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DEVELOPMENT OF A PPO-BASED MODEL
FOR OPTIMIZING INDUSTRIAL ENERGY
CONSUMPTION

D. A. Moryak

Atyrau Oil and Gas University named after Safi Utebayev, Atyrau, Kazakhstan
S. A. Batikhanov

Atyrau Oil and Gas University named after Safi Utebayev, Atyrau, Kazakhstan

Abstract. The article considers a reinforcement learning model for optimizing industrial
energy consumption using the Proximal Policy Optimization (PPO) algorithm. The proposed
approach is aimed at supporting energy management decisions under variable production
demand, dynamic electricity prices, equipment condition constraints and the availability of local
generation and battery storage. The energy management task is formulated as a Markov decision
process, where the state space includes production load, energy price, solar generation, battery
state, equipment health and demand indicators. The action space is represented by a continuous
control vector for changing equipment load levels, while the reward function combines energy
cost reduction, demand satisfaction and equipment health preservation. The model is tested in
the IndustrialEnergyEnv simulation environment and compared with a baseline control scenario.
The results show that the PPO-based model can reduce total energy consumption and economic
cost; however, additional reward balancing is required to ensure full production demand
satisfaction.

Keywords: energy management; industrial automation; reinforcement learning; PPO;
SCADA; simulation environment; optimization; energy consumption.

1. Introduction

Efficient use of energy resources is one of the key conditions for reducing production costs
and improving the reliability of industrial enterprises. In many production facilities, energy
consumption is directly related to equipment operating modes, technological load, production
schedules and the price of electricity. Therefore, energy management should not be considered
only as a metering or reporting function. It should become a data-driven control task that supports
operational decision-making [1].

Traditional energy management approaches are often based on predefined rules, periodic
reporting, operator experience or static optimization. Such approaches can be effective under
stable operating conditions, but they are not always flexible enough for modern industrial
environments. Production demand, electricity tariffs, local generation, battery state and
equipment condition may change at the same time. As a result, the energy management system
must be able to adapt to changing conditions and select control actions based on the current state
of the enterprise.

Reinforcement learning is one of the promising methods for solving such sequential control
problems. In this approach, an agent observes the state of the environment, selects an action and
receives a reward that reflects the quality of the selected decision [2]. Over time, the agent
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improves its policy and learns to select actions that provide better long-term results. This logic is
suitable for industrial energy management, where a locally beneficial decision may have negative
consequences in the future.

The purpose of this article is to develop a PPO-based model for optimizing industrial energy
consumption and to evaluate it in a simulation environment by comparison with a baseline control
scenario.

2. Formulation of the Energy Management Problem

In this study, the energy management problem is represented as a Markov decision
process [2]. This representation makes it possible to describe the interaction between the control
agent and the industrial energy environment through a set of states, actions, transition rules and
rewards. In general form, the model is written as follows:

M =<S,A,P,Ry >, (1)

where S is the set of states, A is the set of actions, P is the transition mechanism between
states, R is the reward function and y is the discount factor that determines the importance of
future rewards.

The state space includes both energy and production parameters. In the proposed model,
the state vector contains information about production load, equipment health, electricity price,
solar generation, battery state and current production demand. This allows the agent to evaluate
energy consumption not as an isolated numerical value, but as part of the overall production
context.

The action space is defined as a continuous control vector that changes the load levels of
production equipment. The agent must not only reduce energy consumption, but also avoid
excessive equipment degradation and maintain the required production output. This makes the
task multi-objective and more realistic for industrial applications.

The reward function combines several components: reduction of electricity cost, reduction
of grid energy consumption, satisfaction of production demand, preservation of equipment health
and limitation of inefficient load peaks. Therefore, the model is not aimed at simple energy saving
only. It is designed to search for a balance between energy efficiency, production performance
and operational reliability.
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Table 1. Main indicators used for model evaluation

No. Indicator Unit Description
Cost of energy
1 Total economic cost KZT purchased from the

external grid

Total energy

2 Energy consumption kWh consumed during the
simulation

Degree of fulfiiment
3 Demand satisfaction % of production
demand

Ratio of peak power
to average power
Average load level of
the system

General performance
6 Total reward units indicator of the RL

policy

4 Peak-to-average ratio ratio

5 Average power kW

3. PPO-Based Control Model

The Proximal Policy Optimization algorithm was selected because it is suitable for control
tasks with continuous action spaces and provides stable policy updates. PPO limits excessive policy
changes during training and therefore reduces the risk of unstable control behavior. This is
important for industrial energy management, where abrupt changes in equipment load may affect
production quality, equipment reliability and energy consumption dynamics [3].

The PPO algorithm is based on the actor—critic architecture. The actor selects the control
action, while the critic evaluates the quality of the selected action. This structure allows the agent
to learn not only from immediate energy savings, but also from the expected long-term effects of
its decisions. In the proposed model, the PPO agent receives the current state of the industrial
energy system and generates control actions that define the load levels of production equipment.

The general architecture of the proposed system includes the industrial data acquisition
layer, the preprocessing module, the simulation environment, the PPO agent and the analytical
layer. Data may be received from sensors, meters, PLC and SCADA systems [6]. After
preprocessing, the information is transferred to the RL-based decision-making module. The
resulting control strategy can be further integrated with SCADA, ERP or business intelligence
platforms [7].
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Structural diagram of the IndustrialEnergyEnv
simulation environment for training an RL model
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The IndustrialEnergyEnv environment models the operation of an industrial energy
system and enables the PPO agent to learn an efficient energy allocation strategy.

Figure 1. Structure of the IndustrialEnergyEnv simulation environment for PPO agent training

4. Simulation Environment

The proposed model was tested in the IndustrialEnergyEnv simulation environment. The
environment was designed to imitate the energy consumption process of an industrial workshop
without direct influence on a real production facility. Such an approach is useful for testing
reinforcement learning algorithms, because it allows the agent to explore different scenarios
without creating risks for actual equipment or production processes.

The simulation model represents a glass unit production workshop with several key
technological machines. The environment includes equipment power, working modes, electricity
tariffs, solar generation, battery state and production demand. At each time step, the agent
observes the current state, selects an action, and the environment returns a new state and reward
value.

The pilot object structure used in the simulation is shown in Figure 2. The scheme
demonstrates the relationship between production equipment, energy supply sources, battery
storage, monitoring systems and the decision-making module.
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Figure 2. Technological and energy structure of the pilot production object

5. Results and Discussion
The PPO-based control scenario was compared with a baseline control scenario. Both

scenarios were tested under the same simulation conditions. The comparison was carried out
using total economic cost, total energy consumption, demand satisfaction, peak-to-average ratio,
average power and total reward.

Table 2. Comparative results of the baseline and PPO scenarios

Indicator Baseline scenario PPO scenario Difference

Total cost, KZT 22,563.2 5,685.77 -74.8%
Energy consumption, 0
Wh 921.4 392.1 57.4%
D d satisfacti

(yeman satisfaction, 100 479 59.1%
0

Peak-to-average ratio 1.1 1.7 worse
Average power, kW 38.4 16.3 lower
Total reward -28.9 -18.6 +10.3

The results show that the PPO agent significantly reduced both total cost and energy
consumption. Compared with the baseline scenario, total economic cost decreased by 74.8%,
while total energy consumption decreased by 57.4%. This confirms that the agent learned to
reduce energy use and limit the amount of energy purchased from the external grid.

At the same time, the results also reveal an important limitation. Demand satisfaction
decreased from 100% in the baseline scenario to 47.9% in the PPO scenario. This means that the
agent gave excessive priority to energy saving and did not sufficiently maintain production
demand. Thus, the current version of the reward function does not fully balance energy efficiency

and production performance.
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The increase in the peak-to-average ratio from 1.1 to 1.7 also requires attention. It
indicates that the load was not evenly distributed during some time intervals. Therefore, future
versions of the model should include additional penalty terms for peak loads and stronger
constraints on production demand satisfaction.

SOHOMMA WLIFLIHL, % KyyH SHEprUACSI, KET-Car RL 04CKapY Whirbinel, T Ba3antiK; WeLM, TT SHaIpic CYpaHBICEIM KauTY, %

69.4% 64.3 75491 24 634,09 54%

3NOKTP IHOPIUACK! TYTiNY, KBT-Car HMHEKTANFEH WITLIN QNHIMMKSCH, T

Carar

OHAIPICTIK CYPIHBIC XOHO WLIFBPbIM AXTyMyRSTOp SapAG (%) X838 Tapep (1T)

Cpwac [ AL erosu [ Gasanus Lurcen Ancpenarop (RL

Mawunanap kyAl

Wt vacy (OPUMSC) TomeH (2%) 1 FopueTHSSIR  Tousw (2%)

Kanenme! Manc: 848 Kaneemet Mie: 2218 Kansinme!
KaneinTe!

WwTepaxTeT! Gackapy (Manual interventions)

— .

CaneicTeipy recTect Xydenix nor (System Log)

KepceTriu Ba3ansik cusHapuit RL cussapmill AywiTy :_‘; 2 ' a

Figure 3. Dashboard and performance graphs of the PPO-based energy management system

Conclusion

This article presented a PPO-based model for optimizing industrial energy consumption.
The energy management task was formulated as a Markov decision process, and the main
elements of the model, including the state space, action space and reward function, were defined.
The model was tested in the IndustrialEnergyEnv simulation environment and compared with a
baseline control scenario.

The obtained results show that the PPO-based model can reduce total energy consumption
and economic cost. However, the decrease in production demand satisfaction indicates that the
reward function must be further improved. In real industrial applications, energy saving should
not lead to the violation of production requirements. Therefore, the proposed model should be
considered not as a ready-to-deploy industrial solution, but as a simulation-based prototype for
intelligent industrial energy management.

Future research should focus on reward function balancing, integration with real SCADA
data, the development of a test stand and comparison of PPO with other reinforcement learning
algorithms such as DQN, A2C and SAC [2, 5].
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AHHOTauuA. B cTaTbe paccmaTpuBaeTca MOAeNb ONTMMM3ALUMM  MPOMbILLIIEHHOrO
sHepronoTpebieHMa Ha OCHOBE MeTo4a 0DYYEHNS C NOAKPENIEHUEM C MPUMEHEHNEM aNTOPUTMA
Proximal Policy Optimization (PPO). Mpeanaraemblit Noaxo HanpasieH Ha NOAAEPHKKY NPUHATUSA
PEWIeHNN B CUCTEME 3HEPreTMYecKoro MeHeKMeHTa B  YC/A0BMAX WM3MEHANLLEroca
NPOM3BOACTBEHHOMO CNPOCa, AMHAMMUYECKUX LEH Ha 3/1EKTPOIHEPIMIO, OTPAHUYEHMI, CBA3AHHbIX
C TEeXHMYECKMM cocTosHMeM 060pyAoBaHMA, a TaKXKe HaAM4MA JIOKa/NbHOM reHepaumm W
aKKYMy/IATOPHOro Hakonutena. 3aAada ynpasneHusa aHepronoTpebneHnem GopmMyanpyeTcs Kak
MapKOBCKWI  MpoLecc NpPUHATMA peLleHnint, rae NPOCTPAHCTBO COCTOAHWI  BKAOYAET
NPOW3BOACTBEHHYIO HArpy3Ky, LEHY 3HEPTMM, COTHEYHYIO reHepaLMIo, COCTOSTHUE aKKyMyAaTopa,
TEXHWYECKOe CoCToAHMe ob6opyaoBaHMA M MokasaTennm cnpoca. [1poCcTpaHCTBO AenCcTBuMiMA
NpeacTaBNeHO HenpepbiBHbIM BEKTOPOM YMNpPaBAeHWA A48 WM3MEHEHWA YPOBHEM 3arpysKku
obopyaoBaHua, a GYHKUMA BO3HArpaxkaeHUa obbeAMHAET CHUMKEHME 3HepreTUYeckmx 3aTtpar,
yAOBNETBOPEHNE MNPOM3BOACTBEHHOIO CMPOCAa W COXPaAaHEHME TEXHWYECKOro COCTOAHMA
obopyaosaHua. Moaenb NpoTecTMpoBaHa B CUMynAUMOHHOM cpeae IndustrialEnergyEnv m
CpaBHeHa ¢ 6a30BbIM CLLeHapuem ynpasaeHus. MonyyeHHble pe3ynbTaTbl NOKa3blBatoT, 4To PPO-
OpMEeHTMPOBaHHasA Modenb cnocobHa CHM3UTbL obllee 3HepronoTpebneHne n 3KOHOMUYECKMNe
3aTpaTtbl; OAHAKO A/1A TMOJHOro YAOBMETBOPEHMA MNPOM3BOACTBEHHOrO crnpoca TpebyeTcs
A0NONHUTENbHAsA BanaHCMPoBKa GYHKLUMM BO3HArpamaeHUA.

