeH y3aK Mep3imai
TbIHbIWTBIKTbI KaNai KanbiNTacTblpaTbiHbIH KOpceTed,.

Kint cesnep: Mtanns, KasakcTaH, MHPPaKypbiabIMAbl AaMbITy, WETENAIK MHBECTULMANAP,
3KOHOMMKA/bIK bIHTbIMAKTACTbIK, IHEPTreTUKaNbIK Kobanap, OpTanbik A3ua, Kenik xeninepi.

AHHOTauUuA

B OaHHOM WCCNeAoBaHMM pacCMaTpMBaETCA K/ko4esas poab MTanum B passBUTMM
MHOPACTPYKTYPbI KasaxcTaHa C akLEHTOM Ha CTpaTernyeckoe sKOHOMMUYECKOe U NMPOMbILLIEHHOE
NapTHEPCTBO MeXAy ABYMA rocydapcTBamu. 3a nocnefdHue AecATUNETUA  UTabAHCKME
WHXKEHEpPHbIe, CTPOUTE/IbHbIE U 3HEPreTUYeCcKMe TUraHTbl BHEC/IM 3HAYMTe/bHbIA BKAad B
MO/IEPHMN3ALMIO TPAHCMOPTHbLIX CETEM, IHEePreTUYECKUX CUCTEM W FTOPOACKON MHOPACTPYKTYPSI
KasaxcTaHa, BbIiA 38 PaMKn1 TPAAMLUMOHHOIO COTPYAHMYECTBA B YI1€BOAOPOAHOM CEKTOPE.

lcnonb3ya KayecTBEHHYIO M SIMMUPUYECKYI0 METOA0/I0TNI0, UCCAe0BaHNe aHanU3mpyeT
OCHOBHbIE Z1IBYCTOPOHHME MPOEKTbl — B YaCTHOCTU, B 0BNACTU TPaKAaHCKOro CTPOMTE/IbCTBA,
NOTUCTUYECKUX KOPUAOPOB M YCTOMYMBOM IHEPreTUYeckon MHOPACTPYKTYPbl — A8 OLEHKM MUX
BAVAHMA Ha HaLUMOHANbHYIO MOAEPHM3ALMIO N IKOHOMMYECKYIO AMBepcudUKaumio KasaxcrtaHa.
MonyyeHHble pe3ynbTaTbl MOKA3bIBAlOT, YTO Y4aCTUE UTANbAHCKUX KOPMOPALMA  CAYKUT
BaKHEMLLIMM KaTaM3aTOPOM PErMOoHaIbHOM B3aMMOCBSA3MN 1 TEXHOIOTMYECKOoro TpaHchepa.

Kpome Toro, JaHHOe COTPYAHNYECTBO YKPENnaaeT MHOTOBEKTOPHYIO BHELLHIOW MOANTUKY
KasaxctaHa W yCWAMBaeT reonoAMTUYEeCKoe M 3KOHOMMYecKkoe npucyTcteue WTtanum B
LleHTpanbHOM A3un. B KOHEYHOM MTOTe MAPTHEPCTBO AEMOHCTPUPYET, KaK LiesieHanpaBieHHble
MHOCTPaHHbIE MHBECTULMM U COBMECTHbIE MHXKEHepHble pa3paboTkM cnocobCTBYOT B3aMMHOWM
9KOHOMMYECKOMN YCTOMUYMBOCTM N JONTOCPOYHOM CTabunbHOCTM B EBPA3MIMCKOM permoHe.

Kntouesble cnoBa: WTtanua, KasaxctaH, pa3BuTMe WHPPACTPYKTYPbl, MHOCTPaHHble
MHBECTULIMWN, SKOHOMMUYECKOE COTPYAHMYECTBO, SHEpPreTuyeckme nNpoekTsbl, LleHTpanbHan Asus,
TPaAHCMOPTHbIE CETU.

Introduction.

In the contemporary architecture of international relations, physical, digital, and energy
connectivity has emerged as the principal currency of geopolitical influence and geo-economic
statecraft. As global supply chains face unprecedented vulnerabilities and traditional trade
corridors undergo radical realignments, the infrastructure linking continents has transformed into
a critical strategic arena. Within this shifting paradigm, Central Asia — and Kazakhstan in particular
— occupies a pivotal geographical position, serving as the essential landbridge connecting Europe
and Asia. Amidst these sweeping structural changes, the European Union (EU) has significantly
amplified its strategic engagement through ambitious connectivity frameworks such as the Global
Gateway strategy. Consequently, investigating The Role of the EU in Infrastructure Development
in Kazakhstan provides an indispensable analytical lens through which to examine how
transnational capital, engineering prowess, and diplomatic intent converge to reshape Eurasian
trade routes, foster regional integration, and redefine bilateral partnerships [1].

Relevance and Urgency of the Research. The urgency of examining European Union-backed
infrastructure development in Kazakhstan is underscored by a rapidly transforming global trade
environment. With northern trade routes constrained by geopolitical friction, the Trans-Caspian
International Transport Route — commonly known as the Middle Corridor — has risen to
unprecedented strategic prominence. Kazakhstan stands as the core territorial anchor of this
corridor, making its infrastructural capacity a decisive factor for Eurasian commercial resilience.
However, persistent logistical bottlenecks, inadequate port facilities on the Caspian Sea, and
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modernization gaps in rail and digital networks present substantial hurdles to sustained economic
growth. European investments, technical expertise, and institutional standards offer an essential
counterweight to these challenges, providing the capital and regulatory frameworks necessary to
construct sustainable, high-standard transport and energy networks. Furthermore, understanding
how these infrastructure initiatives align with Kazakhstan's multi-vector foreign policy and its
domestic economic modernization goals is critically important for navigating the complex interplay
of intersecting global powers in Central Asia [2].

Research Objectives and Tasks. The primary objective of this research is to
comprehensively analyze the scope, mechanisms, and strategic implications of European Union
involvement in Kazakhstan's infrastructure development, evaluating both the physical
transformation of regional logistics and the broader geopolitical outcomes. To accomplish this
overarching goal, the study sets forth the following key tasks:

1. To evaluate the strategic frameworks, financial mechanisms, and policy doctrines —
specifically the EU Global Gateway initiative and the Enhanced Partnership and Cooperation
Agreement that govern European infrastructure financing in Kazakhstan;

2. To examine the sectoral allocation of European-backed projects, focusing intensely on
transport modernization, the Trans-Caspian International Transport Route (Middle Corridor),
digital connectivity, and green energy grids;

3. To assess the role of European infrastructure investments as catalysts for regulatory
harmonization, environmental compliance, and the institutional adoption of European transport
and technical standards within Kazakhstan;

4. To analyze the specific bilateral and industrial contributions of key European member
states, most notably Italy, in executing major infrastructural, energy, and industrial engineering
projects within Kazakhstan;

5. To identify the primary systemic challenges, geopolitical risks, and mutual benefits
inherent in these infrastructure partnerships, culminating in strategic recommendations for
optimizing future Eurasian connectivity [3].

Scientific and Practical Significance. The scientific significance of this research lies in its
contribution to the theoretical framework of geo-economics and international infrastructure
politics, bridging the conceptual gap between transport geography and modern institutional
diplomacy. By treating infrastructure not merely as a collection of physical assets, but as a strategic
instrument of long-term diplomatic alighnment and economic resilience, the study offers a robust
model for understanding contemporary Eurasian dynamics [4]. From a practical standpoint, the
findings provide actionable insights for policymakers, multilateral development banks, corporate
logistics strategists, and diplomatic missions in both Astana and Brussels. The insights generated
can assist in streamlining future project financing, enhancing risk-mitigation protocols along cross-
border supply chains, and refining policy measures designed to support sustainable economic
modernization in landlocked transition economies [5].

The Strategic Dimension of Italy-Kazakhstan Infrastructural and Industrial Cooperation. A
vital micro-level pillar of this broader European infrastructural engagement is manifested in the
deepening bilateral partnership between Kazakhstan and Italy. As one of the foundational
economies within the European Union and Kazakhstan's leading trade partner within the bloc,
Italy has consistently utilized targeted economic diplomacy, advanced engineering capabilities,
and high-level diplomatic dialogue to secure a prominent role in Kazakhstan’s infrastructure and
energy sectors. Italian multinational corporations -such as Eni in large-scale energy infrastructure
and renewable power development, as well as prominent industrial engineering firms — maintain
a robust operational footprint that directly supports Kazakhstan's infrastructural modernization
and green transition. High-level state visits and intergovernmental strategic agreements between
Astana and Rome have institutionalized this cooperation, ensuring that Italian industrial expertise
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feeds directly into the larger EU-led connectivity architecture. Italy's involvement in Kazakhstan's
transport, energy grids, and industrial logistics networks goes far beyond simple commercial
contracting; it functions as a strategic diplomatic instrument that reinforces the European
technological footprint, diversifies Kazakhstan’s network of advanced Western partners, and
fortifies the country's sovereign multi-vector foreign policy. Ultimately, analyzing the Italian-
Kazakh infrastructural dynamic within the overarching framework of EU-Kazakhstan relations
elucidates the intricate mechanics of how collective European connectivity objectives are
successfully translated into concrete, bilateral industrial achievements [6].

Review.

The strategic partnership between Kazakhstan and the European Union relies heavily on
robust infrastructural and commercial integration. The European Union remains a preeminent
investor and trade partner for Central Asia, directing substantial capital into modernizing regional
connectivity frameworks. Central to this integration is the transformation of the Trans-Caspian
International Transport Route (the Middle Corridor), which serves as a vital artery connecting
European markets with Asian supply chains.

Kazakhstan's export profile to the EU heavily features primary energy commodities, while
European exports center on advanced machinery, transport technology, electrical equipment, and
infrastructure construction goods. However, the overarching economic agenda has transitioned
from raw resource extraction to comprehensive infrastructural modernization. Through initiatives
like the EU Global Gateway, European capital is actively channeled into upgrading port facilities,
expanding digital fiber-optic networks across the Caspian Sea, enhancing rail transit efficiency, and
deploying smart green energy grids. This structural shift ensures that capital inflows drive long-
term institutional resilience and sustainable economic diversification [7].

Strategic Italy-Kazakhstan Economic, Industrial, and Infrastructure Relations. Within the
broader framework of EU infrastructure diplomacy, Italy occupies a uniquely prominent position
as Kazakhstan’s top trading partner within the European Union. Economic relations between
Astana and Rome are institutionalized through robust intergovernmental agreements and
extensive industrial cooperation. Major Italian multinational corporations—most notably Eni—
maintain a massive, long-standing operational footprint in Kazakhstan, expanding far beyond
traditional oil and gas extraction into large-scale renewable energy infrastructure, solar and wind
power plants, and industrial engineering projects [8].

Italy's economic diplomacy in Kazakhstan functions as a core pillar of its national energy
security and industrial expansion, perfectly synchronized with the EU’s broader connectivity
objectives. For Kazakhstan, the influx of Italian capital and world-class technological expertise acts
as a crucial anchor in maintaining its multi-vector foreign policy, balancing relations among major
global actors. Joint ventures focusing on low-carbon energy infrastructure, environmental
remediation, and logistics engineering demonstrate how Italian industrial engagement directly
reinforces Kazakhstan's sustainable development goals and infrastructural upgrading [9].

Geopolitical Alignment, Sustainability, and Regional Connectivity. Infrastructure
development in Kazakhstan operates as an instrument of modern geo-economics, enabling the
country to navigate complex regional pressures and enhance its sovereign agency. Situated at the
crossroads of Eurasia, Kazakhstan utilizes its cooperative frameworks with Western partners,
particularly Italy and the wider EU, to modernize its transit architecture and reduce historical
logistical vulnerabilities [10].

European-backed infrastructure projects act as vectors of regulatory harmonization,
introducing rigorous European standards for environmental impact assessments, transparent
public procurement, corporate governance, and technical safety into the Kazakh market.
Furthermore, the strong emphasis on sustainable development ensures that transport corridors
and energy grids are built to withstand future ecological and economic shocks. This convergence
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of European strategic interests and Kazakh modernization objectives establishes a stable, resilient
framework for long-term regional integration and sustainable prosperity in Central Asia.

Conclusion. The comprehensive analysis of Italy's prominent role in infrastructure
development within Kazakhstan highlights a transformative shift in modern economic diplomacy,
where physical and digital connectivity serves as the primary catalyst for long-term geopolitical
and institutional integration. As a leading European partner in Central Asia, Italy goes far beyond
traditional commercial engagement, utilizing state-backed industrial frameworks and major
corporate capital as a strategic instrument of regional stabilization and bilateral convergence. The
modernization of critical trade conduits, most notably the Trans-Caspian International Transport
Route (Middle Corridor), underscores how ltalian-backed infrastructural projects successfully
bridge European strategic security demands with Kazakhstan's imperative for national economic
diversification and modernization.

At the micro-level, the bilateral partnership between Kazakhstan and Italy exemplifies how
national-level industrial statecraft and broader Mediterranean-European integration policies
synergize with exceptional effectiveness. Anchored by major corporate entities like Eni and
prominent engineering firms, Italy has driven vital investments not only in large-scale hydrocarbon
and energy sectors but also in renewable power grids, advanced engineering, and sustainable
urban infrastructure. This high-level industrial collaboration demonstrates that economic
diplomacy achieves optimal results when rooted in technology transfer and sustainable
development, directly supporting Kazakhstan's transition toward a low-carbon, highly connected
economy.

Furthermore, ltalian corporate engagement actively addresses critical structural
bottlenecks within Kazakhstan's logistics and transit networks. By upgrading transportation hubs,
modernizing pipeline networks, and investing in advanced transit systems, Italian enterprises
contribute directly to the physical expansion of the Eurasian trade corridors. These targeted
infrastructural interventions ensure that local supply chains remain robust, efficient, and capable
of handling increasing volumes of international cargo moving between East and West.

In addition to physical infrastructure, these engagements play an indispensable role in
reinforcing Kazakhstan’s multi-vector foreign policy. By expanding its network of advanced
Western partners like Italy, Astana successfully navigates complex geopolitical pressures,
minimizes historical transit vulnerabilities, and bolsters its sovereign agency. Concurrently, Italian
capital inflows introduce rigorous standards of environmental compliance, transparent
procurement, and technical safety, fostering structural and institutional reforms that resonate
deeply throughout the domestic economy.

The scope of bilateral cooperation extends increasingly into the realm of green transition
and ecological sustainability. Italy's domestic expertise in renewable energy — particularly in solar,
wind, and green hydrogen technologies aligns seamlessly with Kazakhstan’s ambitious national
targets for carbon neutrality and environmental remediation. Joint ventures in renewable power
generation demonstrate that economic diplomacy can successfully pivot toward ecological
resilience, ensuring that future infrastructure projects mitigate climate change while powering
regional growth.

Beyond energy and transport, the partnership fosters vital human capital development and
institutional capacity building. Italian engineering and corporate projects in Kazakhstan inherently
require advanced technical training, specialized education programs, and knowledge-sharing
initiatives for local workforces. This transfer of professional expertise builds an enduring
foundation of technical competence, empowering local specialists and strengthening Kazakhstan's
domestic labor market for generations to come.

Looking ahead, the sustained convergence of Italian and Kazakh interests along major
Eurasian transport and energy corridors solidifies infrastructure development as an enduring pillar
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of regional stability and mutual prosperity. Future cooperation will increasingly rely on the
seamless execution of green energy transitions, digital connectivity projects, and resilient supply
chain integration. Ultimately, the synergy between Italy's investment strategies and Kazakhstan's
development objectives establishes a durable blueprint for twenty-first-century statecraft,
proving that infrastructure diplomacy is a vital engine for sustainable Eurasian integration.
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ABSTRACT

The reform movement was not limited to Germany alone. By the 1520s, and especially the
1530s, Lutheranism had spread to the Scandinavian countries and, to some extent, to England,
France, Poland, and Hungary. Lutheranism exerted an even greater influence on Switzerland,
Germany's southern neighbor. Here, a new system of Protestantism was developed, and a new
church organization based on Reformation principles was established. The loose and ill — defined
nature of the Swiss Confederation turned the state into a political pawn in the hands of major
powers; the King of France, the Holy Roman Emperor, and the Pope all employed Swiss peasants
as mercenary soldiers. Conditions were becoming ripe for the onset of the Reformation movement
in Switzerland. In this process, the activities of Huldrych Zwingli and John Calvin deserve special
mention. The Reformation that triumphed in Switzerland was not confined to the country's
borders; it fostered an environment conducive to the emergence of qualitatively new, Europe —
wide developments of a global nature. In this context, the formation of the Westphalian system —
which formalized the creation of the new, independent Swiss state on the European stage —is of
particular interest.

Keywords: Swiss Confederation, Reformation, Europe, global change, religious teachings,
historical significance

Introduction

A confederation of cantons was established in Switzerland in the late 13th century. The
events that began in Uri, Schwyz, and Unterwalden expanded further over time, and by the mid-
14th century, Zug, Glarus, Zurich, and Bern had joined them. In the 15th century, the Swiss
confereration established an independent state through its struggle against the German
Habsburgs and the feudal lords of Northern Italy and Western France. The alliance emerged
victorious in the Swabian War; under the Treaty of Basel of 1499, it was exempted from Imperial
obligations, and its ties to the Empire became merely formal.

The treaty of 1511 confirmed Switzerland's independence. Following the incorporation of
Basel, Schaffhausen, and Appenzell, Switzerland expanded to comprise 13 full — fledged cantons
and 10 independent territories. Among Swiss cities, Geneva held a special place as a center of
industry and trade; it joined Switzerland in 1530 after being liberated from the Duchy of Savoy.

As a confederation, Switzerland lacked permanent central governing bodies, a common
currency, an army, a flag, and a state seal. The Tagsatzung was considered the supreme authority;
by the late 15™ century, Zurich held the leading role within it.