KntoyeBble CNOBa: 3HEPreTUYECKUI MEHEeOKMEHT, MNPOMbIWAEHHAs aBTOMaTM3auUms;

obyyeHne c¢ nogkpenneHmem; PPO; SCADA; cumMynAauUMOHHAA cpeda; ONTMMMU3aums;
aHepronoTpebneHue.
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Methods and Technologies for Evaluating
the Effectiveness of Logistics Management
Processes in Corporate Information
Systems

Farid Jafarov Teymur
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Abstract

The systematic evaluation of logistics management processes within corporate
information systems (CIS) represents a foundational operational requirement for enterprises
seeking to maintain competitiveness in increasingly complex supply chain environments. Despite
widespread deployment of Enterprise Resource Planning (ERP), Warehouse Management System
(WMS), and Transportation Management System (TMS) platforms, organizations frequently lack
the structured methodological apparatus necessary to assess process effectiveness beyond
reactive financial reporting. This article presents a comprehensive analysis of the methods and
technologies applicable to logistics CIS evaluation, integrating canonical IS success frameworks,
specifically the DeLone and McLean IS Success Model, the Balanced Scorecard, and the Supply
Chain Operations Reference (SCOR) model, with quantitative KPI measurement methodologies
and qualitative diagnostic approaches. A formal taxonomy of ten key performance indicators is
developed and operationalized through corporate system data sources. The technological
enablers of evaluation, Business Intelligence dashboards, ERP-native analytics modules, and
process mining platforms, are examined in detail. A hypothetical scenario application
demonstrates the practical diagnostic and corrective value of structured evaluation, documenting
post-intervention improvements of up to 19.2 percentage points in Perfect Order Rate and 45.8%
reduction in Goods Receipt Processing Time within a regional freight and warehousing enterprise.
The findings affirm that structured, technology-mediated evaluation of logistics IS effectiveness is
a prerequisite for sustained operational performance.
Keywords: logistics information systems, ERP evaluation, WMS performance, SCOR model, KPI
measurement, process mining, Business Intelligence, supply chain management.

Korporativ informasiya Sistemlarinde Logistika idareetma Proseslarinin Effektivliyinin
Qiymatlandirilmasi Metod va Texnologiyalari
Farid Cafarov Teymur
Azarbaycan Dévlat igtisad Universiteti
ORCID: 0009-0004-9015-5774

Xilasa

Korporativ informasiya sistemlarinds (KiS) logistika idarsetma proseslarinin sistemli
giymatlandirilmasi, getdikca murakkablasan tachizat zanciri mihitlerinds ragabat gabiliyystini
gorumaga calisan muassisaler Ucln asas amaliyyat talabi kimi ¢ixis edir. Mlassisa Resurs
Planlasdirmasi (ERP), Anbar idarsetma Sistemi (WMS) va Nagliyyat idarsetma Sistemi (TMS)
platformalarinin genis tatbigina baxmayaraq, taskilatlar cox vaxt reaktiv maliyya hesabatciliginin
hidudlarini asaraqg prosesin effektivliyini giymatlandirmak Gcln lazim olan struktur metodoloji
aparatdan mahrumdur. Bu magals logistika KiS giymatlandiriimasina tatbig edilan metod ve




Proceedings of the 13th International Scientific Conference

texnologiyalarin hartarafli  tahlilini tagdim edir: Delone va Mclean IS Ugur Modeli,
Balanslasdiriimis Hesab Karti va Tachizat Zancirinin @maliyyat istinad (SCOR) modeli kimi kanonik
IS ugur carcivalari kemiyyat KPI dlcma metodologiyalari va keyfiyyat diagnostik yanasmalarla
birlesdirilir. On asas faaliyyat gostaricisinin formal taksonomiyasi hazirlanmis ve korporativ sistem
malumat manbalari vasitasile operasionallasdiriimisdir. Qiymatlandirilmanin texnoloji imkanlari,
Biznes Kaskiyyati (Bl) idara panellari, ERP-daxili analitika modullari va proses mining platformalari,
atrafli tadqgig edilmisdir. Hipotetik ssenari giymatlandirilmanin praktiki diagnostik va dizaldici
dayarini nimayas etdirir: regional yik dasima va anbar miassisasinde mudaxiladan sonra
Mikammeal Sifaris Daracasinin 19,2 faiz bandi artmasi va Mal Qabulu Emal Muddatinin 45,8%
azalmasi geyda alinmisdir. Naticalar gostarir ki, logistika KiS effektivliyinin struktur, texnologiya
vasaciliyi ile giymatlendirilmasi davamli amaliyyat faaliyyatinin zaruri sartidir.

Agar sozlar: logistika informasiya sistemlari, ERP giymatlandirilmasi, WMS faaliyyati, SCOR modeli,
KPI 6lcmasi, proses mining, Biznes Kaskiyyati, tachizat zanciri idaraetmasi.

1. Introduction

The governance and continuous improvement of logistics operations within large-scale
enterprises represent one of the most operationally demanding challenges confronting
contemporary organizations. As global supply chains extend across multiple jurisdictions, involve
distributed warehousing infrastructures, and depend upon real-time material flows coordinated
across heterogeneous enterprise platforms, the capacity to rigorously evaluate the effectiveness
of the information systems that underpin these processes has become a matter of strategic
necessity rather than administrative convenience. Corporate logistics, understood in its broadest
systemic sense, encompasses the integrated management of procurement, inventory positioning,
order fulfillment, inbound and outbound transportation, and reverse logistics, each sub-process
generating transactional data that must be captured, validated, and interpreted within the
architecture of a corporate information system (CIS).

The emergence of Enterprise Resource Planning (ERP) platforms, such as SAP S/4HANA and
Oracle Fusion Cloud, alongside specialist Warehouse Management Systems (WMS) and
Transportation Management Systems (TMS), has fundamentally altered the informational
substrate upon which logistics management decisions are made. These systems do not merely
automate clerical functions; they serve as the central repositories of process state, generating
event logs, fulfillment records, carrier performance data, and inventory adjustment histories that,
when subjected to rigorous analytical scrutiny, yield measurable indicators of process health and
systemic dysfunction. The question of how effectively these systems support logistics objectives,
and by what methodology that effectiveness is to be judged, constitutes the central problematic
of the present investigation.

Despite the widespread deployment of sophisticated CIS platforms in corporate logistics
environments, a persistent gap exists between the technical capabilities these systems offer and
the degree to which organizations exploit those capabilities for systematic performance
evaluation (Fatorachian & Kazemi, 2021). Organizations frequently operate ERP and WMS
modules at partial functional capacity, with evaluation activities confined to periodic financial
reporting rather than continuous process-level diagnostics. The consequences of this evaluative
deficit are not trivial: unflagged inefficiencies in order cycle management compound into
inventory carrying cost overruns; undetected latency in WMS transaction processing generates
stock discrepancies that propagate through downstream planning cycles; and systemic failures in
TMS route optimization go unmeasured, resulting in carrier cost overruns that erode logistics
margins without appearing in standard financial statements.
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This article proceeds from the theoretical premise that effective evaluation of logistics
management processes within CIS environments requires a multi-dimensional methodological
apparatus, one that integrates established IS success frameworks with domain-specific
operational metrics, and that is capable of distinguishing between system-level performance (the
technical functioning of the CIS itself) and process-level performance (the logistical outcomes the
system is designed to support). The distinction is critical: a WMS may exhibit high system
availability and sub-second transaction response times while simultaneously producing inaccurate
inventory records due to misconfigured putaway logic or inadequately validated goods-receipt
workflows. Conflating system performance with process effectiveness represents a fundamental
methodological error that the present work seeks to address.

2. Literature Review

2.1. The DeLone and McLean IS Success Model

The foundational theoretical framework for evaluating the effectiveness of information
systems in organizational contexts was articulated by Delone and Mclean (1992), whose
multidimensional IS Success Model proposed six interdependent categories of system success:
system quality, information quality, use, user satisfaction, individual impact, and organizational
impact. The model represented a significant departure from unidimensional evaluation
paradigms, which had previously assessed IS effectiveness through narrow proxies such as user
adoption rates or system uptime alone. The updated formulation of the model (DeLone & MclLean,
2003) introduced service quality as a seventh dimension and consolidated the impact categories,
reflecting the maturation of IS evaluation practice over the intervening decade.

When applied to logistics CIS environments, specifically to ERP modules governing
procurement-to-pay cycles, WMS platforms coordinating warehouse slotting and pick-path
optimization, and TMS systems managing carrier selection and freight settlement, the DeLone and
McLean framework surfaces a set of evaluative tensions that are particularly salient. System
quality, operationalized through availability metrics, transaction throughput rates, and data
integrity indices, must be assessed not in isolation but in relation to the process loads imposed by
peak logistics activity, such as end-of-month settlement cycles or seasonal inbound freight surges.
Information quality, which encompasses the accuracy, completeness, timeliness, and consistency
of data outputs, is directly consequential for logistics decision-making: an ERP system that
generates procurement forecasts on the basis of stale inventory master data will systematically
produce reorder recommendations that are misaligned with actual stock positions, irrespective of
how technically sound its underlying algorithms may be.

The use dimension of the model acquires particular complexity in logistics CIS contexts,
given that system interaction patterns vary substantially across user roles, from warehouse
operatives using mobile radio-frequency (RF) scanning terminals to interface with WMS putaway
and picking workflows, to logistics planners interacting with ERP demand planning modules
through dashboard-based interfaces. Aggregate measures of system use therefore mask the
differential utilization patterns that may explain localized process failures (Gunasekaran et al.,
2018). The organizational impact dimension, similarly, is difficult to operationalize, precisely
because it requires attributing performance outcomes at the process level to specific system
interventions while controlling for exogenous variables including changes in carrier capacity, shifts
in demand seasonality, and modifications to supplier lead times.
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2.2. The Balanced Scorecard Applied to Logistics Information Systems

Kaplan and Norton's (1992) Balanced Scorecard (BSC) framework, originally conceived as a
strategic management instrument for translating organizational vision into actionable
performance objectives across four perspectives, financial, customer, internal business processes,
and learning and growth, has been extensively adapted for supply chain and logistics performance
measurement (Bigliardi et al., 2020). Its core contribution to logistics CIS evaluation lies in its
insistence on multi-perspectival measurement: whereas purely financial evaluations of logistics
system performance reduce operational complexity to cost and margin metrics, the BSC compels
analysts to attend simultaneously to customer-facing service outcomes, internal process efficiency
indicators, and the organizational learning infrastructure that sustains long-term capability
development.

In the specific context of corporate logistics CIS evaluation, the BSC's internal business
process perspective maps most directly onto the operational KPIs that constitute the practical
focus of performance measurement in ERP, WMS, and TMS environments. Metrics such as order
fulfillment cycle time, warehouse pick accuracy rates, and freight cost per unit shipped are
properly understood as internal process indicators within a BSC architecture. The customer
perspective, by contrast, demands attention to service level agreement (SLA) compliance rates,
on-time-in-full (OTIF) delivery performance, and customer complaint rates attributable to logistics
failures. The financial perspective captures the cost implications of process performance:
inventory carrying costs as a percentage of goods value, demurrage and detention charges arising
from port and terminal delays, and the total landed cost of goods as calculated through TMS
freight settlement modules.

A notable limitation of the BSC when applied to logistics CIS evaluation is its dependence
on strategic alignment processes that require senior management engagement and cross-
functional consensus on performance priorities. In organizations where logistics IS governance is
fragmented, with WMS administration managed by IT operations, TMS configuration managed by
the logistics function, and ERP master data governance managed by a separate data management
office, the construction of a coherent BSC that integrates metrics across these system boundaries
is organizationally demanding and frequently incomplete (Akhtar et al., 2019).

2.3. The Supply Chain Operations Reference Model

The Supply Chain Operations Reference (SCOR) model, developed and maintained by the
Association for Supply Chain Management (ASCM), provides the most domain-specific evaluative
framework for logistics process assessment. SCOR organizes supply chain activities into six primary
process types: Plan, Source, Make, Deliver, Return, and Enable, and defines performance
attributes across five dimensions: reliability, responsiveness, agility, costs, and asset management
efficiency (Brandenburg et al., 2019). For each process type and performance attribute, SCOR
prescribes a hierarchical set of metrics, ranging from Level 1 strategic metrics (such as Perfect
Order Fulfillment and Total Supply Chain Management Cost) to Level 3 diagnostic metrics that
correspond to specific subprocess configurations within ERP and WMS architectures.