Within the confederation, the cantons, federal territories, and vogteien — along with their
respective urban and rural communities — constituted the core components of the political —
administrative system. In the cities, the primary governing bodies were the Great Council, the
Small Council, and the magistracy (comprising the burgomaster, the college of schoffen, and
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various sectoral commissions). Cooptation — whereby an elected body adds new members to its
ranks without a formal election — was widely practiced. Magistrates were reelected annually.

Under the treaty concluded with King Francis | of France, the hiring out of troops became a
major state — level enterprise (involving 80.000 soldiers and generating 40.000 — 50,000 gold ecus
annually0). Despite prohibitions, the ruling oligarchs of Zurich, Bern, and Basel grew wealthy on
the proceeds from this trade and held a dominant position within the Confederation.

The Economic Situation in Switzerland

The economic character of the various cantons and territories was not uniform. Common
features shared by most of them included the preservarion of rural communities (marken) and a
large number of free peasants, alongside the limited development of feudal relations. In the
“forest” (rural) cantons — such as Schwyz, Uri, and Unterwalden — extensive crop farming was not
profitable; instead, livestock farming came to the fore as roads and trade developed.

During the wars of independence in the 13th and 14th centuries, the majority of rural
cantons acquired lands from the feudal lords, and the peasants gained their freedom. Although
commodity —based agriculture developed in some regions, feudal land relations and various forms
of peasant dependency persisted in many hailiwicks.

The situation was different in the urban cantons of Zurich, Basel, and Bern, as well as in the
allied territories of Geneva and St.Gallen. Grain cultivation and the growing of industrial crops
were successfully carried out and were market — oriented. Feudal land relations and forms of
peasant dependency were widespread. Common lands (allmenden) had been appropriated by the
rural elite. Peasants were required to sell their surplus grain at their respective urban markets.

Swiss cities were not numerous. Guild — based craftsmanship flourished within them. In
Basel, four of the fifteen guilds — comprising merchants, money changers and goldsmiths, and
winemarkers and wine merchants — held special privileges. The Saffron Guild united more than
thirty skilled masters. In Geneva, the guilds were abolished during the Reformation [Image 1].

Image 1. Old map of Switzerland from Ortelius" atlas, 16th century

The guild system in Swiss cities was disintegrating. Sectors such as textiles were coming
under the control of merchants. In new industries — such as book printing, haberdashery, and the
production of silk and paper — guilds either did not exist, or the guild structures in place allowed
for entrepreneurial activity. French and Italian Calvinist migrants were the organizers in these
fields.

Switzerland held a significant place in pan — European transit trade connecting Antwerp,
major French commercial cities, and the empires of the Mediterranean basin. Swiss fairs, which
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flourished in the 15th century, ceased operations by the mid — 16th century. The Zurzach fairs,
linked to Leipzig, Frankfurt, and Lyon, thrived. This fostered the development of s commercial
credit system; banks were established in Basel in 1504 and in Geneva in 1568.

The Onset of the Reformation in Switzerland

In the early 16th century, Swiss cities increased pressure on their rural districts, allied
territories, and bailiwicks, curtailing their administrativ and judicial rights as well as their freedoms.
In the late 15th century, Bern had abolished serfdom in rural areas and standardized the status of
various peasant groups. Socio — economic development was generating tension in the country.
Unrest and uprisings occurred during the late 15th and early 16th centuries. In this regard, the
events that took place in Zurich. Lucerne, Solothurn, and other locations between 1513 and 1515
are particularly noteworthy.

The cantonal authorities continued to exert pressure on the Church. By the end of the 15th
century, they had consolidated control over the appointment of clergy and the administration of
church and monastic lands. In the Forest Cantons, patriarchal traditions, mercenary military
service, and the influence of France, the Habsburg Empire, and the Papacy fostered socio —
economic stagnation and reinforced the position of Catholicism. The Forest Cantons remained
untouched by the Reformation.

In the city cantons and allied territories, resistance was mounting among the increasingly
bourgeois burgher class against the ruling guild oligarchies; opposition to the practice of sending
mercenaries to serve in foreign lands was growing, and the influence of humanist ideas was on
the rise. The interests of these circles were intertwined with Europe’s progressive traditions of
socio — economic development. The concept of transforming Switzerland into a broader
federation — spearheaded by Zurich and Bern — was gaining momentum. The University of Basel
was becoming a bastion of humanism and secular culture; during the first three decades of the
16th century, figures such as Erasmus of Rotterdam, Sebastian Brant, and Beatus Rhenanus were
associated with the institution, while publishers like Froben and Amerbach were actively engaged
in publishing humanist literature.

Huldrych Zwingli, his teachingsm, and the completion of the Zwinglian Reformation in
Switzerland

At the forefront of the Swiss Reformation stood Huldrych Zwingli (1484 — 1531) [ Image 2],
who came from a wealthy peasant family and was educated at the universities of Vienna and Basel.
After graduating from the University of Vienna, he taught Latin in Basel, where he became
acquainted with humanist ideas. Zwingli served as a religious leader in the city of Glarus. In 1515,
he served as a chaplain with Swiss troops and took part in the Battle of Marignano, which ended
disastrously for the Swiss; following this experience, he developed a negative attitude toward
mercenary service.
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Image 2. The Zurich reformer Huldrych Zwingli in a portrait by Hans Asper (1549)

He had been advancing his ideas since 1516. His embrace of the Reformation occurred
following Luther’s actions in 1517. Upon returning to Zurich, Zwingli did not immediately sever
ties with the Catholic Church; instead, he largely confined himself to criticizing its doctrines. Unlike
Luther, Zwingli was distinguished by his tolerance, humanism, and dialectical outlook. He favored
synthesis over the mechanical categorization of concepts, regarding phenomena such as nature
and society, or cognition and faith, as various facets of broader, global realities (I believe in order
to understand).

The concept of divine predestination held a central place in Zwingli’s doctrine. It could apply
to all true members of the church (a point of difference between the theories of Zwingli and
Luther).

Like Martin Luther, Zwingli based his teachings on the Bible. He opposed the sale of
indulgences and the veneration of saints. At Zwingli's urging, the authorities in Zurich banned the
sale of indulgences within heir canton. Consequently, Zwingli's relationship with the Pope
deteriorated and was ultimately severed.

Zwingli’s political stance differed sharply from Luther's. A patriot from a young age, Zwingli
grounded his views in republican principles; this was particularly evident in his anti — Habsburg
propaganda. He regarded the implementation of political and social changes as the responsibility
of secular authority. Zwingli considered obedience to tyrants a grave sin.

Zwingli rejected monastic lands and opposed usury and the practices of serfdom; however,
he advocated for the preservation of small —scale property ownership. His teachings spread widely
among burghers, the urban plebs, and the peasantry.

According to Zwingli, secular authority and laws were established to eliminate crime and
wrongdoing; they are just only when they implement divine laws. Otherwise, the government
must be changed. Like Aristotle. Zwingli regarded the aristocratic state as the best form of
government. The authorities, elected annually, were required to rely on the people and Zwingli's
church, and to act in accordance with divine laws.

Zwingli published his reformist principles in 1523 in a pamphlet titled the “67 Articles”.

In January 1523, Zwingli proclaimed his teachings — much like Luther —and presented them
to the city patriciate for implementation. The city council abolished fasting and clerical celibacy,
and ties with the Bishop of Constance were severed. Zwingli renounced temporal authority and
consented to concessions regarding peasants’ feudal obligations, as well as to negotiations
concerning issues such as Anabaptist in Zurich.

In 1523, the magistrate issued a directive regarding the confiscation of church and monastic
properties and the reorganization of the monasteries. Although this directive was carried out, the
obligations of the monastic peasants remained unchanged, giving rice to discontent between the
peasants and the townspeople. That same year, Zwingli emerged victorious in two disputations.
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In 1524 — 1525, the celebration of Mass was halted in Zurich, icons and other sacred objects were
removed from churches, and monasteries were closed with their assets transferred to secular
authorities; the rules for selecting church leaders were altered, allowing the laity to elect the clergy
themselves. Usury was banned, and the hiring of mercenary troops was abolished. Patricians and
nobles were excluded from the fully democratized magistracy. Adherence to Zwinglianism was
made mandatory for all members of the canton.

The Reformation was completed in Zurich in 1525 and triumphed in Bern and Basel in 1528.
While concessions were made to the peasantry in Bern, the political structure in Basel remained
unchanged. Zwinglianism prevailed in Schaffhausen, St.Gallen, and Glarus. The confessional and
political divizion of Swistzerland reached its peak. Protestant alliances (Zurich, Bern, Schaffhausen,
Constance) and Catholic alliances (Schwyz, Uri, Unterwalden, Lucerne, and Valais) wereformed,
and an agreement was reached with Austria.

Emboldened by victory, Zwingli sought to establish a powerful federation of Protestant
cantons and Imperial princes in the heart of Europe. A meeting convened in Marburg in 1529 to
this end ended in failure; Luther, defending his own ideas, refused to compromise with Zwingli.
Unwilling to prolong the matter, Zwingli marched an army to Kappel that same year to break the
resistance of the Catholic alliance and achieved victory. Under the Treaty of Belogor (1529), the
alliance between the Catholic cantons and Austria was dissolved, and the Reformation was
implemented in the jointly administered bailiwicks.

Image 3. The Second War of Kappel (1531)

During the Second War of Kappel in 1531 [Image 3], the objective of dismantling the Catholic
cantonal alliance was not achieved, and Zwingli was killed. Under the Second Treaty of Kappel
(1531), the Protestant cantonal alliances were dissolved. The center of the Reformation shifter to
southwestern Switzerland. Thereafter, the issues of the country's political centralization and
national unity remained unresolved for centuries.

Changing Political Situation

A crisis situation emerged during the first three decades of the 16th century. Uprisings
occurring between 1520 and 1526 put an end to the secular authority of the Bishopric of Geneva.
Geneva's position on trade and strategic routes led to interference in its affairs by France, the
Empire, and Savoy. In response, the city established alliances with Bern. Basel, and Zurich, and the
Reformation party intensified its activities. After the suppression of the 1524 Lyon uprising, French
supporters of the Reformation arrived here. In February 1528, Reformation supporters — led by
the French — born Farel and Froment — triumphed in a public debate. The period from 1532 to
1536 was marked by severe clashes between Catholics and Reformers. Following Farel's victory in
the 1535 debate, the Catholic Mass was abolidhed, and the bishop left Geneva. In 1536, the city
council officially adopted the Evangelical faith. Confiscated monastic property was used for
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charitable purposes. Only Sundays were observed as holidays. Those who failed to attend Sunday
sermons were fined.

The Activities of John Calvin as a Historical Fiqure

Another prominent reformer, John Calvin (1509 — 1564) [Image 4], was active in the Swiss
city of Geneva. He was born in Noyon, Picardy, into the family of a church official — specifically, a
church prosecutor. Wishing for him to become a lawyer, his father sent him to study first at the
University of Bourges and later at the University of Paris. Calvin received a solid classical education,
mastered ancient languages, and became a staunch Protestant. Due to religious persecution,
Calvin left France, living first temporarily in Strasbourg, Germany, and later in Basel. Subsequently,
he was invited to Geneva. His work titled “Institutes of the Christian Religion” (1536) was published
in Basel. In this book, Calvin provided a systematic exposition of the funfamentals of
Protestantism.

Image 4. John Kalvin (1509 — 1564)

In 1536, Calvin, together with Farel, drafted the “Articles on the Govermance of the Church”.
These articles outlined the structure and rituals of the new church. The church was based on parish
communities, with councils of elders and consistories operating at the local level. Coercive
measures were enforced solely by secular authorities, and the nature of their interaction with the
church was defined. A special morality police force was established.

Calvin advocated the principle that church authority should take precedence over state
authority. This policy provoked strong opposition from the burghers of Bern. According to one
account, this was the reason — while another attributes it to a change in goverment — that Calvin
was forced to leave the city alongside Farel. When the position of Calvin's supporters
strengthened again, the new city council recalled him in 1541, and Calvinism became firmly
established in Geneva. Migrants from Northern Italy and France supported Calvin.

In his teachings, Calvin further developed the general tenets of the Reformation. While
Luther and Zwingli had formulated the theory of divine predestination in general terms, Calvin
focused primarily on its absolute and immutable nature. He regarded strict adherence to the
tenets of Calvinism — along with a pious and active life lived in God's name — as the sign of having
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been predestined for eternal happiness. Framing the issue in this way eliminated fatalism and
passivity, convinced Calvinists of their divine election, and inspired them to fulfill their duties with
all their might. Through this, the divinity within the individual manifested itself, independent of
human will.

According to Calvin, a person could be saved from all sins solely through the will of the
Creator. God had predestined some people for salvation and others for destruction. All people in
the world were divided into two categories: the privileged and the wretched. In Calvin’s view, God
became a formidable, living presence that determined the fate of individual human beings and
the world itself.

Calvin’s doctrine was directed against both Catholicism and the radical movements of
popular reformers. He labeled the popular reformers as godless and materialists. Calvin
maintained that one’s fate does not depend on a person’s evil or good deeds. God created some
people to acquire worldly wealth, while others are destined to endure eternal suffering. Individual
effort is of no avail in escaping this suffering; no one has the power to determine their future
destiny, nor can a person alter their fate. According to Calvin, poverty is a test of faith in God. In
this regard, Calvin's teachings fostered passivity and justified a class — based society. He instilled
in the poor the idea that they could improve their circumstances by working diligently for their
masters —an act that would be pleasing to God.

The system of socio — economic and ethical norms within Calvinism was intrinsically linked
to the doctrine of divine predestination. He even attempted to establish a Calvinist colony in Brazil
with the aim of spreading the true faith.

Calvin approached issues regarding the social structure of the state and society with great
caution. He criticized monarchs, princes, and feudal lords for their acts of violence. He believed
that if a head of state established a regime of violence and tyranny, they were thereby violating
religious laws and showing disrespect to the church. Such individuals would, sooner or later, incur
God's wrath. However, Calvin did not extend the struggle against tyranny to the masses. He
assigned this role to the church and a representative assembly — the States General. Calvin
considered democracy the worst form of government and justified an aristocratic structure.
Accordingly, power in Geneva was concentrated in the hands of a select group of people.

According to Calvin, both the individual and society are flawed and imperfect. The state was
established by divine decree to govern them. The ruler’s authority is constrained by divine will and
the necessity of ensuring the welfare of their subjects. Unjust rulers face divine retribution and
popular uprising. Calvin approached the issue of resistance to tyranny with extreme caution,
believing that such a right should belong to representative bodies of the estates. The use of force
was permissible only in exceptional cases where all forms of legal and passive resistance had failed.
On this basis, Calvin did not support the Huguenots™ 1560 plot against the King of France (the
Conspiracy of Amboise). In Calvin's view, oligarchy was considered the best form of government,
while democracy was deemed the worst.

The church had to safeguard its spiritual independence from state authority. The Calvinist
church was organized based on republican principles, Congregations were led by elders — drawn
from wealthy laypeople — and experienced preaching ministers. This council, known as the
consistory, oversaw the religious affairs of the community. Matters concerning Calvinist doctrine
were resolved in special assemblies of ministers called congregations. These congregations later
evolved into local and national synods. Their primary objective was to combat deviations from
orthodox doctrine and to oppose heresy. Deacons were responsible for collecting levies and
allocating funds toward church reserves and charitable activities.

Calvin severely persecuted the Anabaptists. He opposed their demands for the communal
ownership of property and the abolition of all forms of authority, labeling these demands
“shocking barbarity”.
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Drawing conclusions from the political situation in early 16th century France, Calvin initially
advocated for the subordination of secular authority to the church. However, during the course
of the Reformatoin movement in Geneva, he modified his views and accorded significant
precedence to secular authority.

Conclusion

The Swiss Confederation, which took shape as an independent state in the 16th sentury,
became part of the European state system. The Reformation, spreading across Europe at the time,
also extended to Switzerland. Zwinglianism —a movement that primarily reflected Swiss issues —
was ultimately defeated. Its attempt to transcent Swiss borders and become the guiding ideology
for the reforming Swiss cantons and Imperial principalities proved unsuccessful. At the same time,
favorable internal conditions for this were lacking. A crisis soon arose due to the weak foundations
of industry, crafts, agriculture, banking, and trade — industrial companies, a shortage of capital,
and the fact that entrepreneurial activities were largely carried out by citizens of France and
Northern ltaly. Reality demanded adaptation to the new circumstances. Zwingli's successor,
Bullinger, eventually made concessions to Calvin, and this was reflected in the texts of the
common confession of faith.

Geneva became a springboard for Calvinism. During this period, Calvinism — the religion of
the boldest segment of the bourgeoisie — reflected demands arising not merely from the Swiss
cantons, but from pan — European historical processes across all spheres, including social —
ideological priorities and moral norms and codes. Consequently, in contrast to Zwinglianism, it
emerged onto the European stage. Amidst the fierce struggle between progress and feudal
reaction, the republican and organizational principles of Calvinism were employed by French
Huguenots againts absolutism and by Polish nobles against royal authority. Along with its
adherents, Calvinism also spread to the colonies held by European states [Image 5].