The SCOR model's evaluative architecture is particularly well-suited to logistics CIS
assessment because it was constructed from the process ontology of supply chain practice rather
than from abstract IS theory. Its delivery process category encompasses the complete order-to-
delivery cycle, including order management, warehouse execution, and transportation, and
prescribes measurable metrics at each subprocess level that correspond directly to data elements
captured within ERP sales order management modules, WMS dispatch confirmation records, and
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TMS delivery event logs. However, the practical implementation of SCOR-based evaluation within
corporate CIS environments is constrained by the model's assumption of process standardization,
which may not be obtained in organizations where ERP and WMS implementations have been
extensively customized to accommodate idiosyncratic operational requirements (Leukel et al.,
2021).
3. Methodological Approaches

3.1. Quantitative Methods and KPI-Based Measurement

The dominant methodological tradition in logistics CIS evaluation is quantitative, grounded
in the systematic extraction, aggregation, and statistical analysis of transactional data generated
by ERP, WMS, and TMS platforms in the course of normal operational activity. This approach rests
on the conceptual infrastructure of Key Performance Indicator (KPI) measurement, the selection
of a defined set of operational variables, each formally specified with a precise numerator,
denominator, measurement frequency, and target threshold, against which actual system-
mediated process performance is periodically assessed.

The theoretical justification for KPl-based quantitative evaluation is rooted in
measurement theory (Brandenburg et al.,, 2019) and in the broader tradition of management
control systems research, which holds that what is systematically measured is more amenable to
managerial intervention than what is observed only informally (Gunasekaran et al., 2018). In the
logistics CIS context, the measurability of process performance is contingent on the completeness
and integrity of transaction event data captured within the system of record. An ERP system that
timestamps goods-receipt events upon document posting rather than upon physical receipt will
generate order cycle time measurements that systematically understate the actual elapsed time
between carrier arrival and inventory availability, a data quality artefact with direct implications
for the validity of any KPI calculated from that data.

Quantitative evaluation methodologies in logistics CIS contexts encompass several distinct
analytical techniques. Descriptive statistical analysis of KPI time series, calculating means, standard
deviations, percentile distributions, and trend coefficients, provides a baseline characterization of
process performance and identifies systematic patterns of deviation. Statistical process control
(SPC) methods enable the distinction between common-cause variation inherent in logistics
operations and special-cause variation attributable to specific systemic failures or process
disruptions. Regression-based analysis is employed to establish empirical relationships between
system-level variables and process outcome metrics, allowing analysts to quantify the marginal
impact of system performance degradation on logistics process effectiveness. Process mining
techniques, applied to ERP and WMS event logs, reconstruct the actual execution traces of
logistics processes and compare observed process flows against normative process models,
identifying deviations, bottlenecks, and rework loops invisible in aggregate KPI summaries (van der
Aalst, 2019).

3.2. Qualitative Methods

Quantitative KPI measurement, while essential, is methodologically insufficient as a sole
evaluative instrument. Quantitative indicators identify that a performance deviation has occurred;
they do not, in themselves, explain why the deviation occurred or identify the organizational,
configurational, or procedural factors that gave rise to it. Qualitative methods, including
structured interviews with logistics system users and process owners, observational studies of
warehouse and transport planning workflows, and document analysis of system configuration
records and standard operating procedures, are therefore necessary complements to KPI-based

analysis.
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Semi-structured interviews conducted with WMS operators, inventory controllers, and
logistics IS administrators can surface tacit process knowledge, regarding informal workarounds,
undocumented data entry conventions, and known system limitations, that is not encoded in any
transactional database and cannot be retrieved through quantitative query (Poba-Nzaou et al,,
2020). The integration of quantitative and qualitative methods within a mixed-methods evaluation
design constitutes the methodologically appropriate standard for comprehensive logistics CIS
evaluation. The quantitative stratum provides systematic, replicable, and statistically defensible
measurement of process performance; the qualitative stratum provides explanatory depth,
contextual validity, and access to organizational phenomena that are not amenable to
quantification (Azevedo & Santos, 2019).

Table 1
Key Performance Indicators for Evaluating Logistics Information Systems

# KPI Name Formal Definition ~ Unit System Source Measurement Method

1 Order Cycle Total elapsedtime Hours/ ERP Sales OCT =T_delivery -
Time (OCT)  from confirmed Days Order Mgmt; T order creation;

order placement in WMS extracted via ERP
ERP to physical outbound document

delivery shipment timestamping;
confirmation, confirmation aggregated as mean
inclusive of all and percentile per
processing, period.

picking, packing,

and transit stages.

2 Inventory Proportion of SKU-  Percentage WMS IRA = (N_matched /
Record location records in (%) inventory N audited) x 100;
Accuracy WMS/ERP that master; ERP derived from cycle
(IRA) exactly match MM — count reconciliation

physically verified Inventory against WMS bin-level
stock counts at the Mgmt; cycle stock records.

same location count records

during audit.

3  Perfect Percentage of Percentage ERPSD POR = (N_perfect /
Order Rate  orders fulfilled (%) module; TMS N _total) x 100;
(POR) completely, delivery log; computed by joining

accurately, on- WMS pick ERP, WMS, and TMS
time, and records; CRM  records filtered by
undamaged claims data damage and claim
relative to total flags.

orders dispatched

within the

measurement

period.

4 Warehouse Ratio of correctly Percentage WMS pick task  WPAR = (N_correct /
Pick picked order lines (%) completion N_total_picks) x 100;
Accuracy (correct SKU, records; sourced from WMS

quantity, location)

quality control

task logs cross-
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# KPI Name Formal Definition ~ Unit System Source Measurement Method
Rate to total order lines inspection referenced against
(WPAR) picked in the records packing verification

evaluation period. records.

5  System Proportion of Percentage IT monitoring  SAR = [(T_planned -
Availability  scheduled (%) tools (SAP T _downtime) /

/ Uptime operational hours Solution T planned] x 100;

Rate (SAR)  during which the Manager, derived from incident
logistics CIS is fully Oracle EM); management logs,
available for ITSM incident  excluding planned
transaction management  maintenance windows.
processing.

6  Freight Cost Total actual freight Currency/  TMS freight FCUS = 2C_freight /
per Unit expenditure— Unit settlement; Q_units_shipped;
Shipped carrier charges, ERP FI — computed from TMS
(FCUS) fuel surcharges, accounts invoice settlement

accessorial fees— payable; cost  records reconciled
divided by total center against ERP financial
units dispatched in accounting postings.

the measurement

period.

7  Goods Elapsed time Hours ERP MM GRPT =T_GR_posting
Receipt between physical Goods Receipt - T_dock_arrival;
Processing  arrival of an document; extracted from ERP
Time inbound shipment WMS inbound  timestamps cross-
(GRPT) at the receiving confirmation;  referenced with dock

dock and Dock arrival records.
completion of the Management

goods receipt System (DMS)

document posting

in ERP or WMS.

8  On-Time-In- Percentage of Percentage TMS proof-of-  OTIF = (N_OTNIF /
Full deliveries that (%) delivery; ERP N_total) x 100;
Delivery arrive within the SD computed by joining
Rate (OTIF) specified delivery delivery/billing TMS actual

window AND documents; timestamps with ERP
contain the customer committed dates and
complete ordered portal data WMS shipped
guantity, with no quantities.

partial shipments.

9 Inventory Number of times Ratio ERP MM — ITR=COGS/
Turnover average on-hand (x/period) Inventory avg_inventory value;
Ratio (ITR)  inventory is fully Management; avg = (Inventory_start

depleted and ERP FI— COGS; + Inventory end)/2;
replenished within CO — cost sourced from ERP

a defined fiscal
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# KPI Name Formal Definition ~ Unit System Source Measurement Method
period; ratio of center financial and inventory
COGS to average reporting modules.

inventory value.

10 System Mean elapsed time Milliseconds APM tools; Measured via APM
Transaction between initiation / Seconds SAP CCMS / instrumentation
Response of a standard CIS Oracle AWR; capturing start/end
Time (STRT) transaction event WMS system timestamps;

(WMS pick logs; network  aggregated as mean,
confirm, ERP GR performance P95, and max across
posting, TMS monitoring transaction type
shipment booking) populations.

and return of a
validated system
response.

Note. All KPI calculations assume data extraction from production system environments with
validated data governance controls. Measurement frequency: daily for operational KPIs 1-4 and
7-8; monthly for financial KPIs 6 and 9; continuous for system performance KPIs 5 and 10. ERP =
Enterprise Resource Planning; WMS = Warehouse Management System; TMS = Transportation
Management System; MM = Materials Management, SD = Sales and Distribution; Fl = Financial
Accounting; APM = Application Performance Monitoring;, COGS = Cost of Goods Sold; OTIF = On-
Time-In-Full.

4. Technological Enablers for Evaluation

4.1. Business Intelligence Dashboards

The operationalization of KPl-based performance evaluation in corporate logistics
environments is technologically mediated through a set of distinct but functionally
complementary system classes. The first and most pervasive of these is the Business Intelligence
(BI) dashboard platform, which aggregates transactional data from heterogeneous source
systems, ERP, WMS, TMS, and ancillary supply chain platforms, into consolidated, role-specific
visualizations that support both operational monitoring and strategic performance review.
Platforms such as SAP Analytics Cloud, Microsoft Power BIl, Oracle Analytics Server, and
MicroStrategy are widely deployed in mid-to-large enterprise logistics functions as the primary
interface through which managers and process owners consume performance data (Azevedo &
Santos, 2019).

The evaluative utility of Bl dashboards in logistics CIS contexts derives from their capacity
to reduce the cognitive burden associated with multi-source data synthesis. In a typical corporate
logistics environment, the data elements required to construct a meaningful assessment of
process performance reside in operationally distinct systems with independent data schemas and
refresh cycles. A Bl layer, connected to these source systems through scheduled extract-
transform-load (ETL) processes or real-time API integrations, presents this distributed data as a
unified, temporally consistent performance picture. The design of logistics Bl dashboards must,
however, adhere to evaluative integrity requirements: the data lineage of each KPI displayed must
be formally documented and version-controlled, and the refresh latency between source system
transactions and dashboard display must be clearly disclosed to prevent operational users from
treating stale data as current (Akhtar et al., 2019).
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4.2. ERP Integrated Reporting and Analytics Modules

Beyond standalone Bl platforms, the ERP systems that constitute the transactional
backbone of corporate logistics contain native reporting and analytics capabilities that represent
a primary, and often underexploited, source of logistics process evaluation data. SAP S/4HANA,
for example, provides the SAP Fiori application suite, which delivers role-based analytical
applications for logistics functions including Inventory Turnover Analysis, Delivery Performance
Analytics, and Procurement Overview, each drawing directly from the SAP HANA in-memory
database without requiring data extraction to an external reporting layer. The architectural
advantage of in-memory ERP analytics is the elimination of ETL latency: reports execute against
the current state of the transactional database, ensuring that performance indicators reflect real-
time operational conditions rather than a scheduled snapshot.

The evaluative coverage of ERP-native reporting is constrained by the boundary of the ERP
system itself. In organizations where logistics operations span multiple system platforms, where
WMS functionality is provided by a standalone Koérber or Manhattan Associates system and TMS
capabilities are delivered by platforms such as Blue Yonder or Transporeon, the ERP reporting
layer captures only the subset of logistics process data that has been formally integrated into the
ERP via interface. Performance evaluation that relies exclusively on ERP-native reporting in such
environments will exhibit systematic blind spots corresponding to the process segments handled
by non-ERP systems. A comprehensive evaluation architecture must therefore establish data
integration bridges between all logistics system platforms and the central reporting layer
(Fatorachian & Kazemi, 2021).

4.3. Process Mining as a Diagnostic Evaluation Technology

Process mining constitutes a methodologically distinct and increasingly significant
technological approach to logistics IS evaluation, occupying the conceptual space between
guantitative KPl measurement and qualitative process analysis. The fundamental technique of
process mining involves the automated extraction of event logs from information systems,
capturing the sequence, timing, and actor attributes of discrete process events such as order
creation, picking task assignment, goods issue posting, and delivery confirmation, and the
algorithmic reconstruction of the actual process execution model from those logs, using
conformance checking algorithms to compare observed process behavior against normative
process specifications (van der Aalst, 2019).

In logistics CIS environments, the application of process mining yields evaluative insights
that are inaccessible through conventional KPI dashboards. While a dashboard may indicate that
the mean goods receipt processing time exceeded the target threshold, it provides no information
about where within the goods receipt process excess elapsed time was accumulated, nor which
specific process variants, differentiated by supplier, product category, receiving dock, or shift,
accounted for the greatest share of delay. Process mining analysis of the ERP goods receipt event
log reconstructs the complete execution trace for each individual transaction, identifies the
specific activity sequence steps at which waiting time is concentrated, and classifies transactions
into process variants according to their structural deviations from the standard process flow.
Commercial process mining platforms, including Celonis, SAP Signavio Process Intelligence, and
QPR ProcessAnalyzer, are integrated with standard ERP and WMS data sources through pre-built
connectors, reducing the technical barrier to implementation in SAP and Oracle environments
(Knoll et al., 2019).
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5. Scenario Application: Hypothetical Case Study

5.1. Organizational Context and System Architecture

The following scenario depicts a hypothetical regional freight and contract warehousing
enterprise designated hereafter as TransCargo Logistics LLC (TCL), operating across four regional
distribution centers in a mid-sized economy, with a combined warehousing footprint of
approximately 84,000 square meters and an annual throughput of approximately 2.3 million pallet
movements. TCL's customer base consists primarily of fast-moving consumer goods (FMCG)
manufacturers and pharmaceutical distributors requiring temperature-controlled storage and
time-definite regional delivery services within 48-hour commitment windows.