Image 5. The map of Switzerland by Hans Conrad Gyger (1599 — 1674), compliled in 1683, was
intended for military purposes and therefore long held the status of classified material

The Reformation teachings in Switzerland were part of a social, political, and ideological
movement that swept across all Western European countries in the 16th century. The two
Reformation movements that emerged in Switzerland did not hold equal historical significance.
Zwinglianism failed to transcend its local context; it gradually lost its militant spirit and evolved
into a typical burgher Reformation.
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Calvinism was a major religious movement that spread across Europe. It became most
widespread in countries transitioning toward the development of capitalism. Calvinism served as
the religious, philosophical, and political ideology of the emerging bourgeoisie. It exerted a
significant influence on the outbreak of the Dutch bourgeois revolution in the 16th century and
the English bourgeois revolution in the 17th century. The Calvinist denomination clearly reflected
the class — based maturity of the bourgeoisie during the era of the manufactory system. Like other
religious ideologies, Calvinism possessed distinctive characteristics. Consequently, it was
embraced by both the bourgeoisie and European feudal circles. They highly valued Calvinism's
socio — ethical and philosophical perspectives, while also leveraging the movement’s republican
and organizational principles to serve the interests of royal governance.
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[TOCTROYEBAA MOAEHTUYHROCTb: 4TO
OCTAJIOCb OT KOYEBOITO MVPA B
CO3HAHNWN TOPOLACKMNX KASAXCTAHLLIEB
XXI BEKA

MwuxanneHko KapuHa AnekceeBHa

CTYZlEeHTKa 2 Kypca obpa3oBaTeNibHOW Nporpammbl « MexxayHapoaHble oTHoweHuA», HAO
«YHuBepcuTeT Hapxo3», Animatbl, KasaxcTaH

AHanprkaHoBa lN'ynbHap AbbinxanposHa

[OKTOP NOAUTUYECKUX HayK, Nnpodeccop, HAO «YHuBepcuTeT Hapxo3», AnmMmaTsl,
KasaxcTaH

CoBpemeHHbIN KasaxcTaH nepexkmBaeT MacClUTabHYO M YCKOPEHHYt TpaHchopmaLmio
COUMANbHOM W KyNbTYPHOW CTPYKTYpbl, CBA3aHHyt0 C ypbaHusauuel, umdposM3aumen u
BK/AtOYeHMEeM B rnobanibHble MPOLECChl. 3a CPAaBHUTENbHO KOPOTKUI WUCTOPUYECKUI nepuos
obLEeCcTBO NPOWAO MyTb OT KOYEBOrO M MOAYKOYEBOrOo 06pas3a KM3HU K AOMWHWPOBAHUIO
ropoAckux ¢Gopm  cywecTsoBaHMA. ITOT MNepexos, OKasancaA He TONAbKO  COLMaNbHO-
9KOHOMMYECKMM, HO W TAYyOOKO  Ky/NbTyPHbIM, 3aTPOHYBWWM  CNOCOObI  MblLUNEHUS,
camouaeHTUOMKaUMM U BOCNPUATMA MMpa. B pesynbTaTe BO3HWMKNO 0CODOe COCTOAHWE, Mpu
KOTOPOM BHElIHe MOZAEPHWU3MPOBAHHOE OOLLECTBO MPOAO/NKAET OMMPaTbCA Ha FNyOUHHbIe
KY/IbTYpHble OCHOBaHMA, COOPMMUPOBAHHbIE B KOYEBOM MPOLLIOM.

B Hay4HbIX MCCNEeA0BaHMAX, MOCBALLEHHBIX WMAEHTUYHOCTM COBPeMeHHOro KasaxcTaHa,
WWPOKO WCMNONb3yeTcA Te3nc o eé€ rmbpuaHoM xapakTepe. [oAYEPKMBAETCA NepensieTeHune
KOYeBOro Hacneams, COBETCKOrO MOAEPHM3AUMOHHOIO OnbiTa W rN06aNbHbIX KY/NbTYPHbIX
BAMAHWA. OAHAKo nofobHble MHTepnpeTauMu 3a4acTytd OCTAlTCA Ha ypoBHE OHOOUWEHHbIX
XapaKTEPUCTUK U HE PACKPbIBAOT MeXaHW3MOB GYHKUMOHUPOBAHWA KOYEBOIO Ky/IbTYPHOIO KOAa
B YC/0BMAX FOPOACKOM cpeapbl. B pe3ynbTaTe KoyeBasa KynbTypa AMOO pacCMaTpMBAETCA Kak
yTpayeHHan Tpaamuma, 1Mbo cBoAUTCA K GONbKAOPHbBIM, CUMBOAMYECKMM W penpe3eHTaTUBHbIM
NPaKTUKaMm, He 3aTparnean rnybuHHbIE YPOBHM CO3HAHMA M NOBCEAHEBHOIO NOBeAEHUS.

HacTtosulee nccnenoBaHMe UCXOAWUT M3 MHOM MCCNeAoBaTeNbCKOM NO3nUMKU. B ueHTpe
BHMMaHMA HaXOAMTCA HE BOMPOC O TOM, COXPaHMIACh I KOYeBasa KyabTypa, @ aHa/n3 TOro, Kakue
MMEHHO 3/IEMEHTbI KOYEBOIrO MMPaA NPOAO/IKAIOT CYLLECTBOBATb BHYTPM FOPOACKON MEHTANIbHOCTH
M KakMm obpas3om OHUM Oblin TpaHCHOPMUPOBAHbLI. Peub MAET O rNyOBUMHHbLIX YCTAaHOBKAx MW
CMbICNIOBbIX CTPYKTypax, KOTOpble peaKOo OCO3HAlTCA CaMMMM  IOAbMW, HO YCTOMYMBO
NPOSABAAOTCA B OTHOWEHMM K MPOCTPAHCTBY, MOOUABHOCTM, COLUMANbHOW MNPUHAANENRHOCTH,
KONNEKTUBHOCTU, CBODBOAE M aBTOHOMUMW. DTU SNEMEHTbI HE BOCMPON3BOAATCA HANPAMYHO, OAHAKO
NpPoAoMKatOT GYHKLUMOHMPOBATb Kak BHYTPEHHWI KyAbTYPHbIN KOA, BAMAKOWMI Ha MOBCEAHEBHbIE
NPaKTUKM 1 GOPMbl caMonaeHTUOUKaUMN.

AKTyanbHOCTb [OaHHOM TemMbl 0OOycnoBMeHa Tem, 4YTO npoueccbl ypbaHusaumm u
rnobannsaumm B KasaxcTaHe NPOUCXOAAT C BbICOKOM CKOPOCTblO, GOPMMPYA HOBble TWMbI
rOPOACKON KyNbTYpPbl U COLMANBHON MOBUABHOCTH, OCOBEHHO Cpean MONOAEXKN. B 3TUX ycnoBumax
NOCTKOYEBAA MAEHTUYHOCTb HE TOIbKO He McYe3aeT, HO NpuobpeTaeT HOBble GOPMbI BbIPAXKEHMA,
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BK/toYaA UM POBble NPAKTMKKU, CMMBOAMYECKOE OCBOEHWME MNPOCTPAHCTBA W afibTEPHATUBHbIE
MOZENN COLMANbHOM CBA3AHHOCTN. AHANM3 3TUX NPOLECCOB MO3BOASET NO-HOBOMY B3I/ISHYTb Ha
cneunduKy  KasaxCTaHCKOM  MAEHTMYHOCTW, BbIXOAA 3@ PaMKM  MPOTMBOMNOCTABAEHMS
«TPAAMUMOHHOIO» N KCOBPEMEHHOTOY.

Llenbto cTaTbM ABASETCA BbIABAEHWE U MHTEPNPEeTaUmMa TPaHCHOPMMPOBAHHbLIX 3/1EMEHTOB
KOYE€BOro CO3HaHMs, COXPaHUBLLMXCA B YCNIOBMAX FOPOACKON cpeapbl KasaxctaHa XXI Beka, a TakKe
onucaHMe MexaHM3MOB WX afanTauuMm K COBPEMEHHOW couManbHOM peanbHocTU. OO6beKToM
nccnesoBaHMA BbICTyNaeT MAEHTUYHOCTb FOPOACKMX Ka3axXCTaHUEB, MPeAMETOM — MOCTKOYEBbLIE
KY/IbTYPHbIE YCTAHOBKM, MPOABAAOLINECA B MbILUAEHUN, MOBEAEHNN U CUMBOMYECKMX MPAKTUKAX.

TeopeTUyeckyld  OCHOBY  MCCNe[OoBaHMA  COCTaBAAOT  KOHUEenuuu  rmbpuaHbixX
NAEHTUYHOCTEM, KYAbTYPHON MNaMATM U MOCTTPAAMLUMOHHbLIX OOLWIECTB, a TaK¥e Tpyabl Mo
aHTPOMONIOTMN  KOYeBbIX UMBUAM3aUMI EBpasmm. MeTogonormyeckm paboTa onupaetca Ha
MeXANCUMNANHAPHbIN NHTepNpeTaTMBHbIN noAaxoa, MO3BO/IAOLLNM paccmaTtpuBaTb
MAEHTUYHOCTb KaK [AMHAMMYECKyld W MHOTOYPOBHEBYK CTPYKTypy. Hayd4Haa HOBM3Ha
MccnefoBaHMA 3aKAOYaEeTCA B PAaCCMOTPEHMM MOCTKOYEBOW WAEHTMYHOCTM He KaK clefa
MCTOPMYECKOrO MPOLWJIOro, @ Kak aKTUMBHOTO KyAbTYPHOrO MeXaHW3Ma, CTPYKTYPMPYHOLWLErO
COBPEMEHHYI0 FOPOACKYH0 MEHTabHOCTb Ka3saxcTaHa.

3y4eHne NoCTKOYEeBON MAEHTUYHOCTM B COBPEMEHHOM ropoackom obliecTse KaszaxcTaHa
npeacTaBnaeT cobor MeXAMCUMNAMHAPHOE HanpaBAeHWe, nepecekatollee KyabTypooruio,
coumonornto, ypbaHUCTnKy 1 UmMbpoByto aHTPONOAOTNI0. JIUTepaTypPHbIA MacCKB, NOCBALLEHHbIN
[aHHOW TemMe, OXBaTbIBAET KaK MCCNel0BaHMA TPAAMLMOHHON KOYEBOWM KyAbTypbl, Tak U paboTsbl,
NOCBALLEHHbIE TPAaHCHOPMALMM KYAbTYPHbIX KOAOB B YCN0BMAX YpbaHM3aLumMmn 1 umMdpoBmU3aLLMN.

OOHUM M3 KNKOYEBbIX HAMpaBAEHW B MUCTOpUOrpadum sBAAETCA M3ydyeHuMe Hacneama
Ko4yeBOro obpasa KM3HW 1 ero BAMAHUA Ha COBPEMEHHbIe COLManbHble MPaKTUKK. B paboTax Takmx
nccneposaTeniel, Kak XasaHos (2016) 1 MacaHoB (1998), noa4épKMBaeTcs, YTO Ko4yeBas 0T1Ka
— OpWeHTauua Ha NyTb, MODBUIbHOCTb, AaBTOHOMMUIO W KOANEKTUBHYIO OTBETCTBEHHOCTb —
COXPaHAETCA B CO3HAHUM NIOAEN AayKe Noc/e Nepexoa K oceanomy obpasy *u3Hu. Mo MHEHMIO
Xa3aHoBa, nepexos K 0CeasiocTU He YHWYTOXKaeT HOMaAMYecKoe MblLAEHWE, a NNlb MeHAeT
dopmbl ero nposasneHuns (XasaHos, 2016). MccnenoBaHns MacaHOBa Tak»Ke MOKa3blBaOT, YTO
POAOBaA CTPYKTypa, YTPATMB BHELLIHME colManbHble GYHKLMK, NPOAOMKAET OKa3bliBaTb BAMAHME
Ha NCUXOI0TUIO U cnocobbl B3aMMOAENCTBMA B rOPOACKUX coobliecTBax (MacaHoBs, 1998).

OpyrMm HanpaBneHWEM SABASETCA U3yvyeHWe TMOPUAHbIX MAEHTUYHOCTEN W MPOLECCOB
NOCTTPaAMUMOHHbIX obuiecTB. Pabotbl MmaaeHca (2000) u bxabxu (2011) paccmaTpuBatoT
MAEHTUYHOCTb KaK AMHAMWYECKYIO KaTeroputo, GopMUpyemyto Ha CTblKe TPaAMLMOHHOIO W
COBPEMEHHOTr0, JIOKaNbHOTO 1 rN06abHOr0. B Ka3axCTaHCKOM KOHTEKCTe 3TO NPOABASETCA B TOM,
YTO rOPOACKME KUTEIM OAHOBPEMEHHO COXPAHAIOT IMOLIMOHANBHYHO CBA3b C «POAOM» U CTEMbIO,
YyYyacTBYIOT B UMPPOBON KyAbType M MUCNOAb3YIOT r100anbHble couyanbHble MNPaKTUKKU. Kak
oTMe4yaeT bxabxa, MPOCTPAHCTBO MEXKAY KYy/bTypaMmn ABAAETCA MCTOYHUKOM HOBbIX GOpM
naeHTMYHOCTK (bxabxa, 2011), 4To HEenocpeACTBEHHO COOTHOCUTCA C PEHOMEHOM MOCTKOYEBOM
NOEHTUYHOCTW.

OTaenbHoe BHMMaHMe yaenaeTcs UccaefoBaHMi0 ropoackoin MoBMAbHOCTM 1 eé ponn B
TpaHcPopMaLMKM KoueBblx ycTaHoBOK. Kactenbe (2001) noadepkmBaeT, YTo B ceTeBomM obLiecTse
MPOCTPAHCTBO MOTOKOB Ha4YMHaeT AOMMHWMPOBATb Hajd MPOCTPAHCTBOM MECT, YTO B KOHTEKCTe
KazaxcTaHa Mo3BOJIAET TPAKTOBATb FOPOACKYO XM3Hb KaK MPOAO/IKEHME KOYEBOrO MbILIIEHMUSA,
roe MobMAbHOCTb M CMeHa COLMaNbHbIX POEN ABNAOTCA OPraHWYHOM YacTblo MAEHTUYHOCTM.
AHanns xxymaHoBsa (2022) n Axmetosoi (2020) noKasbIiBaeT, YTO MONOAEKb aKTUBHO UCMONb3YET
undposble nnaTGOpPMbl, ColUManbHble ceTM W GPWUNAHC, BOCMPOM3BOAA KOYEBYKD JIOTUKY
aBTOHOMMU N ABUKEHWNSA B COBPEMEHHOM UMDPOBOM KOHTEKCTE.
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MHOroYMcneHHble MccnefoBaHMA MOCBALLEHbI POAM POAOBOM JOTUKM M COLMANbHbBIX
cBAsern B ropoackoi cpeae. CendpynnmH (2018) n Wapunosa (2019) noayepKkmMBatoT, Y4TO XOTA
NpAMoOe BOCMNPOM3BEAEHNE POAOBbLIX CTPYKTYP MCYE3/10, MX MCUXONOTMYECKME WU CoUMabHble
GYHKUMM  COXPaHAIOTCA Yepe3 3MOLMOHANbHble CBA3M, B3aMMOMNOMOWb U GOpPMUpPOBaHME
BPEMEHHbIX coobuiecTB. 3Ta TpaHchopmauma NO3BONAET FOBOPUTb O COXPAHEHUM K/KOYEBBIX
CMbIC/IOBbIX KOJ0B KOYEBOIr0 CO3HaAHMA, HO B aaNTUPOBAHHOM, CUMBO/IMYECKOM popMme.

[pyrMm acnekTom AUTEPATYPHOrO AMCKYpCa ABAAETCA CMMBO/IMKA CTEMW B TOPOACKOM U
undposoi Kynbtype. Kynmesa (2013) oTmeuaeT, 4yTo 00pa3 cTenun NPOAOANKAET BbIMNOAHATbL
GYHKUMIO BHYTPEHHErO0 CMMBO/IMYECKOTO MPOCTPAHCTBA CBOOOAbBI, KOTOpPOEe BblpaxKaeTcs B
3CTETUMKE MY3blKM, BM3yaslbHbIX MeauMa M CcouManbHbiXx ceTel. B undpoBOM KynbType 3TO
NposBAAeTCA 4epe3 BM3yasibHble MPAKTUMKM, MeMbl M BUAEOKOHTEHT, dopmupytouime
SMOLMOHAMbHYIO M KY/JIbTYPHYIO CBA3b C Tpaauumen kodesoro mupa (Hypranmesa, 2020;
OxxymaHos, 2022).

[MoKoNeHYeCcKoe M3mepeHmne NOCTKOYEBOM MAEHTUYHOCTM ABNAETCA elé OAHUM Ba*KHbIM
HanpasneHnem. MyxamenskaHosa (2021) NoKa3blBaeT, YTO CTapllee NOKOAEHNE OCO3HAET CBA3b C
KOYeBbIM MPOLWAbIM Yepe3 MamATb, CEMEWHbIe WCTOpUM W cobntoaeHWe TPAAMLMOHHbLIX
ueHHocTen. CpeZiHee NOKONEHNE UCMNONb3YET 3TU YCTAHOBKM A4 aAanTalMm K TOPOACKOM KM3HM,
dopmmpya rmbpuaHble moaenn nosedeHMA. MonoaéKb Ke NpPoABAAET  MOCTKOYEBYHO
MOEHTUYHOCTb B CKPbLITOM, CMMBOAMYECKON dopme, Yepe3 MOBUNBbHOCTb, UMPPOBbIE MPAKTUKM U
y4yacTue B aMOLMOHaNbHO 6a13KMX coobulecTsax (Ocynos, 2021; AxmeTtosa, 2020).

0606uLan nuTepaTypHbll 0630p, MOMHO BbIAENNTb HECKOBbKO KIKOYEBbIX TEHAEHLUMA
Hay4YHOM AOMCKyCCMM: COXpaHeHue rNyOUMHHbIX YCTAaHOBOK KOYEBOrO CO3HaHMA (MOOWAbHOCTb,
aBTOHOMMA, POAOBAA MPUHALNENKHOCTb) B TFOPOACKOM cpede; GopMMpoBaHMe TMOPUAHOM
MAEHTUYHOCTU B YCI0BMAX NOCTTPAAMLMOHHOIO obulecTsa 1 rnobannsaumm; agantauma poLoBow
NOTWUKM U KONNEKTUBHOM OTBETCTBEHHOCTM B GOPME 3IMOLIMOHANBbHO OAM3KUX U BPEMEHHbIX
COOOWECTB; CMMBO/NIMYECKOE COXPAHEHME CTEMHOro MPOCTPAHCTBA KaK  Ky/JbTYpHOrO U
3CTETMYECKOro  Koda; nepedada  MOCTKOYEBOM  WMAEHTMYHOCTM  Yepe3  MOKO/MeHMs B
a[anTMPOBaHHOM, HEOCO3HaHHOM dopme; LMdpoBasa cpeda Kak HoBadA cpeda GYHKLMOHMPOBAHMS
NOCTKOYEBOM MAEHTUYHOCTU.