At the time of the evaluation initiative, TCL operated a legacy ERP system, an on-premises
SAP ERP 6.0 installation deployed in 2011, supplemented by a standalone WMS platform and a
partially implemented TMS module that had not been fully configured for freight settlement or
carrier performance analytics. Reporting activities were conducted through a combination of
manually maintained Microsoft Excel workbooks, periodic ERP standard reports executed by the
IT department on request, and informal verbal status updates communicated through operational
team meetings. No formal KPI framework existed; performance assessment was conducted
reactively, triggered by customer complaints or significant operational incidents, rather than
through continuous process monitoring.
5.2. Evaluation Initiative Design and Implementation

In response to declining OTIF delivery performance, which had deteriorated from 91.2% in
the prior fiscal year to 83.7% over the first two quarters of the evaluation period, TCL's logistics
operations director commissioned a structured process evaluation initiative encompassing: (a)
formal definition and operationalization of a comprehensive KPI framework aligned with SCOR
Level 1 and Level 2 metrics; (b) implementation of a Bl reporting layer connecting the legacy ERP,
WMS, and TMS to a Microsoft Power Bl environment; (c) a process mining analysis of ERP and
WMS event logs for the order-to-delivery and goods receipt processes; and (d) execution of semi-
structured interviews with warehouse supervisors, transport planners, and system administrators
to identify organizational and configurational antecedents of measured performance deviations.

The process mining analysis was conducted using Celonis, applied to 18 months of ERP
sales order management and WMS outbound fulfillment event logs encompassing approximately
340,000 individual order line transactions. Conformance checking against the standard order-to-
ship process model identified three primary structural deviations: (i) a systematic rework loop in
which approximately 23% of pick tasks were subject to picker override events, indicating that the
WMS pick location suggestion was being manually overridden due to inaccurate bin-level stock
data; (ii) a consistent waiting time accumulation of 2.7 hours at the goods issue posting activity,
attributable to a batch-processing configuration in the ERP-WMS interface that transmitted
dispatch confirmations at four-hour intervals rather than in real time; and (iii) a carrier booking
subprocess variant affecting approximately 11% of shipments in which the TMS routing proposal
was rejected and the booking was manually reassigned to a spot-rate carrier, generating an
average freight cost premium of 34% per affected shipment.

Semi-structured interviews with warehouse supervisors corroborated the process mining
findings regarding picker overrides, revealing that the WMS inventory master had not been subject
to a comprehensive cycle counting program for approximately 14 months, resulting in progressive
degradation of bin-level stock record accuracy to a measured IRA of 81.3%, well below the
operational threshold of 97% specified in TCL's quality management framework. ERP system
administrators identified the four-hour batch interface configuration as a deliberate performance
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optimization decision made at the time of the WMS implementation to reduce database load
during peak transaction periods, a configuration whose impact on goods issue processing time had
not been evaluated in the intervening period.
5.3. Remediation and Post-Evaluation Performance

Following completion of the diagnostic phase, TCL implemented a structured set of
corrective interventions: a comprehensive WMS cycle counting program targeting all high-velocity
bin locations over a 12-week period; reconfiguration of the ERP-WMS interface to event-triggered
real-time message transmission using an SAP Application Integration Framework middleware
component; and introduction of a carrier performance scorecard within the TMS, establishing
mandatory performance review gates conditioning continued carrier approval status on OTIF
compliance exceeding 92% over rolling 30-day periods. The Power Bl dashboard was deployed to
logistics operations management, providing daily refresh KPI visibility across all four distribution
centers. Post-implementation measurement, conducted over the subsequent two fiscal quarters,
documented the performance improvements summarized in Table 2.

Table 2
Scenario Results: Pre- and Post-Evaluation Process Metrics for TransCargo Logistics LLC

Pre- Post- Absolute % Change Primary Intervention
Evaluation | Evaluation | Change

1 OTIF 83.7% 93.4% +9.7pp +11.6% Carrier scorecard; ERP-
Delivery WMS interface
Rate reconfiguration; cycle

count program

2 Inventory 81.3% 96.8% +15.5pp +19.1% 12-week WMS cycle
Record counting program; bin-
Accuracy level stock
(IRA) reconciliation

3  Order Cycle 38.4hrs 26.1 hrs -12.3 -32.0% Real-time ERP-WMS
Time — hrs interface; elimination of
Mean (OCT) 2.7-hour goods issue

batch delay

4 Goods 5.9 hrs 3.2 hrs -2.7hrs -45.8% ERP-WMS event-
Receipt triggered message
Processing reconfiguration; dock
Time (GRPT) scheduling

standardisation

5 Warehouse 91.2% 97.6% +6.4pp +7.0% IRA improvement
Pick reducing picker
Accuracy override events from
Rate 23% to 4.1% of tasks
(WPAR)

6  System 97.1% 99.2% +2.1pp +2.2% IT infrastructure
Availability / maintenance schedule
Uptime optimisation; proactive
(SAR) patch management
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Pre- Post- Absolute % Change Primary Intervention
Evaluation | Evaluation | Change
7  Freight Cost €4.73/unit €3.89/unit -€0.84 -17.8% Elimination of spot-rate
per Unit carrier overrides; TMS
Shipped lane optimisation re-
(FCUS) activation
8  Perfect 76.4% 91.1% +14.7 pp +19.2% Composite
Order Rate improvement across
(POR) OTIF, WPAR, and
damage rate reduction
9 Inventory 9.2x/year 11.7x/year +2.5x +27.2% Improved IRA enabling
Turnover accurate reorder point
Ratio (ITR) calculations; reduced
safety stock
10 WMS 4,820ms 1,340 ms -3,480 -72.2% Database index
Transaction ms optimisation; ERP-WMS
Response interface decoupled
Time P95 from batch processing
(STRT)
11 Picker 23.1% of  4.1% of -19.0pp -82.3% Cycle counting restoring
Override tasks tasks WMS bin-level
Event Rate accuracy; location
verification protocol
12 Spot-Rate 11.3% of  2.8% of -85pp -75.2% TMS carrier scorecard;
Carrier shipments shipments contracted carrier
Usage Rate capacity pre-booking
protocol
13 Customer 6.8 per 2.1 per -4.7 -69.1% Downstream effect of
Complaint 1,000 1,000 OTIF, WPAR, and POR
Rate orders orders improvements
(Logistics)
14 Monthly KPI 8.3 0 days -8.3 -100% Power Bl deployment;
Reporting working (automated days (eliminated) automated ETL
Cycle Time  days daily) replacing manual Excel
(manual) workbooks

Note. All pre-evaluation baseline values represent mean performance over the two fiscal quarters
immediately preceding the evaluation initiative. All post-evaluation results represent mean
performance over the two fiscal quarters following full implementation of all corrective
interventions. pp = percentage points; P95 = 95th percentile response time; ETL = Extract-
Transform-Load. The scenario is hypothetical and constructed for illustrative analytical purposes.

6. Conclusion
The foregoing analysis has demonstrated that the evaluation of logistics management
processes within corporate information systems is not reducible to the periodic extraction of
financial performance reports or the informal monitoring of operational incidents. It constitutes a
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structured methodological undertaking that demands the deliberate application of theoretically
grounded frameworks, formally specified KPI architectures, and technologically sophisticated
measurement instruments, applied in combination to produce a diagnostically comprehensive
picture of both system-level and process-level performance.

The literature review established that the canonical IS evaluation frameworks, the DelLone
and McLean IS Success Model, the Balanced Scorecard, and the SCOR model, each contribute
distinct and complementary analytical dimensions to logistics CIS evaluation. The DelLone and
McLean model imposes conceptual discipline regarding the multi-dimensional nature of IS
success, resisting the reductionist tendency to equate system performance with a single
observable outcome. The BSC situates logistics process evaluation within a strategic management
context, ensuring that operational metrics are connected to financial accountability and customer
value commitments. The SCOR model provides the domain-specific process ontology and metric
taxonomy through which abstract evaluation frameworks are translated into the operational
language of procurement, warehousing, and transportation management.

The methodological discussion established that quantitative KPl measurement must be
complemented by qualitative investigation if evaluation findings are to achieve adequate
explanatory depth. The process mining analysis demonstrated in the TCL scenario exemplifies the
diagnostic power of technology-mediated process evaluation: the identification of a 23% picker
override rate, a 2.7-hour batch-induced goods issue delay, and an 11% spot-rate carrier usage
pattern, none of which was visible in the organization's pre-evaluation reporting environment,
enabled targeted corrective interventions that produced measurable improvements of 19.2
percentage points in Perfect Order Rate and a 17.8% reduction in freight cost per unit shipped.

The aggregate evidence presented supports the central proposition of this article: that
structured, technology-mediated evaluation of logistics IS effectiveness is a prerequisite for the
sustained operational performance of corporate logistics functions. Organizations that confine
their evaluative activity to reactive incident management and annual financial review forgo the
process intelligence necessary to identify and address the systemic inefficiencies that compound
silently within their information systems. Future research should address the methodological
challenges associated with evaluating logistics IS effectiveness in multi-enterprise supply chain
contexts, where process performance is jointly determined by the information systems and
operational practices of multiple legally independent organizations.
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AZORBAYCANDA E-TICARST
PLATFORMALARININ INKISAF
PERSPEKTIVLORI VO iQTISADI DAYANIQLIGA
TOSIRININ QIYMSTLONDIRILMBSI

Bahman Blinyatov olasgar
Azarbaycan Dévlat igtisad Universiteti, ORCID NO: 0009-0005-1414-3306

XULASO

Bu magalada Azarbaycanda e-ticarat platformalarinin movcud inkisaf saviyyasi, onlarin galacak
perspektivleri va igtisadi dayanigliga tasiri kompleks sakilds giymatlandirilir. Ragamsal
igtisadiyyatin  suratli inkisafi fonunda e-ticarat platformalari ticarat minasibatlarinin
transformasiyasinda, bazar istirakcilarinin faaliyyat imkanlarinin genislanmasindsa va igtisadi
proseslarin daha cevik taskilinde muhim rol oynayir. Arasdirmada geyd olunur ki, Azerbaycanda
internet infrastrukturunun tekmillasdirilmasi, ragamsal 6danis sistemlarinin genislonmasi va
dovlatin regamsal igtisadiyyata verdiyi dastak e-ticaratin inkisafi G¢ln alverisli sarait formalasdirir.
Magalada e-ticarat platformalarinin  kicik ve orta sahibkarligin inkisafina, masgullugun
artirilmasina, daxili bazarin aktivlasdiriimasina va ixrac imkanlarinin genislanmasina tasiri tahlil
edilir. Xisusila regionlarda faaliyyat gostaran biznes subyektlari lGglin e-ticarat platformalarinin
bazara cixis baryerlarini azaltdigi va raqabat muhitini gliclendirdiyi vurgulanir. Eyni zamanda, e-
ticaratin igtisadi dayaniglhga tasiri makroigtisadi sabitlik, galir manbalarinin diversifikasiyasi va
geyri-neft sektorunun inkisafi kontekstinda giymatlandirilir.

Todgigat naticalari gostarir ki, e-ticarat platformalarinin institusional va texnoloji asaslarinin
glclandirilmasi, hlqugi-normativ bazanin takmillasdiriimasi ve ragamsal savadliigin artiriimasi
igtisadi dayanighgin méhkamlanmasina miUhim tdhfs vera bilar. Magals natica etibarila e-
ticaratin Azarbaycanda uzunmuddatli igtisadi inkisaf strategiyalarinda prioritet istigamatlardan biri
kimi ¢ixis etdiyini asaslandirir.

Acar sézlar: e-ticarat platformalari, ragamsal iqtisadiyyat, iqtisadi dayaniqlig, ki¢ik va orta
sahibkarlqg, geyri-neft sektoru, ragamsallasma, Azarbaycan.

DEVELOPMENT PROSPECTS OF E-COMMERCE PLATFORMS IN AZERBAIJAN AND
ASSESSMENT OF THE IMPACT ON ECONOMIC SUSTAINABILITY

Bahman Blinyatov Slasgar
Azarbaycan Dévlat igtisad Universiteti
ORCID NO: 0009-0005-1414-3306

ABSTRACT

This article comprehensively assesses the current level of development of e-commerce platforms
in Azerbaijan, their future prospects and impact on economic sustainability. Against the backdrop
of the rapid development of the digital economy, e-commerce platforms play an important role
in the transformation of trade relations, the expansion of market participants' activities and the
more flexible organization of economic processes. The study notes that the improvement of the
Internet infrastructure in Azerbaijan, the expansion of digital payment systems and the support
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provided by the state to the digital economy create favorable conditions for the development of
e-commerce.

The article analyzes the impact of e-commerce platforms on the development of small and
medium-sized businesses, increasing employment, activating the domestic market and expanding
export opportunities. It is emphasized that e-commerce platforms reduce market entry barriers
and strengthen the competitive environment, especially for business entities operating in the
regions. At the same time, the impact of e-commerce on economic sustainability is assessed in the
context of macroeconomic stability, diversification of income sources and development of the non-
oil sector.

The research results show that strengthening the institutional and technological foundations of e-
commerce platforms, improving the legal and regulatory framework and increasing digital literacy
can make a significant contribution to strengthening economic sustainability. The article ultimately
justifies the fact that e-commerce acts as one of the priority directions in long-term economic
development strategies in Azerbaijan.

Keywords: e-commerce platforms, digital economy, economic sustainability, small and
medium-sized enterprises, non-oil sector, digitalization, Azerbaijan.

GIRIS

Muasir dovrda qglobal igtisadiyyatin inkisaf trayektoriyasi informasiya-kommunikasiya
texnologiyalarinin (IKT) siratli yayilmasi va ragsmsallasma proseslarinin darinlasmasi ila six
baghdir. Regamsal transformasiya yalniz istehsal va xidmat sahalarinda deyil, eyni zamanda ticarat
minasibatlarinin mahiyyatinda va taskilati formalarinda kokli dayisikliklara sabab olmusdur. Bu
dayisikliklarin an mUhiUm tszahUrlsrindan biri e-ticarst platformalarinin formalasmasi va genis
miqyasda tatbiqgidir. E-ticarat klassik ticarat mexanizmlarini avaz etmakla yanasi, bazar subyektlari
arasinda qarsiligh alagalsrin stratini artirmis, amaliyyat xarclarini azaltmis vea igtisadi faaliyyatin
cografi mahdudiyyatlarini minimuma endirmisdir.

Qlobal migyasda e-ticarat platformalari igtisadi artimin, innovasiyalarin va ragabat qabiliyyatinin
muUhUm drayverlarindan biri kimi cixis edir. Dinya tacribasi gostarir ki, regamsal ticarat
modellarinin inkisafi 6lkalarin igtisadi dayanighginin glclandiriimasinds, xtsusile béhran va geyri-
muayyanlik dovrlarinds alternativ galir manbalarinin formalasdiriimasinda mihim rol oynayir.
COVID-19 pandemiyasi dovriinda e-ticaratin stratli artimi bu sahanin yalniz mivaqggati tendensiya
deyil, uzunmiddatli struktur dayisikliklarinin asas elementi oldugunu bir daha slibut etmisdir. Bu
kontekstda e-ticarat platformalari igtisadi sistemlarin cevikliyini artiran va davamli inkisafi
dastaklayan mihim mexanizm kimi giymatlandirilir.

Azarbaycan Respublikasinda son illar hayata kecirilan igtisadi islahatlar, “Azarbaycan 2030: sosial-
igtisadi inkisafa dair Milli Prioritetlar” ¢arcivasinde muiayyan edilmis ragamsal inkisaf hadaflari e-
ticarat platformalarinin inkisafi Gglin alverisli institusional va texnoloji muihit formalasdirmisdir.
internet infrastrukturunun genislandirilmasi, mobil rabitsnin shats dairssinin artmasi, elektron
odanis sistemlarinin tatbigi va ragamsal dovlst xidmatlarinin inkisafi e-ticaratin genislanmasini
stimullasdiran asas amillar sirasindadir. Xdsusila ganc ahalinin ragamsal texnologiyalara yliksak
adaptasiya saviyyasi va onlayn alis-veris vardislarinin formalasmasi daxili e-ticarat bazarinin
potensialini daha da artirir.

Eyni zamanda, e-ticarat platformalari Azarbaycanda kicik va orta sahibkarlig subyektlari Ggln yeni
imkanlar acir. ©nanavi ticarst formalarinda movcud olan ylksak icara xarcleri, logistik
mahdudiyyatlar va bazara cixis baryerlari e-ticarat vasitasile shamiyyastli deracada azalir. Bu isa
regionlarda faaliyyat gostaran sahibkarlarin mahsul va xidmatlarini daha genis auditoriyaya tagdim
etmasina, daxili bazarla yanasi, xarici bazarlara ¢ixis imkanlarinin genislanmasina sarait yaradir.
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Natica etibarila e-ticarat platformalari sahibkarhgin inkllzivliyini artirmagla yanasi, regional igtisadi
inkisafin stratlandirilmasina da tohfa verir.

Movzunun aktualligl ham da onun igtisadi dayaniglig anlayisi ila birbasa alagasindan irali galir.
igtisadi dayanigliq 6lka igtisadiyyatinin daxili ve xarici soklara garsi davamlilig, resurslardan
samarali istifada ve uzunmuddatli inkisaf potensialinin qorunmasi ila xarakteriza olunur. E-ticarat
platformalari igtisadi faaliyystin diversifikasiyasini temin etmakls, geyri-neft sektorunun inkisafini
stratlondirir, kdlga igtisadiyyatinin azaldilmasina va vergi bazasinin genislanmasina sarait yaradir.
Bu baximdan, e-ticaratin inkisafi Azarbaycanin neft galirlarindan asililiginin azaldilmasi ve dayanigli
igtisadi modelin formalasdirilmasi baximindan strateji shamiyyat kasb edir.

Bununla vyanasi, Azarbaycanda e-ticarat platformalarinin inkisafi  miayyan problemlar va
cagirislarla da musayiat olunur. Hiiqugi-normativ bazanin tam formalasmamasi, kibertahltkasizlik
risklari, istehlak¢ci hlUquglarinin gorunmasi, logistik infrastrukturun geyri-barabar inkisafi va
ragamsal savadliliq saviyyasinda movcud farglar bu sahanin davamli inkisafina mane ola bilacak
asas amillardir. Mahz bu sababdan e-ticarat platformalarinin inkisaf perspektivlarinin va onlarin
igtisadi dayanigliga tasirinin elmi asaslarla giymatlandirilmasi xtsusi ahamiyyat dasiyir.

Bu tadgigatin giris hissasi mdvzunun elmi va praktiki aktualligini ssaslandirmagla yanasi,
Azarbaycanda e-ticarat platformalarinin igtisadi sistemdaki rolunun kompleks sakilda
arasdirilmasinin zaruriliyini ortaya qoyur. Girisda irali strilan yanasmalar magalanin sonraki
bélmalarinds aparilacag analitik tahlil G¢ln konseptual baza formalasdirir va e-ticaratin 6lkanin
uzunmuddatli igtisadi inkisaf strategiyalarinda tutdugu movgeyi aydin sakilds nimayis etdirir.

TOHLIL

Azarbaycanda e-ticarat platformalarinin inkisafi son onillikde ragamsal transformasiya
proseslarinin ayrilmaz tarkib hissasina cevrilmisdir. Qlobal igtisadi sistemda ragamsallasmanin
darinlasmasi fonunda e-ticarst yalniz alternativ satis kanali deyil, eyni zamanda istehsal—istehlak
zancirinin strukturunu dayisdiran strateji mexanizm kimi cixis edir. Azarbaycan igtisadiyyati Ggln
bu proses xUsusi ahamiyyat dasiyir, c¢lnki e-ticarat platformalari geyri-neft sektorunun
genislanmasi, igtisadi diversifikasiya ve dayanigli inkisaf magsadlarinin reallasdiriimasina xidmat
edan mihUm alat rolunu oynayir.

Ilk névbads, Azarbaycanda e-ticaratin inkisaf dinamikasina tasir edan asas amillardsn biri regamsal
infrastrukturun marhalali sakilda takmillasdiriimasidir. Son illarda geniszolagl interneta cixis
imkanlarinin artmasi, mobil internet istifadacilarinin sayinin yiksalmasi va elektron o&danis
sistemlarinin genis tatbigi onlayn ticarat muhitinin formalasmasina alverisli zamin yaratmisdir.
Rasmi statistik malumatlara asasan, dlkada internet istifadacilarinin payi artdigca onlayn alis-verisa
maraq da paralel sakilda yliksalmisdir.
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Qrafik 1. Azarbaycanda internet istifadacilarinin sayi ila e-ticarat dévriyyasi arasindaki
alaga (2015-2023)
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Manba: https://www.stat.gov.az/source/digital development/?lang=en&

Qrafik 1. den gorindiyu kimi, 2015-2023-cl illar arzinds Azarbaycanda internet istifadagilarinin
payinda davamli artim misahida olunmusdur. internet penetrasiyasinin yiksalmasi ils paralel
olaraq e-ticarat dovriyyasinin hacmi ds shamiyyastli daracada artmisdir. Bu dinamika internet
infrastrukturunun inkisafinin va ragamsal texnologiyalara cixis imkanlarinin genislanmasinin e-
ticarat faaliyyatinin intensivlasmasina birbasa tasir etdiyini gdstarir. Qrafikdaki tendensiya e-ticarat
platformalarinin igtisadi aktivliyin genislanmasinda va ragamsal igtisadiyyatin formalasmasinda
mUhUm rol oynadigini tasdiglayir.

E-ticarat platformalarinin igtisadi tasirinin daha darindan tahlili gdstarir ki, bu model xisusila kigik
vo orta sahibkarlig subyektlari Gcln strateji Gstlnlikler yaradir. ©nanavi ticarat formalarinda
yuksak icara xarclari, fiziki infrastruktur talablari va cografi mahdudiyyatlar KOS-larin bazara cixis
imkanlarini mahdudlasdirirdi. E-ticarat platformalari iss bu baryerlari shamiyyatli daracadas
azaldaraq sahibkarlara nisbatan asagi xarclarla genis istehlakgl bazasina ¢ixis imkani verir.

Qrafik 2. E-ticarat platformalarindan istifada edan KOS-larin galir artim tempinin ananavi
ticaratle mugayisasi (2018—-2023)
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Manba: State Statistical Committee of the Republic of Azerbaijan. (2025). Micro, small and
medium entrepreneurship in Azerbaijan: Statistical yearbook [Statistical report]. Retrieved from
https://www.stat.gov.az/source/entrepreneurship/

Qrafik 2. Azarbaycanda kicik va orta sahibkarlig subyektlari (KOS) Ggln e-ticarat platformalarindan
istifade edan va ananavi ticarat faaliyyati gdstaran KOS-larin illar Gzra galir artim tempini
mugayisali sakilda tagdim edir. Vizualdan aydin gorindr ki, e-ticarat vasitasile faaliyyat gostaran
KOS-larda galir artim tempi 2018-dan 2023-a gadar stabil va stratli sakilda ylksalmisdir, snanavi
ticarata nisbatan daha ylksak artim gdstaricilari misahida olunur. Bu dinamika e-ticarat modelinin
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muasir biznes mdihitinds reqgabat UstlUnlUyl verdiyini va sahibkarlig fsaliyystinin igtisadi
performansina misbat tasir etdiyini gostarir.

Makroiqtisadi baximdan e-ticarat platformalarinin inkisafi igtisadi dayanighgin  asas
komponentlarindan biri olan galir manbalarinin diversifikasiyasina xidmat edir. Azarbaycanin
igtisadi modeli uzun muddat neft sektorundan asili olmusdur. Lakin regamsal igtisadiyyatin vo e-
ticaratin inkisafi geyri-neft sektorunun payinin artmasina, daxili istehsalin stimullasdiriimasina va
ixrac potensialinin genisleanmasina sarait yaradir. E-ticarat vasitasile formalasan alava igtisadi deyar
dovlat bldcasina vergi daxilolmalarinin artmasina, masgullugun genislanmasina va sosial rifahin
yuksalmasine misbat tasir gdstarir.

XUsusile diggatalayig magamlardan biri e-ticaratin masgullug strukturuna tesiridir. E-ticarat
platformalarinin genislanmasi yalniz satis sahasinda deyil, eyni zamanda logistika, ragamsal
marketing, IT xidmatlari, muistari dastayi ve malumat analitikasi kimi yeni is sahalsrinin
formalasmasina sabab olur. Bu isa amak bazarinda ¢evik masgullug modellarinin yaranmasina va
ganclarin ragamsal bacariglarinin igtisadi ddvriyyaya inteqgrasiyasina imkan yaradir.

Qrafik 3. E-ticaratin masgullug strukturuna tasiri (sektorlar Gzra paylar)
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Manba: OECD. (2022). Promoting enterprise digitalisation in Azerbaijan [Policy report].
Retrieved from https://www.oecd.org/en/publications/promoting-enterprise-digitalisation-in-
azerbaijan 6a612a2a-en.html

Qrafik 3. e-ticarat faaliyyatinin masgullug strukturuna sektorlar Gzra tasirini aks etdirir. Gorinduyd
kimi, masgullugun an boylik payi onlayn satis va platforma idaraciliyi sahasinin payina disir ki, bu
da e-ticarat platformalarinin asas amsaliyyat proseslarinin insan resurslarina olan talabatini gdstarir.
Logistika va catdiriilma sektorunun vyiiksak payl e-ticaratin inkisafi ile mahsullarin operativ
dasinmasinin va paylanmasinin mithiim rol oynadigini tasdiglayir. IT va texniki dastak, regamsal
marketing ve miustari xidmati sahalari isa e-ticaratin ragamsal xarakterini va xidmat yonUmli
masgullug modellarinin formalasmasini aks etdirir. Umumilikda diagram e-ticarstin masgullugda
struktur dayisikliklarine sabab oldugunu va yeni ixtisaslasmis is sahalarinin yaranmasini
stimullasdirdigini gostarir.