Takum 0bpasom, 0630p AnTepaTypbl AEMOHCTPUPYET, YTO NOCTKOYEBAA MAEHTUYHOCTL B
coBpemeHHOM KasaxcTaHe ABASETCA  YCTOMYMBOM  Ky/AbTYPHOM  KaTeropuen, KoTopas
TpaHchopmMpyeTcA B YCNOBMAX ypbaHM3auMu, UMPPOBM3aAUMM W TN0DabHbLIX MNPOLLECCOB,
COXPaHAA MPW 3TOM K/tOYEBLIE MEHTA/IbHbIE YCTAHOBKM KOYEBOro npownoro. Ana aanbHenwmx
MCCNeOBaHUI BaXKHO Y4YMTbIBaTb KaK CTPYKTYpPHble M3MEHEHWA TOPOACKOW cpefbl, TaK W
MNCUXONOTMYECKME U CUMBOIMYECKME MEXAHU3MbI Mepeaadm KyabTypHOro Hacneams.

[aHHOoe nccnefoBaHNE HOCUT TEOPETUKO-MHTEPMNPETATMBHbIN XapaKTep M HanpaBaAeHO Ha
aHa/M3 MOCTKOYEBON MAEHTUYHOCTM KaK Ky/AbTyYpHOTo KoAa, GYHKUMOHWMPYIOWEro B YCNOBMUAX
ropoackon cpedpl KasaxctaHa XXI Beka. MeToAon0OrMyeckMin  Mnoaxod OCHOBaH — Ha
MEXKANCUMMINHAPHOM CUHTE3e Ky/AbTYpPOaOrMW, COLUMANbHOW aHTPOMOIONMM, COLMONOTUN U
nccneaoBaHMn ropoaCKon 1 LMGPOBOM KyIbTYPbI.

TeopeTnyeckoi 6a3oi McCcNenoBaHUA MOCAYKMAM KOHLEMUUW KyAbTypHOM namatn (A.
AccmaH), nocTTpagnuUmMoHHoro obuwectsa (3. M'mageHc), rmbpuaHbix naeHTuuHocten (X. bxabxa),
ceteBoro obuiectsa M mobunbHocTM (M. KacTenbc). 3TM noaxobl MO3BONAIOT PAaCCMaTPMBATb
MOEHTUYHOCTb HE KaK CTAaTUYHYIO XapaKTEPUCTUKY, a KaK AMHAMMYECKYKD CMCTEMY CMbICNOB,
TpaHCOOPMMPYIOLLLYIOCA B YCNOBUAX ypbaHM3aUMM N LMPPOBM3ALUN.

OMNUPUYECKMM  MaTepuManomM MUCCAeAO0BaHMA  BbICTYMAKOT  Ky/NbTypHble TEKCTbl W
CMMBOIMYECKME NPAKTUKKM, PENpe3eHTUpYoWMe TFOPOACKYH WMAEHTUYHOCTb: MeAMaTEeKCTbI,
BM3YyasbHbI  KOHTEHT  couMmanbHbix ceTei  (Instagram, TikTok), Xy4o»KecTBeHHble W
nyeanumcTMyeckme  maTepuanbl, a TaKKe OMWCAHWA  COBPEMEHHbIX  COLMANbHbIX WU
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NpodeccnoHanbHbIX NMPAKTUK FTOPOACKOM MONOAEXM KazaxcTaHa. AHa/NM3 OXBaTblBaeT NEpPUOL,
2018-2024 rr., 4TO NO3BOASAET NPOCAEANTb aKTyaNbHble GOPMbI BOCNPOM3BOACTBA MOCTKOYEBOTO
Ky/NbTYPHOro KoAa.

OCHOBHbIMM METO4AaMW UCCNeA0BaAHUA ABNAIOTCA KAYeCTBEHHbIN MHTepnpeTaTUBHbIN
aHann3, ANCKYPCUBHbBIN aHaNM3 KYAbTYPHbIX HAPPATMBOB M CMMBOJIOB, @ TaKKe CPAaBHUTENbHbIN
aHaNM3 MOKONEeHYeCKMx moaenen maeHTnyHoctn. Ocoboe BHMMaHME yaAenAaeTcs BblABNEHMUIO
YCTOMYMBBIX CMbIC/IOBbIX CTPYKTYP (MOOBMABHOCTb, MyTb, POAOBAA /IOTMKA, KONNEKTUBHOCTb,
aBTOHOMMSA), KOTOPbIE COXPAHAOTCA BHE pPeasbHOro KOYeBOro ObiTa U NPOABAAIOTCA B FOPOACKOM
n undbposoi cpeae.

Bbibop [AaHHOM meToAo/iorMnM 0bYyCNoBAEH 3adayeit BbISBUTb He BHellHWe ¢GOopMbl
BOCMPOWM3BOACTBA TPAAMUMM, @ BHYTPEHHME KyAbTypPHblE YCTAaHOBKM, WHTErpMPOBaAHHbIE B
NoBCEAHEBHOE MbIlWJEHNE W MPAKTUKM TOPOACKMX KuTenen. TakoM noaxod MO3BOAAET
PacCMaTpMBaTb MOCTKOYEBYIO MAEHTUYHOCTb KaK aKTMBHbIM KyAbTYPHbIM MEXaHW3M, a He Kak
CMMBO/IMYECKOE Hacneame Uan AeKOPaTUBHbIN 3N1eMEHT HaUMOHANbHOW KyAbTypbl.

MocTKoYeBaA MAEHTUYHOCTb He ABAAETCA MPAMbIM HacaeAMeM KOYEeBOW KyAbTypbl, HO U He
CBOAMTCA K €€ MCHEe3HOBEHMIO. ITO HOBaA pOPMa CyLLECTBOBAHMA CTapblX CMbICI0B B FOPO/ACKOM
cpene, roe OHW aaanTMpoBanuMCb K peanmam XX| Beka. NocTkoyeBaa MAEHTUYHOCTb — 3TO He
HOCTanbrMA MO CTENU WM AEeKopaTMBHOE BOCMPOM3BEAEHWE TPaAMUMM, a aKTMBHAA cUCTema
CMbIC/IOB, BAMAIOLWLAA Ha MOBEAEHME, MblWAeHWe, COUManbHble MPAKTUKU U CUMMBOJIMYECKYIO
M3Hb COBPEMEHHOrO Ka3axCTaHLa.

FOpPOACKON Ka3axCTaHel, XMBET B NOTMKe «U-u», 0bbeamHAAa B cebe NpoOTMBOpPEYMBbIE
Ka4yecTBa: OH OAHOBPEMEHHO COBPEMEHHbIM M TPAAMLMOHHBIN, PAaLMOHANbHbIM M SMOLMOHABbHO-
KOZ0BbIM, UHAMBUAYANbHbIA U POAOLEHTPUYHbIN. Takoe COCTOAHME He ABNAETCA KOHGNMKTHBIM, a
npeactaBnAaeT coboi ectecTBeHHyt0 GOpPMYy COLMANBHOTO CyLLECTBOBaHMA 0bLLecTBa, KOTopoe
BCero 3a 0Z4HO NOKO/IEHWE NPOLWIO NyTb OT KOYEBOM KyNbTypbl K ypbaHM3aLuK.

ccnenoBaTeNnbCKUii MHTEPEC 3aKN0YAeTCA He B BbIACHEHMW, COXPAaHWANCL M KOYeBble
NPaKTUKKN B BYKBA/NIbHOM CMbIC/E, @ B TOM, KaK 3TW NPaKTUKM U LLEHHOCTN TPAaHCHOPMMPOBANUCD,
KaK OHW OYHKUMOHWMPYIOT B COBPEMEHHbLIX FOPOACKMX peannax. HecmoTpsa Ha oOTcyTcTBuMe
PeaNbHOro Ko4YeBoro 6biTa, B CO3HAHWM NOAEN COXPAHMIUCL HECKONBKO MNYOUHHbBIX YCTAaHOBOK,
KOTOpble NPOABAAKTCA B MOBEAEHUM, MbILUAEHNMN, COLUMANBHBIX OXMAAHUAX U Aaxe UndpoBoM
Ky/nbType.

OAHUM M3 LUEHTPANbHbLIX NPOABAEHMIA MOCTKOYEBON MAEHTUYHOCTU ABAAETCA BOCNPUATUE
npocTpaHcTBa 1 NyTh. flopoackol Yenosek XX| BeKa He KUBET B OPTE M He NepemellaeT cTaja no
CTeNsAM, HO €ero MbllWAeHNe MNPOAO/IXKAET ONMPATbCA Ha KaTeroputo MnyTM — Kak CMMBOAA
OBWXKeHMA, cBobOAbl, /NMYHOM  aBTOHOMWMW. MoNoAENKb CTPEMMUTCA K MODBMIBHOCTH,
NyTELWeCTBUAM, SKCNEPUMEHTUPOBAHUIO C KAPbePOM M y4ebOoM, MOMCKY BOSMOMKHOCTEN «yexaTb —
BEPHYTbCA — CHOBA yexaTb». 3Ta NoTpebHOCTb K cBOOOAE He ABAAETCA 3anaHon MOJOoW, a
rNyOUHHBIM ~ HacneaMemM  KOYEeBOrO  MblleHWA, nepeBeAéHHbIM B A3blK  rnobanbHoOM
ypbOaHN3NPOBAHHOM KU3HMN.

[OpyrMm BakHbIM acneKTOM ABAAETCA POAOBas /0rMKa. B ropoAckon cpeae npsamble
POAOBbIE CTPYKTYPbl MepecTatoT ObiTb COUMANbHbIM MEXaHM3MOM, HO TAybUHHOE ollylleHue
NPUHAANENKHOCTM COXPaHAETCA M NpoaBadeTca B GOPMMPOBAHNM TOPOACKMX MUHN-0BLLHOCTEN,
OCHOBA@HHbIX Ha 9MOLIMOHANbHOM BAN30CTM N B3aMMHON Noaaep KKe. Poa Kak ncmxonornyeckasn
ornopa CTaHOBUTCA MHCTPYMEHTOM COUMANbHOW MAEHTUOUKAUMM, BAMAA HA APYXKECKME CBA3M,
npodeccrmoHanbHble coobulecTsa 1 Aaxe LMdPoBOe B3aMMOAENCTBME Yepes CoLManbHble CETH.

Take Ba*KHO OTMETUTb COXPaHeHWe LEeHHOCTEN TrOCTENPUMMCTBA, KOMNEKTUBHOCTU U
YBaXEHWMA K CTAapWWM, KOTOpble B TOPOACKUX peanunax TpaHCHOPMMPYIOTCA B MNPAKTUKK
coumanbHoM rmbkocTn. CnocobHOCTb ObICTPO HaxoaUTb OOLWMI A3bIK, 0ObEAMHATLCA BOKPYT
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NPOEKTOB, NOAAEPKMBATb TEX, KTO OKa3aacA B TPYAHOM CUTyaLLMKN, AEMOHCTPUPYET, YTO KOYEBOM
KOZ, BbIXXWA, HO B HOBOWN QyHKLMOHaNbHOM dopme.

HakoHel, obpa3 cTenn Kak CMMBOA BHYTpeHHel cBobOAbl M KOPHEM aganTMpoBanca B
KyNbTYPHYIO W acTeTudeckyto cdepy. OH NpPoABAAETCA B My3blKe, KMHO, MO33UN U UMPPOBbLIX
npaKkTuKax, Takkx Kak TikTok u Instagram, roe monoaéKb co3gaeT BM3yasbHble M HAPPATUBHbIE
obpasbl HBeckpalHMX MPOCTOPOB, BHYTPEHHEN rapMoOHMM M aBTOHOMHOCTU. CTenb cTasna He
dU3NYECKMM, @ CMMBOIMYECKMM MPOCTPAHCTBOM BOODOparkeHUA, yepes KOTOPOe COXpaHAeTcA
CBA3b C NMPOLU/bIM.

MocTKko4eBas MAEHTUYHOCTb GOPMMpPYET TMOPUAHYIO CTPYKTYPY COBPEMEHHOTO CO3HAHMSA,
rae NpoLwioe M HacToAllee NepensieTatoTCa, Co34aBadA YHMKANbHbIA KyNbTypPHbIA KOA. ITa YacTb
CTaTbW CO342ET OCHOBY A/1A Aa/bHENLLEro aHaNM3a KOHKPETHbIX MPOABAEHMN KOYEBbLIX KaTeropuii
B FOPOACKOM cpefie, MOKONEHYECKMX Pa3nnMymMii n UuMbpoBOM afanTalmm KOYEBOro Hacneams,
KoTopble ByAyT pacCMOTPEHbI BO BTOPOW M TPETbEN YaCTAX OCHOBHOW CTaTbM.

CoBpeMEHHbI ropoAcKoM Kutenb KasaxcTaHa XMBET B NPOCTPAHCTBE, IAe KOYEBOM KO,
NPOABNAETCA B CaMbIX Pa3HbIX, MHOTAA HE3aMETHbIX acneKkTax NOBCEAHEBHOM »KM3HW. [NaBHas
0COHEHHOCTb MOCTKOYEBOM MAEHTMYHOCTM 3aKNKOHAETCA B TOM, YTO OHA HE Bblpa*kaeTca HanpAmyto
yepes TPaAMUMOHHbIE MPAKTUKM WMAM BHELWHWE CMMBOJIbI KOYEBOTO MMpa. Bmecto asToro eé
31EMEHTbl WMHTErpMpoBaHbl B MOBCEAHEBHblE pPEeLIeHWs, CcoUManbHble B3aMMOAENCTBMA W
OpPraHM3auMIo TMYHOTO BPEMEHM.

OZHMM M3 KAKYEBbIX MPOABAEHUI OCTAETcA MOOMNBLHOCTb. B OT/iMYmMe OT 3anagHoro
npeacTaBNeHNA O NepemelleHUn Kak HeobxoAMMOCTU MAU 3N1eMeHTe Kapbepbl, MOBUAbHOCTb
FOPOACKMX Ka3axCTaHUeB WMMeeT rnyboKMe KyabTypHble KOPHW. Monoaéxb paccmatpusaeT
nepeesapl, NyTEWECTBMA U CMeHY PaboTbl He NPOCTO KaK aZanTauuio K 06CTOATENbCTBAM, a Kak
ecTecTBEHHOe NPOLO/IKEHWEe BHYTPEHHEro KOYeBOro nyTu. JTO MPOABAAETCA B MPMBbLIYKE K
«MWHWU-NYTELIECTBMAMY, KOMAaHAMPOBKAM, CMEHe PaMOHOB MPOXKMBAHMA UK Aaxe roponos bes
OlLLyLLEeHMA pa3pblBa C KOPHAMWU. B couManbHbIX CETAX aKTMBHO AEMOHCTPUMPYHOTCA MapLpyThbl
noesaoK, ¢otorpadmm € PasnMYHbIX TOYEK CTPaHbl M MMPa, YTO OTParKaeT CTpemaeHue K
MCCNef0BaHUIO U OTKPbITMIO HOBOTO, CXOXee C KOYeBbIM OCBOEHWEM MPOCTPAHCTBA.

He meHee BaXHa couMaNbHasa CTPYKTypa, TPAaHCPOPMMPOBAHHAA M3 POAOBOMN IOTMKM
KoyeBoro obuiectBa. B coBpemeHHbIX TFOPOACKMX YCN0BMAX poa Oonblie He BblINOAHAET
MHCTUTYUMOHaNbHble  QYHKUMKM, HO MNPOAO/KAET CyLLeCTBOBATb KaK MCUXONOrMYecKas U
Ky/NbTypHasa matpuua. /lloan GoOpMUPYIOT «CBOM KPyrn» B paboumx KoNNeKkTMBax, y4ebHbix rpynnax
AW OHNalH-coobulecTBax, rae AoBepue, B3aMMOMOMOLLb M SIMOLUMOHANbHaA 6aM30CTb UrpatoT
pelwatoLlyo posb. Hanpumep, monoapie cneumanuctoel IT-chepbl co3gatoT HepopmasbHbie
KOMaHbl, 0ObeAMHAACh A1 COBMECTHOM paboTbl Hag npoekTamu, obmeHa OnbITOM WK
NOAAEPKKN B CNOMKHBIX CUTYaUMAX — 3TO COBpeMeHHas Gopma CUTYaTUBHOM KONNEKTUBHOCTM,
XapPaKTEPHOM A1A KOYeBbIX COOBLLECTB.

LinbpoBaa cpega ctasna HOBbIM MPOCTPAHCTBOM KO4YeBOro onbita. OHManH-NAaTGopMb,
COUCETM M MeCCeHAXepbl MO3BONAKT OAHOBPEMEHHO Y4aCTBOBATb B HECKO/IbKMX «COLMANbHbBIX
NPOCTPAHCTBAx», YTO BOCMPOM3BOAMT MODOUABHOCTbL M MHOFOMIAHOBOCTb KOYEBOro MMPa.
MonoaéXb aKTMBHO  WMCMNO/b3yeT BO3MOMHOCTb ObiTb  4acTbtd  Pa3HbIX  KY/NbTYpPHbIX,
npodeccnmoHanbHbIX M COLMANbHbBIX KOHTEKCTOB, COXPaHAS MPM 3TOM OLLyLIEHME LIEeOCTHOM
naoeHTMYHocTK. Lindposoit KoueBHMK, paboTalowmin yaanéHHo, CO3A4aéT XM3Hb MO NPUHLMNY
«NyTb BaXKHEE MecTa», YTO YAMBUTEIbHO TOYHO OTPAXKAET CTPYKTYPY KOYEBOTO CO3HAHMA: YENOBEK
OHOBPEMEHHO aBTOHOMEH M CBA3aH C COOOLLECTBOM.

Ocoboe BHMUMaHWe cneayeT yaennUTb ToCTENPUMMCTBY U KONNEKTUBHOM OTBETCTBEHHOCTY,
KOTOpble B TFOPOACKMX YCNOBMAX TPAHCOOPMMPYHOTCA B MPAKTMKM COLMANbHOM TMOKOCTMW.
Hanpumep, *XUTEeNM MHOTO3TaXKeK M apeHA0BaAHHbIX KBAPTMP aKTMBHO NMOALAEPKMBAIOT coceael,
0ObeANHAIOTCA BOKPYr MNPOEKTOB WMAM BOJOHTEPCKMX WHULMATMB, MOMOratoT B KPWU3UCHbBIX
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CUTYyaumax. 3tm Gopmbl B3aMMOAENCTBMA He 3aKkpenneHbl OpManbHO, HO NPOABAAIOTCA Yepes
JINYHbBIE MHWUMATMBLI M IMOLMOHA/IbHbIE CBA3W, OTPaKaa CTPYKTYpPHble MPUHLMMAbI KOYEBOro
obulecTBa: cnocobHOCTb 0O BEANHATLCA BPEMEHHO pPaan obLLeN Lenu.

[pyroi BaxHbIM anemeHT — obpa3s cTenu, KoTopbi B ropoackon cpede dyHKUMOHUPYET
KakK CMMBO/ BHYTPeHHen cBOb6OAbl M 3MOLIMOHANbHOM TYyOUHbI. B BM3yanbHON M My3blKaabHOM
Ky/bType MOJIOAENKM CTeNb CTana 3CTeTMYecKMm obpa3om: aTo npossaaetca B KoHTeHTe TikTok,
YouTube, My3blKanbHbIX KAMMax, YAMYHOM McKyccTBe. CTenb He BOCMPMHMMAETCA Kak
reorpadmyeckas AaHHOCTb, @ KaK MPOCTPAHCTBO A1 BOOOParKEHUA U IMYHOM aBTOHOMMU, CUMBO
KOpHeM, BHYTPEHHErO MNOKOA U LUMPOTbI }KU3HEHHOM NEPCNEKTUBDI.

TakKe COXpaHAeTCcA NOrMKa MyTW, KOTOpas MPOABAAETCA B TMOKOCTU KM3HEHHbIX
cueHapueB. Monoaple  KasaxCTaHUbl He  BOCMPUHMMAKOT  M3Hb  KaK  JIMHENHYIO
nocnenoBaTeNbHOCTb:  0bpasoBaHuWe, paboTa, cembsA, CTabuabHOCTb. HanpoTuB, CmeHa
npodeccnin, aononHUTeNbHoe o0bpa3oBaHMe, MNyTEWeCTBUA UM NEePecMoTP /JIMYHbIX Uenen
BOCMPUHMMAIOTCA KaK eCcTecTBEeHHaA YacCTb CyLL,eCTBOBAHMA. ITa YCTaHOBKA HaNpAMYyHo CBsizaHa C
KOYEBbIM LIMKNIOM KMU3HW, TAe ABMKEHWE M aaanTauma 6blan 3a10romM BbIXKMBAHMA M COLMANBHOIO
ycnexa.

B noBceaHEBHOM NpaKTMKe TOPOACKOro YesoBeKa KOYEBOW Ko, MpoABAAETCA M B
coupanbHbIX meamna: BbiIbop Kpyros obLLEHMA, BUPTYabHbIX COODLLECTB, y4acTMe B TEMAaTUYECKNX
rpynnax. 3TM  umdpoBble  CBA3M  BOCMPOM3BOAAT  POAOBYD  MPUHAANENKHOCTb B
MOZEPHN3NPOBAHHOM GopMe. YHACTHUKM COOBLLECTB LLEHAT SMOLMOHaNbHYO 61M30CTb, A0BEPME
M NoAAEPHKKY, a He dopManbHble POan U 06A3aHHOCTK. TakMMm 06pa3om, poa TpaHchopmupyeTca
M3 BHELUHEN COLMANbHON CTPYKTYPbI B BHYTPEHHIOK MCUXONOMMYECKY0 MOAEb.

MOXHO OTMeTUTb, YTO TFOPOACKaA cpeda KasaxcTaHa He paspyllaeT KOYeBOM Kof, a
TpaHchopmupyeT ero. MobumnbHOCTb, LMbpOoBble COOBOLLECTBA, KONNEKTUBHbIE MPAKTUKM, SCTETUKA
CTenn M N0rMKa NyTM — BCE 3TU 3/1EMEeHTbl CO34A0T YHUKANbHYIO KYAbTYPHYHO cpeay, rae
NOCTKOYEBAA MAEHTMYHOCTb NPOABAAETCA B MOBCEAHEBHOM XM3HWU. [OpoACKOM xutenb XX Beka
XMBET B YC/NOBMAX C/IOXKHOIO B3aMMOAEMNCTBMA TPaAMLMM U MOAEPHOCTW, TAe KOYEeBOW Kop,
NPOoAO0/IKaeTCcs B HOBbIX GOpMax, aAanTMPOBaHHbIX K LLUPPOBOMN 1 rNobanbHOM peanbHOCTM.

OaHMMm 13 Hambonee 3aMeTHbIX NPOABAEHMA MOCTKOYEBOM MAEHTUYHOCTM B FOPOACKOM
Ky/NbType ABNAETCA CMMBO/IMKA CTENM M NPUPOAHbIX 06pa3oB. XOTA COBPEMEHHbIN ropoACKOM
XUTENb MOYTM HUKOrAa He CTa/IKMBAETCA C peasibHOM CTenbto B ObITOBOM KM3HM, OHA COXpaHAeTCA
B CO3HAHWM KaK NPOCTPAHCTBO BHYTPEHHeN cBOBOAbl M IMOLMOHANBHON aBTOHOMKUK. B My3bike
COBPEMEHHbIX UCMOAHUTENEN, OT MOM- U XMMN-XONa A0 3THO-3/1EKTPO, HaCTO MCNO/b3YOTCA MOTUBbI
OTKPbITOrO MPOCTPAHCTBa, BETPa M ABMMKEHMA. BuayanbHble 06pasbl BeckpaHWx NpocTopoB
NOABANAOTCA B KMHO, doTorpadmax, BUACOPOANKAX M AaxKe B 0POPMIEHNM TOPOACKUX MPOCTPAHCTB
— Ha CcTeHax, B 0bLlecTBEHHbIX mecTax U B UMPPOBOM cpede. ITU 3CTETUYECKME INEMEHTI
BbINONHAT QYHKLUMIO BHYTPEHHETO «BO3/4yXa KOYEBHMKA», MO3BOAA KUTENAM ropoaa COXPaHATb
4yBCTBO CBA3M C MPUPOAHbIM M KyIbTYPHbBIM NPOLLUALIM CTPaHbI, Aaxe HaxoAACb B 6eTOHHOM cpeae
Meranosmca.

BaXHbIM CMMBOJIMYECKMM 31EMEHTOM OCTAaETCA NyTb Kak MeTadopa KMU3HEHHOro
OBVXKEHMA. B XyQ0KECTBEHHbIX M NTEPATYPHbIX NPOM3BEAEHNAX COBPEMEHHbIX Ka3axCTaHCKMX
aBTOPOB rOPO/ACKME repomn YacTOo HAxOAATCA B MOMCKE, MyTELEeCcTBYOT, MEHAOT NPOCTPAHCTBO
NPOXMBaHMA M PaboTy. ITU MUCTOPMM MNOKa3bIBAKOT, YTO NOTMKA MyTM — HEe MPOCTO Cnocob
nepemelleHma, a ryboKnin KyNbTypPHbIN KOA, 3a10KEHHbIM B CO3HAHWN: KM3Hb MOHMMAETCA KaK
OBWXKEHME, @ He Kak cTaTuyHoe npebbiBaHMe. MyTb CTAHOBUTCA OAHOBPEMEHHO GU3MYECKUM,
NCUXONOTMYECKMM N COLMANbHbBIM, OTPaXKaa TPAAMLMOHHYIO KOYEBYIO MOAENb, 3aAaNTUPOBAHHYHO
noJ, COBPEMEHHbI TOPOACKOM KOHTEKCT.

donbknop 1 MMONOrMYecKMe MOTHBbI TaKKE OCTAKOTCA YaCTbiO TOPOACKOM MAEHTUYHOCTH,
HO MEepeXMBaAKT 3HaAYMTesbHYt TpaHchopMaumio. FOPOACKME Ka3axCTaHLbl BOCMPUHUMAOT
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cTapble NnereHabl M npeaaHua He OYKBa/lbHO, @ KaK MCTOYHMK LLEHHOCTEM M CMMBOMYECKMX
MoZener noseAeHWs. Hanpumep, yBaKeHWe K CTapwum, MyApoCTb W KOANEKTMBHaA
OTBETCTBEHHOCTb B MMdaX aZanTMpPOBaHbl MO COBPEMEHHbIE CUTyauMK: Ha paboyem mecTe, B
yyebe, B COLMANbHBIX CETAX.

Ocoboe mecTo 3aHMMaeT UndpoBaa KyibTypa, rAe KOYeBOM Ko NposBaserca B popme
BM3YyasibHbIX M TEKCTOBbIX CMMBOJ/IOB. B coumanbHbIX CETAX M meama-naatdopmax nonynapHb
KOHTEHTbI C M300paXKeHWem cTenu, NyTelecTBUIM, UCTOPUYECKMX KOCTHOMOB, tOPT M PO/OBbIX
aptedaktoB. OAHaKo 3TU M300paxKeHMa He ABAAIOTCA penpes3eHTauMel MNpPoLWaoro — OHMU
CMMBO/IMYECKME, 3CTETUYECKME, MNOAYEPKMBAIOLLME YYBCTBO MPUHAANEKHOCTM, BHYTPEHHIOKO
cBOOOAY M KyAbTYPHYI caMobbITHOCTb. LindppoBas cpena npeBpallaeTca B HOBOE «KO4YeBOe
MPOCTPAHCTBO», TAe MYHOCTb MOXKET OAHOBPEMEHHO MPUHAA/IEKaTb Pa3HbIM cooblecTBam m
COXPaHATb aBTOHOMHOCTb.

PuTyanbHble NPaKTUKM TaKKe NoaBePrAnCh TpaHCchopMaummn. B ropoackon cpeae mano KTo
cobnofaeT TPagNUMOHHbIE KoYeBble 00PAbI, HO UX 31€MEHTbI XUBYT B COBPEMEHHbIX GOpMax:
cemenHble NpPa3aHMKKM, BCTPEYN C APY3bAMM, KONNEKTMBHbBIE MEPONPUATUA NpuobpeTatoT Gopmy
CMMBOIMYECKOM NMaMATU O POAE M KONNEKTUBHOM OTBETCTBEHHOCTM. Hanpumep, npa3aHoBaHue
Haypbi3a B ropofax He OrpaHuymMBaeTca TPaAMLMOHHbIM Habopom obpAanoB, a CTaHOBMTCA
KY/IbTYPHbIM COBBITUEM C aKLLEHTOM Ha OBLWHOCTb, FOCTENPUMMCTBO M B3aMMOMNOAAEPKKY — BCe
3TO OTPaXKaeT KOYeBOW KOA B aZlanTMPOBaHHOM ropoAckoi dopme.

Kpome TOro, ropoAckasa monoAéxb akTMBHO CO34aeT CODCTBEHHbIE 3CTETUYECKME KOAb,
BOOXHOB/NEHHbIE KOYEBbIM MNPOLWbIM. ITO MNPOABAAETCA B MOAE, AM3alHE WHTEpPbepos,
My3bIKaNbHbIX KAWMMAxX W BW3yasbHbIX MNPOEKTax. YacTo MCMNOMb3YyTCA MOTMBbI  OTKPbITbIX
NPOCTPAHCTB, NPUPOAHbIX TEKCTYP, FTEOMETPUN TPAANLMOHHbBIX OPHAMEHTOB.

OCoBEeHHO MHTEepecHbIM ABAsSeTCs GEeHOMEH «rOPOACKOW CTenW» Kak CMMBOJIMYECKOro
NPOCTPaHCTBA. B coUManbHbIX CETAX U KOHTEHTE COBPEMEHHbIX Ka3axCTaHLEeB CTeMnb CTaHOBUTCA
MNPOCTPAHCTBOM, [Ae Ye/0BEK MOXKET «OTKAUYUTbCA» OT TFOPOACKOM CyeTbl, BOCCTAHOBMUTb
BHYTPEHHMIA HanaHC MU HaUTW NCcMxXoNorMyeckyto ceoboay. ITOT CUMBOA OAHOBPEMEHHO CBA3AH C
NPUPOAON, UCTOPMEN U BHYTPEHHEN aBTOHOMMWEN, COXPaHAA TNyOUHHbIE 3/1eMEeHTbl KOYeBOro
CO3HaHMA.

B Ky/IbTYPHOM M CMMBONIMYECKOM Chepe NOCTKoUeBaA MAEHTUYHOCTb GYHKLUMOHUPYET KaK
KMBOM KyNbTYPHbIMA KOA, KOTOPbIM MO3BONAET FOPOACKOMY 4YeNOBEKy COXPaHATb CBA3b C
MCTOPUYECKMM NPOLW/bIM, 3A4aNTUPYA ero K CoBpemMeHHbIM ycnosmam. OHa NPOsABAAETCA He Yepes
OyKBa/NbHOE BOCMPOM3BEAEHME KOYEBbIX MPAKTUK, a Yepe3 acTeTuyeckme obpasbl, puTyassbl,
LUMOPOBYIO KYAbTYPY M LEHHOCTHbIE YCTAaHOBKMW. ITa TpaHCcGOpMaLMsA NOKa3bIBAET, YTO KOYEBOW
MUP He ncyes, a U3MeHUN GopMy, MHTErpPUPOBABLUMCL B FOPOACKYHD MEHTA/IbHOCTb, COXPaHMWB
rNYOUHHYIO NOTUKY NYTU, POAOBOM NPUHAANEKHOCTM U BHYTPEHHEN cBODOAbI.

OZHMM M3 KAKOYEBBLIX ACMEKTOB MOCTKOYEBOM MAEHTUYHOCTU ABASETCA MOKOJAEHYecKas
TPAHCMMCCUA KyNbTypHOro Kogda. CTapllee MOKONEHME COXPaHAET MPAMYI0 CBA3b C KOYEBbIM
NPOWbIM Yepe3 BOCMOMWHAHWUA, CEMENHblE WUCTOPUM, TPAAMUMM WU YCTHble PacCKasbl. ITu
aneMeHTbl GOPMMUPYIOT OnpeaenéHHble LEHHOCTHbIE OPUEHTUMPbI — YBaXKEHMEe K CTapluum,
rOCTENPUUMCTBO, KOANEKTMBM3M U 4YyBCTBO OTBETCTBEHHOCTM 3a pog W coobuwecTtso. [nA
rOPO/ACKOro XXMTeNA CTapLlero Bo3pacTa 3TN LLEHHOCTM COXPaHAT GOPMY KMHCTPYKLUMI K XKU3HWUY,
KOTOpble MOMOratoT OPUEHTMPOBATLCA B COLMA/bHbBIX M CEMEMHbIX OTHOLLEHUSAX.

Monofnoe nokonerue, Bbipocllee B ypbaHM3NMPOBAHHOW cpese, BOCMPUHMMAET KOYeBOM
KO/, CKPbITO M CUMBO/IMYECKM, HO HEe MeHee ryHBoKo. VX CBA3b C MPOLLIbIM HE NPOABNAETCA Yepes
npamoe cobnoaeHne obpaaos naM HBbITOBLIX MPAKTUK, a Yepes MNCUXONOTMYECKME YCTAHOBKM,
coupasnbHble MPMBbLIYKK M NoBeaeHMe. Hanpumep, cTpemneHne K MOBUAbHOCTU U NyTELLEeCTBUAM,
CO3/aHNe KMWUHM-POAOBLIX» CeTel ApPYKObl, MOUCK aBTOHOMHOCTU M JIMYHOTO MPOCTPAHCTBA —
BCE 3TO TPaHCOOPMMPOBAHHbIE MPOABNEHMA KOYEBOM NIOTMKM, BCTPOEHHbIE B COBPEMEHHYHO
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M3Hb. TAKOM CKPbITbIN KOA NpoaABAAeTcA B Bbibope y4ebbl, Kapbepsbl, 40Cyra 1 Aaxke B UMdpoBoi
aKTMBHOCTMW, rAe MONoAEXb GOpMMPYeT cCOBCTBEHHbIE COODLLECTBA M NOALEPKMBAET COLMAbHbIE
CBA3M Ha OCHOBE A0BEPMA U B3aMMOMOMOLLM.

CoumanbHasa aganTauma NOCTKOYEBON MAEHTUYHOCTM B TOPOACKUX YCIOBUAX NPOABAAETCA
yepes3 MMHBKOCTb M CMNOCOBHOCTb K BPEMEHHbIM 0ObeAMHEHMAM. B TpaaMUMOHHOM KOYEBOM
obuwecTtee NtoaAM 0ObEAMHANMCL ANA PeLeHMAs COBMECTHbIX 3adady — O0x0Ta, nactouuiHoe
ynpaBfeHue, 3aLimTa cTaga. B ropoackon cpesie aHanorMyHble MexaHu3mbl NPOABAAIOTCA B opme
MPOEKTOB, CTAapTanoB, WHUUMATMB W OOWECTBEHHbIX [ABWMKEHWNW, TrAe NAW BPeMeHHO
obbeanHAOTCA 418 AOCTUHKEHMA 0DLLEN e, NOC/Ie Yero CBA3M MOryT TPaHCHOPMMPOBATLCA UM
PaCTBOPATHCA.