Bununla yanasi, e-ticarat platformalarinin igtisadi dayaniglhga tasiri yalniz misbat aspektlarla
mahdudlasmir. Mdévcud problemlarin va risklarin tahlili bu sahanin davamli inkisafi baximindan
xUsusi ahamiyyat kasb edir. Azarbaycanda e-ticaratin garsilasdigl asas ¢atinliklardan biri hliquqi-
normativ bazanin vyetarinca c¢evik olmamasidir. Elektron miqavilalarin icrasi, istehlakgl
higuglarinin gorunmasi, onlayn ddanislerin tahlikasizliyi va malumatlarin muhafizasi il bagli
mexanizmlarin takmillasdirilmasi zaruri olaraqg galir.

Eyni zamanda, logistika infrastrukturu e-ticaratin inkisafinda halledici amillarden biridir. Boyik
saharlarda catdirilma xidmatlarinin nisbatan inkisaf etmasina baxmayarag, regionlarda bu sahada
geyri-barabarlik musahids olunur. Bu iss e-ticarat platformalarinin regionlar Uzra barabar
inkisafina manea vyarada bilar. igtisadi dayaniglig kontekstinds e-ticaratin daha bir mihim
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UstUnlUyU igtisadi soklara garsl adaptasiya gabiliyystinin yUksak olmasidir. Qlobal tacriibs gostarir
ki, bohran va fovgalads vaziyyatlar zamani onlayn ticarat kanallari igtisadi faaliyyatin miayyan
hissasinin gorunub saxlanmasina imkan verir. Azarbaycanda da pandemiya doévrinds e-ticarat
platformalarina maragin artmasi bu modelin igtisadi sabitliyin tamin edilmasinda alternativ
mexanizm kimi ¢ixis etdiyini siibut etmisdir.

Aparilan tahlil gbstarir ki, Azarbaycanda e-ticarat platformalarinin inkisaf perspektivlari genisdir va
bu platformalar igtisadi dayanigligin méhkamlandiriimasinda mihim rol oynaya bilar. Lakin bu
potensialin tam reallasdiriimasi Gglin dovlet—6zal sektor amakdasliginin giclandirilmasi, ragamsal
savadhhgin artirllmasi, hiiqugi bazanin takmillasdirilmasi va logistik infrastrukturun balansli inkisafi
vacib sartlar kimi cixis edir. E-ticarat yalniz texnoloji yenilik deyil, eyni zamanda Azarbaycanin
uzunmuddatli igtisadi inkisaf strategiyasinin asas situnlarindan biri kimi dayarlandirilmalidir.

NOTICO

Aparilan tahlil ve analitik giymatlandirma gdstarir ki, Azarbaycanda e-ticarat platformalarinin
inkisafi  muiasir  igtisadi  sistemin  transformasiyasinda  ve  igtisadi  dayanigligin
mohkamlandirilmasinds strateji shamiyyata malikdir. internet infrastrukturunun genislanmasi,
ragamsal 6danis sistemlarinin tatbigi va ahalinin ragamsal davranis vardislarinin formalasmasi e-
ticaratin slratli inkisafini sartlandiran asas amillar kimi cixis edir. Xatti va situn grafiklari asasinda
aparilan mugayisalar internet istifadacilarinin artimi ile e-ticarat dovriyyssi arasinda birbasa
misbat alaganin moévcud oldugunu, elaca ds e-ticarst platformalarindan istifads edan kicik ve orta
sahibkarlig subyektlarinin galir artim tempinin ananavi ticarat modellarina nisbatan daha ylksak
oldugunu tasdiglayir.

Toadgigat naticalari e-ticarat platformalarinin KOS-larin bazara cixis imkanlarini genislandirdiyini,
amaliyyat xarclarini azaltdigini va regionlar Gizra igtisadi aktivliyin artmasina téhfs verdiyini gdstarir.
Bu isa geyri-neft sektorunun inkisafi, masgullugun genislanmasi va galir manbalarinin
diversifikasiyasi baximindan mahidm GstUnlikler yaradir. Eyni zamanda, e-ticarat platformalari
igtisadi soklara garsi adaptasiya imkanlarini giiclandirarak makroigtisadi sabitliyin gorunmasina
xidmat edir.

Bununla yanasi, hiiqugi-normativ bazanin takmillasdirilmasi, logistik infrastrukturun regionlar tGzra
balansli inkisafi, kibertahlikasizliyin gliclandirilmasi va reageamsal savadliligin artirilmasi e-ticaratin
davamli inkisafi Gglin asas sartlar kimi ¢ixis edir. Natica etibarils, e-ticarat platformalarinin sistemli
sokilde dastaklonmasi ve milli igtisadi strategiyalara inteqgrasiyasi Azarbaycanin uzunmiddatli
igtisadi dayanighginin tamin olunmasinda mihim rol oynaya bilar.
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Comparison of the HPC and Big Data Java
Libraries Spark, PCJ and APGAS

Karimzade Abuzar

Abstract. Although Java is rarely used in HPC, there are a few notable libraries. Use of Java
may help to bridge the gap between HPC and big data processing. This paper compares the big
data library Spark, and the HPC libraries PCJ and APGAS, regarding productivity and performance.
We refer to Java versions of all libraries. For APGAS, we include both the original version and an
own extension by locality-flexible tasks. We consider three benchmarks: Calculation of it from HPC,
Unbalanced Tree Search (UTS) from HPC, and WordCount from the big data domain. In
performance measurements with up to 144 workers, the extended APGAS library was the clear
winner. With 144 workers, APGAS programs were up to a factor of more than two faster than Spark
programs, and up to about 30% faster than PCJ programs. Regarding productivity, the extended
APGAS programs consistently needed the lowest number of different library constructs. Spark
ranged second in productivity, and PCJ third.

Keywords. Java, Big Data, HPC, Parallel Computing, Spark, PCJ, APGAS

Introduction

Convergence between high performance computing (HPC) and big data processing is a hot
topicin current research. Big data programming systems have their strengths in fault tolerance and
programming productivity, whereas HPC systems have their strengths in performance and
algorithmic flexibility (e. g. [1], [2]). One hindrance to common approaches is the use of different
programming languages in the two communities. Typical HPC applications use C/C++ in
combination with MPI and/or OpenMP. Typical big data applications, in contrast, use JVM-based
languages such as Java or Scala with frameworks such as Hadoop [3] or Spark [4]. While Java is far
from prominent in HPC, there are a few notable Java-based libraries such as PCJ [5] and APGAS [6].
The gap between HPC and big data processing can be bridged with interfaces such as Spark+MPI
[1], SWAT [7] and Alchemist [8]. These interfaces come at a cost in terms of development effort
and computing time. Therefore, use of a unified environment would be more appealing. This paper
explores the perspective of a common Java foundation, by comparing the libraries Spark, PCJ and
APGAS, regarding productivity and performance. Spark [4] is an open-source, distributed, multi-
threaded, fault-tolerant library for big data processing, and widely used in this domain. Like
Hadoop [3], Spark implements the MapReduce pattern [9], but maintains data in memory instead
on disc. For storing massive amounts of data, Spark introduces a data structure called Resilient
Distributed Dataset (RDD) [7]. Algorithms are implemented via transformations, which produce
RDDs, and actions, which extract a result from an RDD. If MapReduce is not well suited for a
particular problem, Spark can cause a significant overhead [8]. The PCJ library for Java [5] won the
HPC Challenge Class 2 Best Productivity Award on Supercomputing in 2014, and achieves a better
performance than MPI with Java bindings. In some situations, however, the performance of PCJ is
up to three times below that of MPI with C bindings. PCJ implements the Partitioned Global
Address Space (PGAS) model, which has been designed with productivity and portability in mind.
PGAS describes an architecture, such as a cluster of multicore nodes, as a collection of places. A
place is defined as the combination of a memory partition and computing resources, called
workers. Typically, places correspond to cluster nodes, and workers correspond to CPU cores. Each
place can access every memory partition, but local accesses are faster than remote ones.
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PCJ adopts the Single Program Multiple Data (SPMD) execution style, i.e., all workers are
invoked at program startup and carry out the same code. Variables are private to each worker, such
that different workers can follow different code paths. PCJ provides several methods to exchange
data between workers in a synchronous or asynchronous way. The APGAS library for Java [8] adds
asynchronism to the PGAS model by adopting a task-based approach. Its parallelization and
distribution concepts are exactly the same as those of IBM’s parallel language X10. Program
execution starts with a single task on place 0. Later, any task can spawn any number of child tasks
dynamically. Task spawning can be synchronous or asynchronous, i.e., the parent task either waits,
or does not wait, for the termination of a child. In either case, the programmer must specify an
execution place for each task. Inside each place, tasks are automatically scheduled to workers.
Thus, depending on worker availability, a generated task may run immediately or later. The place-
internal scheduler is implemented with Java’s Fork/Join-Pool [9]. In recent work, we extended the
APGAS library by locality-flexible tasks. These tasks are spawned and managed in the same way as
the standard asynchronous tasks of APGAS, except that the programmer does not specify an
execution place. Instead, locality-flexible tasks are subject to system-wide automatic load
balancing. We implemented the concept by extending the Fork/Join pools by an interplace work
stealing scheme that realizes the lifeline-based global load balancing (GLB) algorithm [10].

Result

This paper has compared the big data library Spark and the HPC libraries PCJ and APGAS.
For APGAS, we included both the original version and an own extension by locality-flexible tasks.
The comparison was based on Java implementations of three benchmarks, which were partly taken
from HPC and the big data domain, respectively. All implementations were conducted by the same
author, who had no previous experience with any of the systems. Furthermore, we took care to
implement the same algorithms. On one hand, we evaluated productivity, based on personal
impressions and objective metrics. The extended APGAS variant turned out best, closely followed
by the original APGAS variant and Spark. The extended APGAS variant was most intuitive to use,
required the lowest number of different library constructs, and its code was by only a few lines
longer than that of the Spark variant.
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XULASD

Tadgigatin asas maqgsadi yerli yasil va sanaye Usulu ile emal edilmis girmizi marcimak unu
ilo zanginlasdirilmis bugda ununun c¢odrakbisirma xassalerina tasirini elmi-tacribi cahatdan
asaslandirmaqg va funksional shamiyyatli ¢orak istehsali texnologiyasini islayib hazirlamaqdir.
Tadgigat zamani marcimak va bugda ununun fiziki-kimyavi gdstaricilari tayin olunmusdur.Eyni
zamanda marcimak ununda lipoksigenaza fermenti aktivliyi spektrofotometrik metodla tayin
olunarag, onun zanginlasdirilmis xamira musbat tasiri asaslandiriimisdir. Muayyan edilmisdir ki,
bugda ununa 1,0% va 1,5% migdarda marcimak ununun alava edilmasi xamirin reoloji xassalarini
yaxsilasdirir, hazir mahsulun zilal tarkibinin (svezolunmaz amintursulari) yaxsilasmasini, vitamin va
mineral maddalarle (damir, sink) zanginlasmasini tamin edir. Alinan naticaler bu cir ¢orak
mahsullarinin sakarli diabet ve hazm problemi olan insanlar Gglin mualicavi-profilaktik tayinatli
funksional gida kimi sanaye miqyasinda istehsalinin perspektivliyini gostarir.

Acar sézlar: Marcimak, marcimak unu, bugda unu, funksional c¢orak, fiziki-kimyavi
gostaricilar.

ABSTRACT

The main objective of the study is to scientifically and experimentally substantiate the effect
of wheat flour enrichment with local green and industrially processed red lentil flours on its
breadmaking properties, and to develop a technology for the production of functionally significant
bread. During the study, the physicochemical parameters of lentil and wheat flours were
determined. At the same time, the activity of the lipoxygenase enzyme in lentil flour was
determined by the spectrophotometric method, and its positive effect on the enriched dough was
substantiated. It was determined that the addition of lentil flour to wheat flour in amounts of 1.0%
and 1.5% improves the rheological properties of the dough, ensures the enhancement of the
protein composition (essential amino acids) of the finished product, and enriches it with vitamins
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and minerals (iron, zinc). The results obtained indicate the prospects for the industrial-scale
production of such bread products as therapeutic and prophylactic functional foods for people
with diabetes and digestive problems.

Keywords: Lentil, lentil flour, wheat flour, functional bread, physicochemical parameters.