MHTepecHbIM deHoMeHOM ABAseTca uMdbposasa 1 rnobanbHas aganTauma KOYeBOro Koaa.
CoBpemeHHble |IT-cneumannctbl, dGpunaHcepbl U «UMOPOBbIE KOYEBHWUKM» AEMOHCTPUPYIOT
MOAeNb MNOBeAeHWA, YAMBUTENbHO ONM3KY0 K APEBHEMY KOYEBHUKY: MOOWABHOCTb,
aBTOHOMHOCTb, YMEHMeE BbICTPaMBaTb COLMANbHbIE M NPOPECCMOHANbHbIE CBA3M HAa PACCTOAHUM,
CNOCcOBHOCTb K ObICTPOM afanTaumm B pPa3HbIX KOHTEKCTax. ITOT GpeHOMEH MOKa3biBaeT, 4To
KOYeBOM Kog, He ucye3, a TpaHCHOPMMPOBANCA B YHMBEPCANbHYD MOAENb MNOBEAEHMS,
NPUMEHUMYIO B rN0OaNN3NPOBAHHOM MUpE.

ScTeTnyecKkaa M CMMBOIMYECKANA MHTErpaums KOYeBbIX 3/1€EMEHTOB B FOPO/ACKYIO MKM3Hb
NPoABNAETCA B NOBCEAHEBHOM Ky/NbType, TBOPYECTBE U Aocyre. [0POACKME KUTEAN UCNONb3YIOT
obpasbl CcTenu, NyTM, POAOBON MNPUHAANENKHOCTM W cBOBOAblI ANA GOPMMPOBAHUA CBOEM
MOEHTUYHOCTU. My3biKa, KMHO, NuUTepaTypa, BM3yaslbHOE WCKYCCTBO WM COUMaNbHble Meauma
CTAHOBATCA NNATGOPMOW, rae NPOLWIOe U HacToAlLee B3aMMOAENCTBYIOT, CO34aBaA YHUKANbHYIO
KY/NbTYpHYto cpey. CTenb Kak CMMBO BHYTPEHHER cBOHOAbI M MPOCTPAHCTBO BOOOPaKeHMA, NyTb
Kak meTadopa KM3HWU, POA, KaK NCMXONOrMyeckas onopa — BCE 3TO GOPMMPYET KOTHUTUBHBIN U
SMOLMOHANbHbIA  KapKac, obecneymBalolMii  YCTOMYMBOCTb WAEHTUYHOCTM B YC/NOBMAX
ypbaHunzaumn.

MocTKoYeBasn MAEHTUYHOCTb — 3TO He BOCMNPOM3BEAEHME KOYEBOro YKIada, a *KMBOM
KYNIbTYPHbIN  KOZ, KOTOPbIA NO3BONAET KalaxcTaHuy XX| BeKka COXPaHATb YHWKaNbHYHO
MNCUXONOTMYECKYIO M COUMaNbHY CTPYKTYpYy. OHa NpoABAAETCA OAHOBPEMEHHO Ha HECKObKMX
YPOBHAX: MNCUXONOTMYECKOM — CTPEM/IEHME K aBTOHOMHOCTWM, MODOUABHOCTM, BHYTPEHHeM
cBobose; coumanbHOM — CMocobHOCTb 0ObeAMHATLCA BPEeMEHHbIMW  COODLECTBAMM,
NOAAEPHKMBATb KONNEKTMBHbIE LLEHHOCTM, COXPAHATb YyBCTBO NPUHAANENRHOCTUN; SCTETUYECKOM —
MCNO/Nb30BaHME CMMBOJIOB, MOTMBOB M 00OPa30B KOYEBOrO MPOLWIOrO B WMCKYCCTBE, mMeama W
NOBCEAHEBHON Ky/NbType; UMOPOBOM — adanTauMa KOYEBbIX MPAKTUK K COBPEMEHHbIM
TexHonornam, opMmMpoBaHMe HOBbIX GOPM OOLLLEHMSA M aBTOHOMHOTO CYLLLECTBOBAHMA.

TakMm 06pa3om, COBPEMEHHbIM KazaxcTaHel, HaxoAMTCA MeXAy ABYMS MUPaMM — OH He
NPOCTO rOPOACKON XKUTEJb, MOJHOCTbIO OTOPBAHHbIM OT MCTOPMYECKOTO MPOLLIOTO, M HEe NPAMON
HacNeQHUK Ko4ueBOM KyabTypbl. OH »KMBET B «MNPOCTPAHCTBE MEXAy», rae npoiioe
TpaHCPOPMUMPYETCA B Ky/AbTYPHbIN KoA, CNOCOBHbLIN AeMCTBOBATbL B COBPEMEHHbIX YC/IOBMAX. ITO
«MeXAay» — M eCTb MCTOYHMK YHWKAZIbHOCTM MOCTKOYEBOM MAEHTUYHOCTM, obecrneynBatomi
YCTOMYMBOCTb, TMOKOCTb M CAMODBITHOCTb Ka3axcTaHCKoro obuiectsa B XX| Beke.
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B nTOre, MOXHO yTBEPXKAATb, YTO NOCTKOYEBAA MAEHTUYHOCTb HEe ABNAETCA MEPEXMTKOM
WK AeKopaTuBHON Tpaauumen. OHa QYHKUMOHUPYET KaK AMHAMMYECKas CUCTEMA CMbICNOB,
KOTopaa BAMAET Ha MNoBeAeHWe, MbllAeHMe, COUMaNbHble B3aMMOAENCTBMA M 3CTeTMYecKue
NPAKTUKM TOPOACKMX KuTenen. KoueBon Mmnp He ncHes, a NepPeoCMbICINACA, COXPAHUB rNyOuHHbIe
KoZbl: MyTb, PoA, CBOOOAY M KONNEKTUBHYIO OTBETCTBEHHOCTb. [opoacKkas KynbTypa XX| Beka,
NHTErpupys 3TW 3/EMEHTbI, CO343eT YHUKANbHbINA COLMANbHO-KYbTYPHbIN GEHOMEH, KOTOPbIN
OT/IMYaET Ka3axCTaHCcKoe 0bwecTBO OT ApYrnx YypOaHM3MPOBAHHbBIX Ky/AbTyp, COXPaHAA Npu 3TOM
CBA3b C UCTOPMYECKUM N NCUXONOTMYECKMM Hacneamem KOYeBHMKOB.
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Abstract. This article analyzes the phenomenon of Q-POP in the context of cultural dynamics
in contemporary Kazakhstan and the processes of post-Soviet nation-building. The novelty lies in
identifying Q-POP as a complex space for symbolic negotiation and "cultural resistance," where
new models of Kazakhstani national identity are formed through the interaction of state
institutions, youth practices, and the tension between traditional and global values. The research
task is to conduct a comprehensive analysis of the historical preconditions, institutionalization
mechanisms, and hybrid nature of Q-POP as a form of glocalization, while examining youth cultural
resistance practices and the genre's role in Kazakhstan’s nation-building transformation.

The aim of the study is to understand Q-POP as a socio-cultural phenomenon and to
determine its role in the formation of modern Kazakhstani identity. The work analyzes the
mechanisms of cultural hybridization, the peculiarities of the institutionalization of the genre, the
forms of symbolic autonomy of youth, and the specifics of linguistic and visual representation.

The methodological basis of the study consists of approaches to cultural studies and the
theory of glocalization. The empirical base includes discourse analysis of official and media
materials, content analysis of music lyrics and clips, as well as a comparison of Q-POP with the
Korean model K-POP.

The results show that Q-POP is not only a reflection of sociocultural changes but also an active
participant in the processes of redefining national identity. Combining global industrial forms with
local cultural codes, the genre demonstrates the complex dynamics of interaction between
institutional strategies and youth initiatives, which gives the study practical significance in the
context of Kazakhstan's cultural policy.

Acknowledgement: The reported study article is part of project No0.2025jbkyjd003 of the
Fundamental Research Funds for the Central Universities.

Keywords: Kazakhstan, Q-POP, nation building, soft power, glocalization.

Introduction

Following the collapse of the Soviet Union in 1991, the states of Central Asia were faced with
the need to construct their own statehood, both institutionally and symbolically. The formation of
sovereign political systems was accompanied by a re-evaluation of historical heritage, a revival of
national and cultural traditions, and the consolidation of international agency. At the same time,
new models of interaction with external actors were emerging, alongside a search for sustainable
forms of national identity in the context of globalisation and the transnationalisation of the cultural
sphere (Kim & Park, 2025; Anderson, 2006).

The processes of nation-building in the region are unfolding against a backdrop of a delicate
balance between strengthening the titular nation as the foundation of statehood and the need to
take account of the multi-ethnic structure of society. At the same time, the states of Central Asia
are striving to overcome the perception of the region solely through the prism of the post-Soviet
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space and to assert their own cultural and political agency on the international stage (#%/i%,2012;
Laruelle, 2015). In these circumstances, the formation of national identity is fraught with a number
of contradictions: between the desire for international recognition and the preservation of cultural
identity; between ethno-cultural identity and the formation of an inclusive civic nation; and
between traditional cultural forms and the influence of global cultural industries (kun.kz, 2022;
Joo-Yup Lee, 2015; Blakkisrud & Kuziev, 2019)

In a context described in a number of Western studies as the ‘black hole of world history’, the
states of Central Asia objectively possess the potential to represent their own cultural
distinctiveness more actively on the international stage, drawing on the region’s historical, cultural
and civilisational characteristics (ZZ1%5 %1 51/%. 35>~ 71, 2016). One of the most telling areas in
which these processes manifest themselves is the realm of popular culture. Against a backdrop of
the widespread dissemination of transnational cultural models, pop music may contribute to a key
instrument in the symbolic construction of identity and the cultural representation of the state
(Street, 2012; Kudaibergenova, 2016; Schatz, 2004). In this context, the Q-POP phenomenon,
which emerged in Kazakhstan around 2015, is of particular interest.

The Q-POP concept was proposed by the male idol group Ninety One and was originally
positioned as a musical genre emphasising the national distinctiveness of Kazakhstan’s cultural
output. The use of the Latin transcription ‘Qazaqstan’ symbolises both an appeal to national
identity and a desire for global integration. In terms of genre and institutional structure, Q-POP
represents a hybrid form combining elements of traditional Kazakh music, Western pop culture
and the production model of the Korean K-POP industry.

Having gained widespread popularity among young audiences, Q-POP has become not only a
musical genre but also a significant socio-cultural phenomenon. Its development reflects
processes of cultural hybridisation, glocalisation and the transformation of youth identities in post-
Soviet society (Jin, 2016). A space of symbolic competition is emerging around Q-POP, within
which various social actors—state institutions, commercial cultural industries, conservative social
groups and youth communities—interact.

The relevance of this research stems from the fact that an analysis of popular culture enables
the identification of new mechanisms for the formation of national identity in the context of
globalisation. The Q-POP phenomenon is a telling example of how global cultural industries adapt
to local social and political contexts, shaping new forms of cultural representation and youth
identity in post-Soviet societies.

The aim of this study is to conduct a comprehensive analysis of the Q-POP phenomenon as a
cultural and social phenomenon in contemporary Kazakhstan, as well as to identify its role in the
processes of nation-building, identity transformation and cultural modernisation in the post-
Soviet period.

To achieve this aim, the following research tasks have been formulated:

- to analyse the historical and cultural preconditions for the emergence of Q-POP in the
context of Kazakhstan’s post-Soviet transformation;

- to identify the characteristics of the genre’s cultural hybridisation as a form of glocalisation;

-toinvestigate the mechanisms of interaction between the state, cultural industries and social
actors in the process of the institutionalisation of Q-POP;

- to identify forms of cultural and symbolic resistance manifested among young people
through Q-POP practices;

- to assess the significance of Q-POP as an indicator of the transformation of nation-building
processes in Kazakhstan.

The research hypothesis is that Q-POP functions not only as a musical genre but also as a
space for cultural and symbolic negotiation, within which new models of national identity are
formed, combining elements of tradition, global pop culture and youth cultural practices.
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In this regard, the main research question is formulated as follows: how, in the context of the
dynamics of nation-building in Kazakhstan, does Q-POP become a space of cultural and discursive
competition, reflecting symbolic negotiations between the state, society and young people within
the coordinates of ‘tradition — modernity’ and ‘local — global’?

This study aims to analyse the mechanisms of interaction between state institutions, the
commercial market, conservative groups and the youth audience in the process of the
institutionalisation and symbolic interpretation of Q-POP. Particular attention is paid to the
relationship between strategies of state incorporation and forms of cultural resistance.

Methods

The methodological framework of this study is interdisciplinary in nature and draws upon
tools from cultural studies and the sociology of culture, as well as research on nationalism and
globalisation. This choice is dictated by the very nature of Q-POP as a phenomenon situated at the
intersection of cultural policy, the media industry and youth practices. In this sense, the study
follows a broader research trend in which popular culture is viewed as a space for the production
and re-imagining of identity (Jin, 2016; Lie, 2015; Kudaibergenova, 2017).

Theoretically, the study draws on Homi Bhabha’s classical concepts of cultural hybridity
(Bhabha, 1994) and Arjun Appadurai’s concepts of global cultural flows (Appadurai, 1996). These
approaches are not used in isolation, but in conjunction with more recent studies on transnational
cultural industries and Asian pop culture trends (Jin, 2016; Lie, 2015).

Further analytical support is provided by the approaches to the study of youth subcultures
and cultural resistance developed by Stuart Hall and members of the Birmingham School (Hall &
Jefferson, 1976; Hall, 1997). However, in this study, they are interpreted through the lens of more
recent research on digital communities and fan cultures (Jenkins, 2006; Duffett, 2013), which is
particularly important in the context of social networks and media platforms.

Works on post-Soviet identity and nation-building in Kazakhstan and Central Asia are of
significant importance to this study. Both earlier research (Schatz, 2004; Dave, 2007) and
contemporary works analysing symbolic politics, cultural modernisation and national narrative are
utilised here (Fauve, 2015; Kudaibergenova, 2017; Junisbai & Junisbai, 2019; Isaacs, 2018). This
allows the Q-POP analysis to be embedded within a specific regional context, rather than being
viewed solely as a derivative of global trends.

The empirical part of the study is based on a qualitative design and combines several
complementary methods. Firstly, a discourse analysis was conducted of official statements, media
publications and expert assessments concerning Q-POP. This approach allows us to identify not
only the content of the statements, but also the broader ideological frameworks within which
public discourse is shaped (Fairclough, 2013; Wodak & Meyer, 2016). In the Kazakhstani context,
such methods have already been applied to the analysis of the media and national identity
(Junisbai & Junisbai, 2019).

A gualitative content analysis was then carried out on music videos, song lyrics and visual
imagery of key artists, including the band Ninety One. These materials were selected because
visual-musical formats play a central role in the construction of meaning within pop culture. The
analysis was based on the methodological principles of qualitative content analysis (Schreier,
2012; Krippendorff, 2018) and took into account contemporary research on visual culture and
representation (Couldry, 2012; Kudaibergenova, 2017).

The categorical coding framework was developed based on theory and included linguistic
representation, ethnocultural symbols, gender models, images of tradition and modernity, as well
as social issues. This approach made it possible to systematically identify recurring elements and
interpret them as stable cultural patterns, which is consistent with contemporary research
practices in the cultural industries (Jin, 2016).
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Particular attention was paid to the analysis of fan practices — primarily in the digital
environment. User-generated content, online discussions and public actions were considered as
forms of horizontal identity production. This approach is based on the theory of participatory
culture (Jenkins, 2006) and its later interpretations in studies of digital communities (Duffett,
2013), as well as on regional studies of youth activism and media consumption (Junisbai & Junisbai,
2019). contributions to visual culture and representation A comparative analysis of Q-POP and K-
POP was used not so much to identify direct borrowings as to identify mechanisms of cultural
adaptation and localization. In this case, Q-POP is considered an example of the "translation" of a
global cultural model into a local context, which is consistent with modern approaches to the study
of cultural globalization. (Jin, 2016; Lie, 2015; Isaacs, 2018).

The data were interpreted using an interpretative approach incorporating elements of
structural-functional analysis. The main focus was not on quantitative indicators, but on
identifying semantic structures, symbolic strategies and the logic of their reproduction. Such a
focus is characteristic of contemporary research on media and identity (Couldry, 2012).

The limitations of the study stem from its focus on the urban youth environment and the use
of predominantly public sources. Furthermore, as noted in a number of works on Central Asia,
empirical research into popular culture in the region still faces a lack of systematic data (Laruelle,
2015; Isaacs, 2018).

Thus, the chosen methodology allows us to view Q-POP not merely as a musical genre, but as
a dynamic space of cultural interaction in which national identity is formed through a constant
dialogue between global trends and local social and political contexts.

Discussion

In Central Asian countries, music is traditionally viewed not only as a form of artistic
expression, but also as a key instrument in shaping national identity, collective memory and
political attitudes. Particular attention is paid to the influence of Q-POP on young audiences.
Research shows that this genre helps to strengthen cultural belonging and ethnic identity, whilst
offering new forms of self-expression and social participation (Danabayev et al., 2021). Alongside
this, elements of social reflection and critique are evident in the lyrics and visual imagery,
reflecting the younger generation’s attitude towards social and political processes (Zholamanova,
2021).

Novelty. Despite growing interest in Q-POP, the existing literature remains fragmented. Most
studies focus on individual aspects—such as cultural globalisation, language policy or the influence
of K-pop—and often employ simplified binary models of analysis (local/global,
tradition/modernity). As a result, the complex dynamics of the interaction between cultural,
political and media factors are only partially revealed.

This study proposes viewing Q-POP as a relational cultural space in which global cultural flows,
national identity projects and media industries interact simultaneously. Unlike existing
approaches, the focus is not on the opposition between these elements, but on their
interconnection and mutual transformation.

The novelty of this work lies in the integration of cultural studies approaches, theories of
globalisation and the analysis of post-Soviet identity to interpret Q-POP as a dynamic cultural
practice. This allows for a fresh understanding of the role of popular music in shaping
contemporary discourses of national identity in Kazakhstan and broadens the existing research
framework.

Results

From Imitation to Creative Transformation: The Definition and Development of Kazakhstani
Pop Music and Q-POP
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Before analysing the evolution of Kazakhstani pop music and the Q-POP phenomenon, it
seems necessary to clarify and conceptualise the very notion of Q-POP as used in this study. Unlike
South Korean pop music (K-POP), whose name has an external origin and is linked to global
branding, the term Q-POP was introduced at the same time as the debut of the Kazakhstani boy
band Ninety One. Its emergence is directly linked to the activities of the production company JUZ
Entertainment, which made no secret of the fact that the concept was formed on the basis of
strategically borrowing elements from K-POP.

However, the company’s founder, Yerbolat Bedelkhan (a former member of the Kazakhstani
pop group Orda), ascribes a deeper national and cultural significance to the term Q-POP,
emphasising the importance of the ‘Q" component as a marker of Kazakh (Kazakhstani) identity.
According to him, the creation of Q-POP was aimed at overcoming dependence on the Russian
information space, which persisted even after the country gained state independence. He
highlights the desire of the Turkic-speaking post-Soviet community to develop culture in their
native language, pointing to a long period of cultural stagnation during the Soviet era (El kz, 2024).

According to Bedelhan’s interpretation, Q-POP is a musical genre aimed at a young audience
and reflecting their values and social attitudes. Aesthetically, it is characterised by a synthesis of
vocal and choreographic performances, the visual expressiveness of music videos, as well as the
electronic and Western adaptation of the Kazakh language and individual elements of traditional
musical culture. Q-POP is thus positioned as a tool for cultural modernisation and the re-imagining
of national identity in the context of globalisation.

As Q-POP became institutionalised in Kazakhstan’s public and official discourse, differences of
interpretation arose regarding the boundaries of the term. Thus, the national news agency
‘Kazinform’ classifies as Q-POP performers who use the Kazakh language in contemporary popular
music, including artists such as Dimash Kudaibergen. In this interpretation, Q-POP goes beyond
the South Korean model of boy and girl groups and encompasses a wide range of genres — from
hip-hop, rock and rap to R&B and lyrical pop. This expansive interpretation is supported by a
number of Kazakhstani media outlets (Alexakis, 2018).

Furthermore, academic and media publications often adopt an approach in which Q-POP is
viewed as a hybrid genre that blends Western pop music, rap, electronic dance music, R&B and
elements of so-called ‘Toi Music’ performed in the Kazakh language.

Overall, it can be stated that in academic and media discourse, Q-POP is defined as a form of
Western-oriented popular music, predominantly performed in the Kazakh language (with the
possible use of Russian), and encompassing various genre forms — from idol groups to Kazakh-
language rap, electronic music and R&B ballads. Thus, the contemporary understanding of Q-POP
is considerably broader than the original model, which was based on emulating K-POP, and reflects
processes of cultural adaptation and localisation of global musical trends within the context of
national self-determination.

To gain a deeper understanding of the cultural significance of Q-POP, it is necessary to
examine this phenomenon within the context of the historical evolution of popular music in
Kazakhstan since independence. The emulation of Western and South Korean pop culture and its
localisation did not begin in 2014, these processes have been developing since the early years of
independence and can be broadly divided into several stages, with the years 2000 and 2015
marking key turning points.

In the early years of independence, a desire to reinterpret national identity through musical
creativity took shape in major cities, particularly in Almaty. A characteristic example of this period
is the band Urker (Kazakh: ‘Ypkep’ — ‘constellation’), founded in 1994. Their artistic strategy lay in
synthesising traditional Kazakh musical elements with Western arrangement techniques. The
themes of their songs went beyond love lyrics to address issues of patriotism, historical memory
and cultural revival. The celebration of Kazakhstan’s independence was seen as a means of
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reinforcing national consciousness. This approach was groundbreaking, as it signalled the ambition
of local pop music to play a role in shaping national identity.

By the late 1990s, a domestic music industry had begun to take shape in the country.
Independent television channels and radio stations began actively supporting young artists and
broadcasting their music videos. At the same time, domestic male pop groups emerged, notably
the band ‘ABK’ and other ensembles that paid particular attention to their stage image. Their
repertoire included both musical interpretations of works by Kazakh poets and original lyrics
created in collaboration with writers. Elements of traditional culture, such as the dombra or the
image of the aul, were actively incorporated into the songs’ imagery. Notable compositions
include ‘Nauryz’, ‘My Kazakhstan’ and others. At the same time, a significant portion of the
repertoire remained devoted to the theme of love. Musically, these works largely emulated folk
and Russian pop music; at the same time, the use of traditional instruments was limited, and the
performers’ stage image was modernised and did not always emphasise ethnic specificity.

Whilst Kazakh-language music was ‘rediscovering its roots’, Russian-language pop music
continued to dominate the market. It largely carried on the traditions of Soviet pop music whilst
adapting to the new circumstances. For instance, the band A-Studio gained widespread popularity
thanks to Russian-language hits such as ‘Julia’ and ‘Soldier of Love’, which focused primarily on
personal and romantic experiences. Russian pop groups, including ‘Laskovy Mai” and ‘Na-Na’, also
retained significant influence, with their songs remaining popular among the Kazakhstani
audience. Thus, during the first decade of independence, despite the state’s political sovereignty,
issues of national identity gradually receded into the background in popular culture, giving way to
Western and Russian musical trends. The dominance of the Russian-language segment and the
structural instability of the music industry, including the widespread distribution of pirated
material, led to the demise of many bands that had emerged in the mid-to-late 1990s.

With the dawn of the 21st century, against a backdrop of the spread of the internet and the
deepening of globalisation, Kazakhstani pop music entered a phase characterised by both genre
diversity and a search for local identity. Since 2000, new musical genres have been actively
developing in the country. A wave of hip-hop and R&B swept through the youth audience; artists
and groups such as ‘All-Davai’ and ‘Ghetto Dogs’ emerged, followed later by Skriptonit, who took
Kazakhstani hip-hop to a whole new level. His complex musical structures and original style
contributed to the formation of a new cultural symbol for young people and secured his entry into
the Russian market. It is noteworthy that, whilst performing songs predominantly in Russian, he
emphasised that his music belonged to the Kazakhstani, rather than the Russian, cultural sphere
(Stohler, 2021)

At the same time, many Kazakh performers, including Yerbolat Kudaibergen, were attempting
to integrate elements of traditional musical culture into contemporary genres, including rap. In
the track ‘Men kazakpy’ (‘I am Kazakh’), energetic recitative is combined with the sound of the
dombra and electronic arrangements. The repeated line “I am Kazakh, having died a thousand
times and been reborn a thousand times” symbolically emphasises the value and historical
complexity of the newly gained independence.

Thus, the development of Kazakhstani pop music in the post-Soviet period demonstrates a
gradual transition from imitating external models to the search for and formation of its own
cultural strategies, which subsequently laid the groundwork for the emergence of the Q-POP
phenomenon as a new form of musical and identity-based self-expression (Rancier, 2014;
Peyrouse, 2007)

On the other hand, although most Kazakhstani music groups of the late 1990s ceased to exist,
the commercial foundation they had established contributed to the further institutionalisation of
national music projects. Thus, with the participation of former members of the band ABK, the
ethno-rock group Ulytau was formed (the name is borrowed from a sacred mountain in Kazakh
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history), which attracted attention both in Kazakhstan and beyond thanks to its synthesis of
traditional Kazakh instruments with rock music. At the same time, a ‘second wave’ of boy bands
began to emerge, including groups such as ‘Zhigitter’, Orda, ‘Ringo’ and others. Most of them
performed songs in the Kazakh language and modelled themselves on South Korean idol groups,
paying particular attention to choreography and stage image, thereby laying the foundations for
the subsequent development of the pop idol industry. At the same time, the first Kazakhstani girl
groups appeared on the scene, notably ‘Rakhat-Lukum’ and ‘Serdtseyedki’.

With the development of internet technologies and the gradual modernisation of the music
industry, increasing importance has been attached to the visual aspect of musical productions.
The production of music videos has evolved into a distinct medium of artistic expression, with the
visual imagery increasingly tailored to the specific genre of the work. Thus, in the music video for
Batyrkhan Shukenov’s patriotic ballad ‘Otan Ana’ (‘Motherland’), the singer, against a backdrop of
steppe landscapes, extols the traditional values of the Kazakh people; the frame successively
features ayurt, a dombra, kumys, clarified butter and other elements of ethno-cultural symbolism.
The image of the performer, stylised as an akyn singing in the steppe, creates an atmosphere of
solemnity and sacredness. Such an ‘ethnographic’ visual strategy was characteristic of several
patriotic music videos from this period, including projects by groups such as ABK.

At the same time, the music videos of Kazakhstani rap artists and boy bands - particularly Orda
- were dominated by a different aesthetic: one that was distinctly modern and urban. The
performers, dressed in contemporary clothing, dance and unfold storylines centred on the
emotional experiences of young city dwellers; in some cases, elements of fantasy or crime fiction
are used. Even in the patriotic songs of rap artists, the focus shifts from traditional folklore to
historical and modernisation themes. Thus, in the music video ‘Men kazakpy’ (‘I Am Kazakh’), a
significant portion of the visual material consists of archive footage from the Soviet era, scenes of
industrial construction, and images of historical figures (including Yuri Gagarin, associated with the
Baikonur Cosmodrome). The juxtaposition of Soviet and post-independence achievements,
including sporting victories, creates a narrative of continuous progress and emphasises the
modernist aspirations of Kazakhstani society.

Overall, between 2000 and 2014, Kazakh-language popular music was characterised by
increasing genre diversification. The thematic range broadened: whereas love songs had
previously dominated, a balance between romantic and patriotic themes subsequently emerged.
The growing popularity of Kazakh female performers and the sustained commercial success of
Kazakh-language projects signalled the formation of an independent market and the gradual
institutionalisation of the industry. Artists who had achieved recognition by adopting Western and
Korean production and stylistic models began to actively use these mechanisms to promote new
performers.

Thus, the evolution of Kazakh-language pop music during the period under consideration
created the structural, aesthetic and institutional conditions for the emergence of Q-POP as an
independent genre, combining elements of global pop culture with local forms of cultural
representation.

In 2015, Kazakhstan’s music scene underwent a significant and, in many ways, revolutionary
shift, marked by the emergence and rapid rise of the Q-POP phenomenon. This was not merely
the emergence of a new genre of popular music, but the formation of a large-scale cultural and
social movement that spread both within the country and beyond its borders. Q-POP succeeded
in adapting global forms of pop culture to the national context, becoming a vehicle for articulating
a new model of ethno-cultural identity for the post-Soviet generation of Kazakhstani youth.

The emergence of Q-POP was driven by a combination of socio-political, cultural and
technological factors. In the 2010s, processes of symbolic ‘derussification” and the institutional
strengthening of Kazakh national identity intensified in Kazakhstan. A landmark step was the 2017
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announcement of the transition of the Kazakh alphabet from Cyrillic to the Latin script. In this
context, the prefix ‘Q" acquired a particular ideological significance, becoming established in some
state and branding designations (Qazagstan, Qazaq Air) as a symbol of a renewed, modernised
national identity. It was within this political and cultural environment that the conditions for the
emergence of Q-POP were formed.

From the perspective of the music industry, by the early 2010s, the Kazakhstani market was
structurally divided between Russian-language pop music and the more traditionally oriented
Kazakh-language pop scene. At the same time, young people were actively drawn to Western pop
culture and the global phenomenon of K-POP. The development of the local industry in the 2000s
and the investment activity of producers helped create a demand for a product capable of
synthesising modern aesthetic standards with the national cultural code. A key role was played by
producer Yerbolat Bedelkhan (a former member of the group ‘Orda’), who founded the company
Juz Entertainment in 2014 and was the first to systematically introduce the Korean model of idol
training in Kazakhstan. Trainees were selected and trained through the television project ‘K-top
idols’, and on 1 September 2015, the male group Ninety One made its debut; the name refers to
1991 — the year of Kazakhstan’s independence. Rapper Yerbolat Kudaibergen, who collaborated
in particular with Dimash Kudaibergen, also provided significant support to the young performers.
Thus, the new generation of Q-POP was initially built upon the achievements of the previous stage
in the development of Kazakh-language pop music.

In terms of visual and performative aesthetics, Ninety One has radically transformed
perceptions of what constitutes an acceptable image for a Kazakhstani artist. Bright hair colours,
stage make-up, statement accessories and a style borrowed from the K-pop industry clashed with
the gender and cultural norms dominant in a conservative society (Oryn, 2018). The group faced
criticism from representatives of the traditional music scene, who accused them of imitating Korea
and ‘failing to align” with national values; during the first tour, nine out of sixteen concerts were
cancelled due to public pressure (Yoon, 2020). However, it was precisely the controversy and the
cultural ‘shock’ that brought the group nationwide fame. The production company swiftly devised
a media strategy, including the creation of documentary videos about the difficulties the group
faced in establishing itself. Success abroad, including the single ‘Qaytadan’ (‘Again’) reaching
number one on the Turkish music channel TMB, contributed to the institutional recognition of Q-
POP (cn.inform.kz, 2016). At the same time, the international success of Dimash Kudaibergen (in
particular, following his participation in the Chinese TV show ‘Singer’ in 2017) confirmed the
importance of professional image management in promoting national music. The Gakku television
channel has gradually become a key platform for promoting the new pop scene. Following Ninety
One’s debut, JY Entertainment initiated the formation of new male and female groups (Black Dial,
Newton, Mad Men, Ziruza, etc.), whilst Ninety One’s appearances on South Korean TV shows
contributed to the project’s further internationalisation. Thus, by the end of the 2010s, a stable
Q-POP ecosystem had formed as an independent cultural phenomenon.

In parallel with the development of idol culture in Kazakhstan, the position of rap was
strengthening. In contrast to the androgynous aesthetics of Q-POP, the rap scene retained more
traditional models of masculinity. The Kazakhstani rap scene significantly outnumbered idol
groups and was characterised by internal stylistic and ideological diversity. Some performers (for
example, Shiza) portrayed images associated with criminal themes, violence, and an emphasised
‘southern’ identity (Koch & White, 2016). The self-deprecating label ‘manbet’ (‘provincial’)
became widespread, through which artists criticised urbanised Kazakhs for losing their
‘authenticity’. Vloggers also played a significant role in the genre’s development, particularly the
bilingual collective Irina Kairatovna (IK), which began as a comedy project and later transitioned
to a musical format. The group actively used satire to explore social realities and Kazakh-Russian
relations; in 2019, it declined support from the pro-government Salem Foundation.
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The political changes of 2019, linked to the resignation of Nursultan Nazarbayev, galvanised
the protest potential of the rap scene (Kudaibergenova, 2020; Junisbai & Junisbai, 2019). Several
artists openly criticised the mechanism of the transfer of power and socio-economic inequality.
Opposition movements, such as Oyan Kazakhstan, also emerged during this period. Although
these protest initiatives soon failed, the ensuing COVID-19 pandemic and persistent social
inequality in Kazakhstan led Q-POP artists to begin actively and sharply criticising the government
between 2020 and 2022 (Kudaibergen, 2024). In the song ‘Taboo’ (2020), recorded jointly by IK
and Ninety One, direct criticisms were levelled at state censorship, corruption and the devaluation
of the national currency, including satirical allusions to the ruling authorities. In the track ‘5000’
(2021), IK explored the theme of everyday corruption, metaphorically portraying petty bribery as
a systemic phenomenon; the music video criticised specific infrastructure projects and symbolic
political gestures. The song went viral online: by the end of 2021, it had racked up 29 million views
on YouTube, a figure exceeding the country’s population. The members’ interviews with the
Russian media were accompanied by harsh criticism of social stratification and corruption, whilst
simultaneously declaring a positive patriotic attitude towards Kazakhstan, its historical heritage,
and potential for development.

Thus, the period after 2015 is characterised by the institutionalisation of Q-POP as a new form
of cultural self-identification, combining global aesthetic models with local content. At the same
time, the rap scene has become an important channel for articulating socio-political criticism.
Taken together, these processes testify to the transformation of Kazakhstani popular music into a
significant instrument for shaping national discourse, modernising identity, and fostering public
reflection.

The wave of critical songs effectively came to an end with the events of January 2022. Large-
scale social unrest forced the Kazakhstani authorities to tighten their control over the cultural
sphere at an early stage. Although internationally renowned groups such as IK, as well as certain
popular boy bands, generally avoided direct sanctions, many rap artists and members of male
groups who publicly supported or were involved in the January events were subsequently
prosecuted and convicted.

At the same time, the ‘New Kazakhstan’ agenda that followed the crisis implied a certain
degree of liberalisation and the acceptance of moderate critical rhetoric in the music sector.
However, a significant proportion of rap artists chose to adopt a compromise stance, aligning their
work with the official reformist discourse. A telling example was the track ‘Kok tu” (‘Blue Flag’),
released in June 2022 by the group IK in collaboration with a number of Kazakhstani rap artists. In
it, the artists called for honesty and the consolidation of society above ethnic, religious, and tribal
differences, which largely echoed the rhetoric of K.-Z. TokayeVv’s political reforms. Although
elements of criticism directed at state propaganda remained, the tone of the track became
noticeably more moderate compared to the previous phase.

At the same time, this period saw a decline in the popularity of Kazakhstani boy bands. This
was due, on the one hand, to the economic difficulties faced by production companies (in
particular, Juz Entertainment) during the pandemic, and on the other, to a lack of strategic
planning regarding the artists’ long-term career paths. In 2022-2023, a number of well-known
groups, including Ninety One, terminated their contracts with production centres and moved
towards self-management or setting up their own studios. After 2021, one of the most popular
new groups — ALPHA — also left Juz Entertainment and adopted an autonomous operating model.
The group, consisting of members born in the 2000s, is even more consistently oriented towards
the Korean idol model: in style, stage image, and strategy for active engagement with fan
communities. At the same time, the group strives to emphasise its international openness. In
response to criticism of ‘disrespect for tradition’, the members typically respond via social media,
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posting performances of songs in Kazakh or showcasing their participation in events related to
rural and nomadic culture.