GIRIS

Corak insanin gida rasionunda mihUm yer tutan asas mahsullardan biridir. Bundan alava,
o, batdn sosial va yas gruplara malik ahali tarafindan genis istehlak olunan algatan bir mahsuldur.
Onun dayari yalniz ucuz olmasinda deyil, ham da organizm Gglin mihUm enerji, zllal, yag vo
karbohidrat manbayi olmasindadir. Bu maddalarla taminat organizm dcln gindalik ener;ji
talebatini 6damaya ve asas metabolik proseslarin sabitliyini gorumaga komak edir [1, 2].

Bioloji noqgteyi-nazardan c¢orayin tarkibindaki vitaminlar, minerallar va mikroelementlar
saglamligin gorunmasina mihim tasir gdstarir. Bu komponentlar immun sisteminin faaliyyatini,
sinir sisteminin balansini dastaklayir va hliceyra saviyyasinda proseslarin normal gedisatini tamin
edir. Miasir tadgiqatlar ¢corayin ham gida dayarini, ham da bioloji aktivliyini artirmag Uc¢Un yeni
imkanlar acir. Bu xUsusiyyatlar ¢céraya yalniz snanavi mahsul kimi deyil, ham da funksional gida
kimi baxmaga imkan verir [3, 4].

Qida sanayesinda texnologiyalarin va elmi tadgigatlarin inkisafi ile ¢orak istehsali ciddi
dayisikliklara maruz galir. Bu tadgigatin obyekti marcimak (yasil va girmizi) unu slavalari ila
zanginlasdiriimis bugda xamiri va funksional c¢orakbisirma texnologiyasidir. Son onilliklards
mahsulun keyfiyyatinin yaxsilasdiriimasina, gida dayarinin artirlmasina va maya dayarinin
azaldilmasina yonalmis innovativ hallarin tatbigi tendensiyasi misahids olunur [5, 6, 7].

MuUasir corak istehsall yanasmalarinin formalasmasi takca texnoloji inkisafla deyil, ham da
insanlarin gidalanma vardislarinin dayismasi ila six baghdir. Zaman kecdikca istehlakeilarin mahsula
baxisi dayisir; tahllkasizlik, keyfiyyat, funksional xUsusiyystler va gidanin bioloji dayari secimda
asas meyarlara cevrilir. Bu sababdan ¢orakcilik sahasindaki elmi tadgigatlar daha genis visat almis,
istehsalcilar iss mahsulun gida dayarini artirmaqg va texnoloji proseslari takmillasdirmak Ggln
innovativ hallara Ustlnlik vermays baslamislar. MUasir dovrda ¢orak sadaca gindaslik ener;ji
manbayi kimi deyil, ham da insan saglamligini dastaklayan bioaktiv maddalarin dasiyicisi kimi
giymatlandirilir. Bu yanasmanin gliclanmasi ¢orayin tarkibina alavae funksional komponentlarin
daxil edilmasini da aktuallasdirmisdir [4, 8].

Qlobal saviyyads ¢corak va un mamulatlari gida senayesinin an bdyik segmentlarindan biri
olaraq qgalir. Dinya bazarinda istehlak talabi tadricen dayisir; ananavi ¢drak novlari ila yanasl,
yUksak lifli, az kalorili, glutensiz va bioaktiv maddalarls zanginlasdirilmis mahsullarin pay artir. Bu
tendensiya takca inkisaf etmis olkalarde deyil, Conubi Qafgaz regionunda, xUsusan da
Azsrbaycanda 6zinl biruza verir. istehlakgr davranisindaki bu ciir dayisiklik coérakbisirmads
istifade olunan xammalin keyfiyyatina va emal texnologiyalarina diggatin artirilmasini taleb edir.
Bela bir seraitda ¢orak istehsalinin elmi asaslarla inkisafi ve muasir texnologiyalarin tatbigi zerurata
cevrilmisdir [9].

Coxsayli global tadgiqatlar gdstarir ki, irimiqyasli sanaye istehsali zamani ¢érayin gida dayari
miayyan dearacada itir. 9sasan Uyltms prosesinda danin xarici gatlarinin kanarlasdiriimasi
sababindan lif, vitamin, mineral va polifenollarin miqdari kaskin azalir. Naticada ¢orayin bioloji
dayari asagl dislr, onun insan organizmina funksional tasiri zaiflayir. Bu problemin halli tcln
¢corayin resepturasina yiksak gida dayarina malik tabii bitki mansali ingrediyentlarin daxil edilmasi
genis yayllmisdir. Xtsusils, yiksak lipoksigenaza aktivliyina va zangin mineral tarkibina malik olan
yasil va girmizi marcimak (Lens culinaris) xammali, ¢cérayin ham texnoloji parametrlarinin, ham da
bioloji dayarinin yiksaldilmasi baximindan oldugca perspektivli hesab olunur [10].

Corakbisirmada muiasir texnologiyalar takca xammal secimina deyil, ham da proseslarin
optimallasdiriimasina yonalib. Avtomatlasdiriimis xamiryogurma sistemlari, temperatur va
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ritubats nazarst edilan fermentasiva kameralari, enerjiya ganaat edan sobalar takca mahsulun
keyfiyyatini artirmir, ham da istehsal prosesini daha sabit ve idarsolunan edir. Xomirin
fermentasiyasi marhalasinae ydnalmis biotexnoloji yanasmalar — masalan, mayalarin seleksiya
olunmus stammlarla kombinasiyasi, ferment preparatlarinin ve hidrokolloidlarin istifadasi ¢orayin
teksturasini, hacmini ve saxlanma muddatini yaxsilasdirir. Bu cir yanasmalar ¢orayin keyfiyyat
parametrlarini elmi cahatdan optimallasdirmaga imkan verarak onun istehlakgl gdzlantilarina
uygunlugunu tamin edir [11].

Azarbaycanda corak insan hayatinda har zaman xUsusi madani va sosial yer tutmusdur.
9nanavi ¢orak novlarinin zenginliyi va aila tandirlarindan tutmus sanaye miassisalarina gadar
uzanan genis istehsal ananalari onun dlkadski rolunu daha da mohkamlandirir. Bununla bels,
mduasir istehlak talabi, xsusila da saglam gidalanmaya artan maraq vyerli ¢érakbisirma sahasinda
yeni texnologiyalarin tatbigini gacilmaz edir. Azarbaycandaki bir sira ¢orakbisirma miassisalarinin
modernlasmaya ciddi ehtiyaci var, muUasir avadanliglar, enerjiya ganaat edan sistemlar vo
funksional slavalar hala ki har yerds genis istifade olunmur. Bu sebabdan, mdvcud texnoloji
bosluglarin elmi sakilda arasdirilmasi va onlarin halli yollarinin taklif edilmasi aktual bir vazifaya
cevrilmisdir [1, 8].

Corayin keyfiyyatinin yiksaldilmasi arzaq tahlikasizliyi kontekstinda de mihim shamiyyat
kasb edir. Xammalin girklanma riski, saxlanma saraitinin dizgin secilmamasi va mikrobioloji
proseslara zaif nazarat mahsulun tahlikasizlik gdstaricilarine manfi tasir gostara bilar. MUasir
texnologiyalar bu problemlarin garsisini almag Uclin daha sabit nazarst mexanizmlari, real vaxt
rejiminda analiz sistemlari va risklara asaslanan idarsetma metodlari taklif edir [7].

Todgigat movzusunun aktualligr yerli marcimakdan istifade etmakls,zanginlasdirma
hesabina bazarda ¢orak va un mamulatlarinin ragabat gabiliyyatinin artirilmasi zerursti, hamginin
istehlakcilarin keyfiyyatli va tahlikasiz mahsullara olan getdikca artan talsbatinin édanilmasi ils
baghdir. MUasir texnologiyalarin moévcudluguna baxmayarag, bir cox istehsalgilar hala da kdhnalmis
metodlardan istifade edirler ki, bu da corayin keyfiyyatina va cesid mixtalifliyine manfi tasir
gostarir. Bu vaziyyst ¢orakbisirmada miasir texnologiyalarin yetarinca yayilmamasi problemini
yaradir va movcud yanasmalarin darindan tahlil edilmasini talab edir [12, 13].

Todgigatin asas magsadi — Calilabad rayonunda yetisdirilmis yerli yasil marcimak va
sanaye Usulu ile emal edilmis girmizi marcimak ununun zanginlasdirici kimi bugda ununun
cOrakbisirma xassalarina tasirini elmi-tacribi cahatdan asaslandirmag, onlarin optimal dozalarini
muayyanlasdirmak va yiksak bioloji dayara malik funksional ¢orak istehsall texnologiyasini islayib
hazirlamaqgdir. Bu magsada nail olmagq tgiin marcimak ununun bir sira kimyavi tarkib xtsusiyyatlari
oyranilmakla , onun funksional ahamiyyatli ¢orak yaxsilasdiricisi kimi istifade potensiall
giymatlandirilmis, zanginlasdirici kimi xamirin keyfiyyat gostaricilarinin yaxsilasdirilmasinda rolu
oyranilmisdir [6, 10].

MATERIALLAR V@ METODLAR

Bu tadqgigat Uc¢lin Azarbaycanin Calilabad rayonunda yetisdirilan yerli kicik toxumlu yasil
marcimak (Lens culinaris) va Azarbaycanin parakanda ticarat sabakasindan alda olunmus va Rusiya
Federasiyasinin Moskva saharinda faaliyyat gostaran «Mistral Trading» MMC tarafindan istehsal
edilmis qirmizi (narinct) marcimak nimunalarindan istifads olunmusdur (sakil 1).
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Sak. 1. Fargli amtaa tipli marcimak (Lens culinaris Medik.) toxumlari: A — yasil, kicik toxumlu
marcimak (Calilabad rayonunda yetisdirilmis); B — girmizi (narinci) sanaye istehsall marcimayi

Marcimayin bugda ununun ¢drak bisirma xUsusiyyatlarina tasirini aydinlasdirmaq Ucln,
zanginlasdirilmis mayal xamirda yas glitenin kitls payi va keyfiyyat gostaricilarinin (elastiklik va
uzanma qgabiliyyati) tahlili apariimisdir. Bu magsadls, saraitinda standart gostaricilara malik bugda
unu kitlasina eyni oOlgilara malik  Gyudulmis marcimak toxumlari kitlasi 0,5%, 1,0%, 1,5% va
2,0% migdarinda alava olunmusdur. Nazarat nimunasi kimi ylksak keyrfiyyata malik olan bugda
unundan (QOST 26574-2017) standartina uygun, namlik — 14,5%, kil tarkibi—0,75%, zllal migdari
— 10,8%) istifada olunmusdur. Qlatenin migdarini va keyfiyyatini tayin etmak Usullari"na uygun
olarag, xam gliitenin kiitla payt MOK-1 cihazi ila tayin edilmis, glitenin elastik xsusiyyatlari IDK-1
cihazi ila tayin edilmisdir.

Hazirlanmis har bir un garisigindan yogrulan xamir nimunalarindan movcud metodlardan
istifade olunmagla yas gliten yuyulmus, onun kitls payi, elastikliyi va uzanma gabiliyyati analiz
edilmisdir. Alinan naticalar nazarat nimunasi (alavasiz bugda unu) ile migayisa edilarak marcimak
ununun tarkibindaki maddalarin xemirda formalasan gliten kompleksinin struktur-mexaniki
xassalarina tasiri giymatlandirilmisdir [14].

Xomirin baza resepturasl U¢ln maya olarag aktiv quru maya (un katlasinin 1.5%-i
miqgdarda), duz ise 1.8% dozada gotirilmusdir. Preslanmis ¢orakci mayasinin galdirma glicii QOST
R 54731 gostaricilarina uygun olaraq tayin edilmisdir va mayanin ilkin aktivlasdirilmasi tasvir edilan
metoda asasan apariimisdir. Corakbisirmada quru, preslanmis mayalar va maya stidindan istifada
olunmusdur.

QlUtenin keyfiyyatinin giymatlandirilmasi zamani iki paralel tayinat apariimisdir. Naticalar
cihazin sarti vahidlari ils ifads olunmus va gliten nimunasinin elastikliyi na gadar ylksak olarsa,
onun bir o gadar az sixildigini gdstarmisdir, basga sozla cihazin gostaricilari ilkin gostaricilardan bir
o gadar asagl olmusdur. Adatan unun ¢orakgilik keyfiyyatlarini xarakterize etmak Ucglin onun
“mbhkamliyi” ve qaz amalagatirma qgabiliyyati  dlguldr. Unun “mdhkamliyi” fermentasiya va
islanma zamani spesifik fiziki xtsusiyyatlar nimayis etdiran xamir amalagatirma gabiliyyatina
aiddir. “Mohkam” unlar ¢oxlu migdarda su udur va sabit fiziki xUsusiyyatlara malik xamir amala
gatirir — normal konsistensiya va elastiklik, toxunusda quru va yUksak gaz saxlama gabiliyyatine
malik olur. “Zaif” unlar iss az migdarda su udur va xamirin fiziki xUsusiyyatlari yogurma,
fermentasiya va islanan zaman tez pislasir — xamir yapisgan, yayila bilan olur va asagl gazsaxlama
gabiliyyati ila elastikliyini itirir. Orta “md&hkamliya” malik sortlu un orta movge tutur. Unun gaz
amalagatirma gabiliyyati Yago-Ostrovski cihazi ila hacm metodu tatbig olunmagla 5 saatlig xamir
fermentasiyasi zamani amala galan CO2 migdarina asasan giymatlandirilmisdir [15].
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Unun gaz amalagatirma gabiliyyatinin tayini zamani namlik migdari 14% olan 100 g un
(namlik fargli oldugda quru maddas miqgdari 86% olacaq sakilds yenidan hesablanmisdir) 3 g maya
va 60 ml su ile garisdirilarag xamir yogrulmusdur.