Overall, the development of Q-POP reflects a dual logic. On the one hand, this phenomenon
has continued trends already emerging in Kazakh-language pop music (the strengthening of the
role of the Kazakh language, an emphasis on individualised self-presentation, and the high
importance of visual elements). On the other hand, Q-POP was initially based on successful
international industry models, primarily the Korean one. However, it subsequently moved beyond
mere formal borrowing, integrating the Kazakh language, traditional cultural values and the
contemporary youth agenda into a unified system of symbolic codes. In doing so, Q-POP has
transformed into a significant instrument of cultural and political articulation and representation
of a new Kazakhstani identity.

Co-optation within the official narrative: Q-POP as an instrument of state ‘soft power’

As the influence of Q-POP grows among Kazakhstan’s younger generation, state bodies are
paying increasing attention to this cultural phenomenon and becoming involved in the process of
its institutionalisation. Within the specific political and cultural context of Kazakhstan, the
authorities are seeking to integrate Q-POP into the national narrative, viewing it as a tool for
showcasing the country’s modern image and strengthening cultural confidence. This process of
co-optation, however, is not limited to direct assimilation or strict administrative control; it
constitutes a complex system of interactions and negotiations between the state and cultural
producers, reflecting the mechanisms through which official nationalism exerts a guiding and
disciplining influence on youth culture.

One of the first manifestations of Q-POP’s incorporation was its inclusion in official cultural
events. In recent years, an increasing number of Q-POP groups have been invited to participate in
state holidays and festivals, including City Day in Nur-Sultan, the celebration of Kazakhstan’s
Independence Day, and other public events of national significance. In such contexts, the groups’
stage imagery and repertoire are often adapted to align with the dominant state discourse: the
visual representation of ethno-cultural symbols is emphasised, song lyrics highlight themes of
national unity and social harmony, and performance practices are aligned with mainstream
aesthetic expectations.

Another telling sign is the inclusion of individual members of influential groups, such as Ninety
One and IK, within state youth organisations. This creates a channel for institutional integration
through which Q-POP is gradually incorporated into the framework of official cultural policy and
used to construct the image of ‘New Kazakhstan’.

The second dimension of co-optation relates to the use of Q-POP as a tool for external cultural
representation. As the genre’s audience expanded, it began to be viewed as a vehicle for ‘soft
power’ and an element of cultural diplomacy. Kazakhstan’s Ministries of Foreign Affairs and
Culture promoted Q-POP groups within the framework of international cultural exchanges,
positioning them as symbols of a young, open and modernising society.

Official recognition, on the one hand, helped to strengthen the genre’s status and expand its
institutional capabilities; on the other, it created a context of normative expectations, exerting an
indirect influence on the thematic and ideological content of musical production.

The process of co-optation is evident not only in institutional practice but also in the
transformation of the official discourse on Q-POP. In their publications, state and state-affiliated
media emphasise the genre’s connection to Kazakh cultural tradition, highlighting its contribution
to the development of the creative economy and the promotion of the national language, whilst
simultaneously downplaying its original subcultural and protest potential. Media narratives pay
particular attention to how artists draw inspiration from traditional music, represent Kazakh
culture on the international stage, and encourage members of other ethnic groups to learn the
Kazakh language.
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At the same time, the authorities’ attitude towards more radical forms of criticism remains
ambivalent. With regard to groups and performers who openly criticise the government and
political leadership, officials publicly acknowledge the right to freedom of expression and interpret
the presence of criticism as evidence of reforms and the expansion of freedom of speech.
However, in cases where statements go beyond what is acceptable in terms of prevailing social
values, punitive measures are applied. For instance, in the summer of 2022, the rapper Shiza was
brought before the administrative courts following an incident at a music festival where, whilst
under the influence of alcohol, he desecrated the national flag. This incident catalyzed intensifying
a public campaign to promote norms governing respect for state symbols.

The attitude of the Q-POP creators themselves towards the process of official integration is
characterised by an inherent contradiction. On the one hand, state recognition opens up access
to resources, broadens the audience, ensures participation in prestigious events, and helps to
remove the stigma of being a ‘subculture’ or a ‘marginal phenomenon’. For some artists—
particularly those who were originally focused on promoting the Kazakh language—cooperation
with state bodies becomes a means of achieving their own cultural goals, which objectively
encourages them to align with the official agenda.

On the other hand, institutional support comes with certain forms of cultural regulation. The
demands to conform to mainstream norms and socially approved values may weaken the genre’s
original innovative and protest potential, distancing it from its subcultural roots.

The case of Q-POP illustrates a broader structural paradox characteristic of post-Soviet nation-
building processes. On the one hand, the state requires modern cultural forms and innovative
symbols that enable it to demonstrate dynamism, openness and global competitiveness. On the
other, it must maintain stable traditional markers of identity that ensure the continuity and
legitimacy of the national project.

Q-POP finds itself at the centre of this tension: it is simultaneously modernist and
traditionalist, globally oriented and locally rooted. It is precisely this hybridity (Kraidy, 2005) that
makes it an attractive resource for official nationalism, which seeks to harness the genre’s
potential to strengthen national identity whilst simultaneously guiding and regulating its
development.

Against the backdrop of the ongoing transformation of Kazakhstan’s cultural landscape, Q-
POP, as a new form of cultural practice, demonstrates that the state’s co-optation of this
movement reflects its desire to integrate diverse cultural resources into a project aimed at
strengthening national identity. However, this integration is never exhaustive: Q-POP retains a
certain degree of autonomy and potential for resistance.

Youth culture of resistance: Q-POP as a generational manifesto

While the official incorporation of Q-POP indicates the state’s attempt to guide and utilise
youth culture, its popularity among young people reveals another aspect—the function of
generational expression. Amid the rapid social transformation of Kazakhstani society, Q-POP has
become an important platform for the younger generation’s self-reflection, the re-evaluation of
social norms and the formation of subcultural identity.

This resistance does not take the form of direct political confrontation. It manifests itself
through the creation of new symbols, aesthetic innovations and the formation of communities
within which everyday cultural practices become a space for re-examining and renegotiating
established norms.

One of the key areas of this symbolic challenge has been the rethinking of traditional gender
norms. In Kazakhstani society, where traditional social structures coexist with modernist lifestyles,
issues of gender roles and masculinity remain a source of intergenerational tension.

Q-POP groups, foremost among them the genre’s pioneers Ninety One, have challenged
traditional notions of ‘masculinity’ through androgynous aesthetics, experimental fashion, and
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hybrid stage performance. This visual transgression provoked a sharp reaction from conservative
circles, where such practices were interpreted as a violation of tradition and cultural norms.

At the same time, this strategy does not imply a radical break with cultural heritage. Rather,
it involves seeking a new creative space between tradition and modernity. In some music videos,
elements of national costume are not rejected, but are modernised and subjected to stylistic
deconstruction. In this way, a model of gender representation is formed that simultaneously
acknowledges tradition and frees itself from its normative rigidity. This strategy of negotiation
allows for the preservation of cultural continuity, creating new opportunities for young people’s
identity practices (Oryn, 2018).

Another significant dimension of cultural resistance is Q-POP’s involvement in language
policy. Following independence, the language issue became a central element of nation-building.
Constitutional provisions established Kazakh as the state language, whilst recognising the special
status of Russian in the sphere of inter-ethnic communication.

Within this complex sociolinguistic context, Q-POP has developed a strategy of hybrid
multilingualism: a single composition may combine Kazakh, Russian, and English. This practice
carries significant cultural and political implications.

On the one hand, it helps to elevate the symbolic status of the Kazakh language within popular
culture, thereby aligning with the state’s policy of promoting it. On the other hand, the retention
of Russian and English reflects an acknowledgement of a multilingual social reality and the global
cultural sphere.

The result is the formation of an inclusive model of youth identity that transcends rigid ethnic
boundaries and creates a space for cultural solidarity based on shared aesthetic preferences.

Q-POP’s subversive potential is also evident in the practices of fan communities. For example,
the Ninety One fan club ‘Eagle Z." demonstrates a high degree of self-organisation and public
visibility. Fans do not limit themselves to passive consumption of the musical product; they actively
participate in the construction of meaning through social media, offline events and collective acts
of support. Such participation forms a relatively autonomous cultural space in which young people
can construct alternative models of identity and values, distinct from official discourses and
traditional media narratives (Otan, 2018).

The inter-ethnic nature of these communities deserves particular attention. The fanbase
includes representatives of various ethnic groups — Kazakhs, Russians and other minorities. This
structure partially transforms the traditional model of identity politics based on ethnic boundaries,
offering a form of solidarity grounded in cultural taste and shared symbolic references.

In music videos and rap projects, national symbolism is increasingly interpreted not only
through traditional folkloric elements, but also through social issues common to young people—
corruption, social inequality, and complex historical and political themes. Such artistic choices
create new foundations for collective memory and solidarity that go beyond the confines of a
narrowly ethnic narrative (Zholamanova & Oh Chong Jin, 2024)

At the same time, Q-POP’s cultural resistance is not without its internal limitations.
Commercial success and gradual mainstreaming inevitably lead to a partial loss of its original
protest potential and its adaptation to market logic and official discourse.

Furthermore, within the genre itself, there remains a tension between tradition and
modernity, the local and the global, commercialisation and artistic autonomy.

These contradictions reflect the broader experience of young people in Kazakhstan, who are
faced with the need to choose between different models of identity and social behaviour.

To summarise the above, it can be said that Q-POP, as a form of youth cultural practice, does
not represent a direct challenge to the existing order, but rather a space of symbolic autonomy.
Through the production of new aesthetic forms and the development of online communities, it
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creates a relatively safe zone for the younger generation to experiment with identity and social
roles.

The tension between ‘top-down’ processes—co-optation and institutionalisation—and
‘bottom-up’ initiatives—cultural innovation and subcultural self-organisation—forms the core of
Q-POP’s cultural-political dynamics. It is within this field of interaction that its unique position in
contemporary Kazakhstani society is formed.

Thus, Q-POP is not merely a musical genre, but also a key indicator of the transformation of
national identity, a mechanism for rethinking traditional norms, and a laboratory for new cultural
possibilities in post-Soviet Kazakhstan.

Negotiations in a climate of confrontation: between co-optation and resistance

The trajectory of Q-POP’s development in Kazakhstani society cannot be reduced to either a
simple ‘top-down’ model—institutional co-optation—or a purely ‘bottom-up’ one—subcultural
resistance. It is a multi-level and multi-actor process of constant interaction and rivalry, involving
state structures, market mechanisms, defenders of traditional culture and young creators. The
result is a dynamic and complex mechanism of cultural negotiation. Understanding the nature,
logic and consequences of this process is key to interpreting the social significance of Q-POP.

One side of this conflict is represented by conservative forces and advocates of ‘cultural
purity’. Since the emergence of Q-POP, and particularly following the appearance of its leading
groups (notably Ninety One) on national television, there has been a strong backlash from
traditionalist circles. Criticism has centred on several aspects: accusations of imitating K-POP as a
rejection of authentic tradition; claims that traditional values are being undermined through
appearance and stage aesthetics; and suspicions that commercial success is prioritised over
artistic sincerity.

Such assessments came not only from the general public but also, in part, from cultural
administrators, reflecting a broader cultural anxiety linked to globalisation. It is noteworthy that
the criticism often concerned primarily external form rather than content. Criticisms that the
performers ‘did not look like Kazakh men’ focused on visual style or the use of instruments, rather
than on the degree of ‘Kazakhness’ in the music itself. This testifies to the normative narrowness
of conceptions of national culture, limited primarily to folkloric and ethnographic markers (Otan,
2019). Nevertheless, such discursive practices shape the symbolic environment in which Q-POP
develops and influence the official policy regarding its positioning and support.

In response to pressure from conservative circles and attempts at institutional integration,
the creators of Q-POP have demonstrated a high degree of adaptability. This adaptability
manifests itself in several ways.

Firstly, musically speaking, there is a gradual deepening of their engagement with traditional
material: from the superficial use of ethnic symbols to a more complex form of cultural synthesis,
involving the reworking of aesthetic principles, a return to classical literary motifs, and the creative
transformation of philosophical ideas.

Secondly, the artists adopt a differentiated public strategy: in official contexts, they emphasise
continuity and cultural heritage, whilst in youth communities they maintain an innovative and
partly protest-oriented image.

Thirdly, in the commercial sphere, they use the effect of public controversy to expand their
audience, whilst simultaneously raising the artistic quality of their product to legitimise themselves
not only as a media project but also as a cultural phenomenon.

A typical example of this evolution is the changing approach to national symbolism. Whereas
in the early stages, traditional elements were displayed in an explicit and visually emphasised form
(national costumes, ethnic instruments), integration subsequently became more conceptual:
tradition is interpreted through a contemporary formal language, creating a hybrid cultural model
that transcends the binary opposition of ‘East—West'.
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The commercial market plays a dual role in this field of conflict. On the one hand, it affords
Q-POP relative autonomy from direct ideological control, allowing it to cater to the tastes of a
young audience. On the other hand, the demands of commercial viability can undermine the
genre’s original innovative and critical potential, contributing to its gradual normalisation.

Nevertheless, cultural producers are not merely passive subjects of market logic. On the
contrary, there are attempts to strike a balance between commercial success and artistic
experimentation, thereby establishing a model for the coexistence of cultural innovation and
market sustainability.

Of particular significance is the correlation between the development of Q-POP and the
transformation of Kazakhstan’s national policy. Since gaining independence, the state strategy has
gone through several stages: from emphasising the ethno-cultural dominance of the titular nation
to proclaiming cultural diversity, and then to the formation of a civic model of national identity.

The evolution of Q-POP shows a subtle correlation with these changes. During the phase of
strengthening the Kazakh ethno-cultural component, the emphasis on the Kazakh language and
traditional symbols resonated with the state agenda. During the period when cultural pluralism
was being promoted, the genre’s multilingual practice and inter-ethnic appeal were in line with
the official stance. In the context of the formation of civic identity, Q-POP, as a supra-ethnic youth
culture, proved to be in tune with the idea of an inclusive national community.

The Q-POP case demonstrates the complex interplay between cultural innovation and social
structure in post-Soviet society. Social institutions set the boundaries of what is permissible and
delineate the space of possibilities; however, cultural practices, through symbolic production, are
capable of gradually expanding and redefining these boundaries. It is precisely this dialectical
dynamic that ensures the gradual transformation of society whilst preserving elements of
continuity.

The field of cultural dialogue in which Q-POP operates remains open and fluid. The
development of digital media and the acceleration of global cultural flows are creating new
opportunities for international dialogue and regional cooperation — particularly within Central
Asia, Mongolia and in engagement with the Korean music industry. At the same time, changes in
the political and economic climate and a complex geopolitical landscape may introduce new
constraints. Regardless of specific trajectories of development, Q-POP retains its significance as a
unique cultural arena of confrontation and negotiation. Its analysis provides a valuable analytical
tool for understanding the processes of cultural and identity transformation in post-Soviet
Kazakhstan.

Basic Provisions

The study developed and formulated the following scientific results:

- It was revealed that Q-POP was formed under the influence of globalization, digitalization,
and the Korean pop industry, while adapting national cultural elements of Kazakhstan.

- It was established that Q-POP represents an example of cultural glocalization, combining
global musical formats with the Kazakh language, local symbolism, and national identity.

- It was revealed that Q-POP has become an important space for the formation of modern
youth identity and cultural expression in Kazakhstan.

- It was found that the genre has sparked public debates related to issues of traditional values,
gender aesthetics, and the cultural influence of global popular culture.

- It was established that, with the institutionalization and commercialization of Q-POP, it
gradually integrated into the official cultural discourse and national branding of Kazakhstan.

- It was determined that Q-POP has the potential as a tool of soft power and cultural
diplomacy, contributing to the promotion of Kazakhstan's modern image in the digital media
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space. - The existence of internal contradictions within Q-POP between globalization and local
identity, commercialization and cultural resistance is demonstrated.

Conclusion

A comprehensive analysis of the Q-POP phenomenon allows us to clarify the internal
dynamics of cultural processes in Kazakhstan and to rethink the specifics of post-Soviet nation-
building. The formation of national identity is seen not as a unilateral state project, but as a multi-
level process of cultural negotiation involving various actors and internal tensions.

State institutions seek to integrate Q-POP into the official narrative and use it as a resource
for symbolic representation; conservative forces criticise the genre on grounds of ‘authenticity’;
the market directs its development according to the logic of commercial efficiency; young people
view it as a space for exploring and articulating new identities. The interaction of these forces
creates a dynamic equilibrium: Q-POP remains within the mainstream whilst retaining the
potential for cultural innovation and elements of symbolic opposition. In doing so, it reflects the
unfinished and open-ended nature of Kazakhstan’s national project.

The Q-POP case challenges simplistic interpretations of globalisation. It cannot be reduced to
either cultural homogenisation or direct local resistance. The genre demonstrates a mechanism
of glocalisation: borrowed K-POP models are integrated with Kazakh traditions and current social
realities, forming hybrid forms that are both globally recognisable and locally specific. Cultural
innovation arises here as a result of creative adaptation, rather than mechanical copying.

From an intergenerational perspective, Q-POP reflects the cultural agency of Kazakhstan’s
youth amidst the rapid social changes and normative uncertainty of the post-Soviet era. Rather
than passively adopting external models, the younger generation engages in independent cultural
construction. Q-POP serves both as a result and an instrument of this process, providing symbolic
resources for the formation of identity and a sense of ‘ontological security’.

The study has limitations. Q-POP remains a relatively recent phenomenon, and its long-term
effects require further empirical analysis. The focus on an urban student audience narrows the
picture of how the genre is perceived in rural and other social contexts. Furthermore, a more in-
depth study of trans-ethnic practices and intercultural reception appears to be a promising avenue
for further research.

Thus, Q-POP extends beyond the entertainment industry and serves as an analytical lens
through which to view post-Soviet transformation. It provides a space for cultural discourse on the
substance of national identity and stands as a testament to the creativity of the younger
generation in the context of globalisation. At the intersection of local and global influences, Q-POP
remains a key indicator and interpretative resource for analysing the cultural dynamics of
contemporary Kazakhstan.
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