Corakbisirma prosesinda boylk shamiyyat kasb edan lipoksigenaza fermenti xamirin
struktur-mexaniki  xUsusiyyatlarini  va ¢orak qirintisinin  rangini  tenzimlayan oksidlasma
reaksiyalarinda mihidm rol oynayir. Marcimak ununda lipoksigenaza fermentinin aktivliyi
beynalxalg standartlara uygun olarag hazirlanmis spektrofotometrik metodla UV-Vis
spektrometrinda tayin olunmusdur. Bu metod fermentativ reaksiya zamani linol tursusunun
oksidlasmasi naticasinda yaranan hidroperoksidlarin 234 nm dalga uzunlugunda optik sixliginin
artmasinin dlcilmasina asaslanir [16].

Aparilan coxsayli tadgigatlar gostarir ki, bu fermentin tasiri ilo amala galan doymamis yag
tursularinin peroksidlari zllallardaki sulfhidril gruplarini oksidlasdirarak, disulfid rabitalarinin
yaranmasini stimullasdirir. GorlnUr zilal makromolekullarinin strukturlari arasinda bu clr carpaz
disulfid rabitalarinin sayinin artmasi marcimak unu alava olundugda xamirda daha six va mdhkam
zilal karkasinin formalasmasina sabab olur ki, bu da unun texnoloji gliciini va hazir mahsulun
keyfiyyat gostaricilarini birbasa yiksaldir. Qeyd etmak lazimdir ki, paxlal bitkilar, xiisusile marcimak
toxumlari an yiksak lipoksigenaza aktivliyina malik xammallardan hesab olunur [17].

EKSPERIMENTAL HiSs®

dlda olunan naticalar onu gostarir ki, coraya yasil marcimak ununun alavs edilmasi unun
va xamirin fiziki-kimyavi gostaricilarini shamiyystli deraceds dayisir. Cadval 1-do nazarst
ndmunasinin va 0,5%, 1,0%, 1,5% va 2,0% vyasil marcimak unu alava edilmakla bisiriimis corayin
orta gostaricilari verilmisdir.

Bu, marcimayin tarkibinda zUlal va mineral maddalarin yiksak migdarda olmasi ils izah
edila bilar.

Cadval 1
Bugda ununa gatilan marcimak unu migdarindan asili olarag xam glttenin kitls payi ve
tayin olunmus keyfiyyst gdstaricilari

Géstorici Unun migdarina nazaran marcimayin miqgdari, %-Ia
o | o5 | 10 | 15 | 2,0
Yasil marcimak
Xam glttenin kitls payi,% 23,6 24,0 24,1 24,4 24,6
Elastiklik (iDK) 63,3 61,4 53,8 52,6 52,0
Dartilma gabiliyyati, sm 16,0 15,8 14,8 14,3 14,1
Qirmizi marcimak
Xam glUtenin kitle pay1,% 23,6 24,2 24,4 24,7 25,0
Elastiklik (IDK) 63,3 62,0 55,5 54,6 54,4
Dartilma gabiliyyati, sm 16,0 15,3 14,5 14,0 13,8

Belalikle, tadgigat naticalari gostarmisdir ki, alava edilan marcimak ununun dozasinin
artmasi il bugda unundaki xam glUtenin kitle payi clzi daracads yiiksalir. Bels ki, marcimayin
novindan vea daxil edilma migdarindan asili olaraq nazarat nimunasi ile migayisada artim 0,1-1,0
mutlag.% taskil etmisdir.

Xamira 0,5-2,0% miqgdarda yasil va 1,25-2,0% miqgdarda girmizi marcimak daxil edildikda
bugda ununun gltteni agarmisdir va bu dayisiklik sistemda oksidlasdirici proseslarin bas verdiyini
stbut edir. Goriindly kimi, alds olunan naticalar marcimayin gliten karkasinin gliclandirici tasira
malik oldugunu tasdiglayir . Bu effekt, boylk ehtimalla, tadqgig olunan marcimak nimunalarinin
yUksak lipoksigenaza aktivliyi il bilavasita baglidir. Bu amili nazara alarag,mahz 0Oyranilan
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marcimak sortlarinda lipoksigenaza fermentinin aktivliyini (mmol/mg-daq) tayin etmak magsadila
spektrofotometrik metoddan istifada edilmisdir.

dlda edilan malumatlar tadqgig olunan marcimak sortlarinin bugda unu glltenins
glclandirici tasirinin onlarin lipoksigenaza aktivliyi ile alagali oldugu farziyyssini tasdigladi. on
yUksak lipoksigenaza aktivliyi yasil va girmizi marcimaklarda geyda alinib ki, bunlarin alava edilmasi
elastikliyin maksimum artmasina va bugda ununda xam glitenin uzanma qabiliyyatinin azalmasina
sabab olmusdur.

Aparilan elmi-tacribi tadgigatlarin va laboratoriya sinaglarinin naticalarinin kompleks
tahlili esasinda, bugda ununa alava edilan marcimak tozunun (ununun) 1.0 % va 1.5 %-lik dozalari
funksional ¢orak istehsalinda texnoloji, reoloji va organoleptik gostaricilar baximindan an optimal
va samarali variant kimi muayyan edilmisdir.

Hazirlanmis ¢érak niimunasinin vizual goriinisd. Mixtalif dozalarda marcimak alavasi ila
bisirilmis ¢drayin xarici gérkami aydin sakilde misahide olunmusdur. Marcimayin tarkibindaki
lipoksigenaza fermenti xamirin oksidlasmasi hesabina gllten sabakasini giiclandirir ki, bu da
naticada ¢orak gabiginin daha tlind qizili reng almasina va onun daxili strukturunun sixlasmasina
sabab ola bilar. Belalikla, marcimak unu alavalarinin ¢orayin fiziki xUsusiyyatlarina shamiyyatli
tasiri misahida edilmisdir.

Yasil va girmizi marcimak unlari Gg¢ln aparilmis tadgigatlar naticasinda lipoksigenaza
fermentinin aktivliyi miayyan edilmis va alinmis gostaricilar cadval 2-da tagdim olunmusdur.

Cadval 2
Marcimak unlarinda lipoksigenaza fermentinin aktivliyi
Marcimak unu névi Lipoksigenaza aktivliyi (mmol/mg-daq)
Qirmizi 0,595
Yasl 0,820

Tadgigat Ugln gotlrilmis bugda unu va marcimak ununun kimyavi tarkibinin mugayisali
tahlili cadval 3-da tagdim olunmusdur.

Cadval 3
Tadgigat Ugln gotirdlmis bugda unu va marcimak ununun muigayisali kimyavi tarkibi

Gostarici Bugda unu Marci unu
Zulal, g 10,8 24
Yag, q 1,3 1,1
Karbohidratlar, g 69,8 52,7
Qida lifi, q 3,5 10,7

Mineral maddalar, mq
Magnezium 16 47
Kalsium 18 35
Fosfor 86 281
Vitaminlar, mq

B1 vitamini 0,17 0,8
B, vitamini 0,04 0,2

Toadgigatda nazarat nimunasi kimi QOST 26574-2017 standartinin talablarina uygun olan
bugda unundan istifads edilmisdir. Marcimak ununun fiziki-kimyavi gbstaricilari isa bugda unu ila
mugayisali sakilda cadval 4-da gbstariimisdir.



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands

Bugda unu va marcimak ununun fiziki-kimyavi xUsusiyyatlari

Codval 4

Gostarici | név bugda unu Marcimak unu
Nomlik,% 14,5 12,5
Uyudulma olgilari, % 3 5
Metallomagnit garisiq, % 0,0003 0,0003
Kalluk, % 0,75 3,5
Cadval 5
Marcimak unu slava edilmakls bugda unundan hazirlanmis ¢oérayin fiziki-kimyavi keyfiyyast
gostaricilari
Gostarici Unun migdarina nazaran marcimayin miqdari, %-la
o | o5 | 1,0 | 15 | 20
Yasil marcimak
Umumi hacmi, sm3/100 g un 607,5 577,0 568,5 547,5 535,0
Xususi hacmi, sm3/100 q ¢orak | 451,7 418,3 410,8 402,5 386,7
Masamalilik,%-1a 85 84,5 83,5 83,0 82,5
Qirmizi marcimak
Umumi hacmi, sm3/100 g un 595,0 583,0 578,0 570,0 559,3
XUsusi hacmi, sm3/100 q ¢orak | 450,0 427,9 422,8 415,9 407,8
Masamalilik,%-1a 85 85,2 85,3 85,5 86

Aparilan sinaq tacribalarindan malum oldu ki, xamir hazirlayarkan unun migdarinin 1,5%-
i gadar marcimak unu alava etmak an uygun variantdir.

Marcimak unu alavasi ila zanginlasdirilmis funksional ¢orayin sanaye seraitinds istehsal,
xammalin hazirlanmasindan hazir mahsulun gablasdiriimasina gadar hazirlanmis ardicil texnoloji
xatt Uzra hayata kegirilir.

Ik avval nazarat niimiinasi, yani marcimak slavs edilmadan gatqisiz undan hazirlanmis 500
g ¢orayin gidalilig dayari hesablanmisdir (cadval 6):

Cadval 6
Qatqisiz undan hazirlanmis 500q kitlali ¢corayin gidalilig dayari

Gostarici 100 g tgln 500 g ugln

Zilal 10,8 g 54,0 q
Yag 1,3 ¢ 6,5 q
Karbohidrat 69,8 g 349,0 q
Qida lifi 3,5¢ 17,5¢
Mineral maddalar
Magnezium 16 80 mq
Kalsium 18 90 mq
Fosfor 86 430 mq
Vitaminlar

B1 0,17 0,85 mq
B> 0,04 0,20 mqg

Enerji dayari. Enerji dayari asagidaki kimi hesablanir (ztlal — 4 kkal/q, yag — 9 kkal/q,

karbohidrat — 4 kkal/q):

E=(54%4)+(65x9)+ (349 x 4) = 216 + 58,5 + 1396 = 1670,5 kkal
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Aparilmis hesablamalara asasan, 500 g kitlads hazirlanmis ¢corayin: enerji dayari = 1670
kkal, ztlal migdari =54 q, karbohidratlar —349 q, yag — 6,5 g, qgida lifi— 17,5 q.

Qidaliq dayari. 10% marcimak unu alava olunmus qgarisigdan hazirlanmis 500 q ¢oérak tgln
gidalihq dayari hesablanmisdir:

Bugda unu (100 g Ugin): ztlal =10,8 q, yag —1,3 g, karbohidrat — 69,8 g, gida lifi — 3,5 g;

Marcimak unu (100 g Ucln, orta gabul): zilal — 24 q, yag — 1,5 q, karbohidrat — 60 g, gida lifi
-11q.

Qarisigin tarkibinin hesablanmasi: (90% + 10%): Xgar = 0.9Xun + 0.1X marc.

Makronutrientlar (100 g qgarisiq Ugln):

e Ziilal: 0,9 X 10,8 4+ 0,1 X 24 = 12,12 q;

eYag: 09%x1,3+0,1x15=1,32¢;

e Karbohidrat: 0,9 X 69,8 + 0,1 X 60 = 68,82 q;

e Qida lifi: 0,9 x 3,5+ 0,1 X 11 = 4,25 q.

Hesablamalarin naticalari asagida verilmisdir (cadval 7).

Cadval 7
Unun migdarinin 10%-i gadar marcimak unu alava edilmis 500q kitlali ¢oérayin gidalilig dayari
Gostarici 100 g tgln 500 g dgln
Zalal 12,12 g 60,6 g
Yag 1,32 ¢ 6,6 q
Karbohidrat 68,82 q 344,1 q
Qida lifi 4,25 q 21,25 q
Mineral maddalar
Magnezium 19,1 mq 95,5mq
Kalsium 19,7 mq 98,5mq
Fosfor 105,5 mq 527,5 mqg
Vitaminlar
B1 0,198 mq 0,99 mq
B> 0,056 mq 0,28 mq

Enerji dayari: E = (60,6 X 4) + (66,6 X 9) + (344,1 X 4) = 242,44+ 59,4 + 1376,4 =
1678,2 kkal.

10% marcimak unu alava edilmis 500 g ¢orak Ugln: enerji dayari = 1678 kkal, zilal = 60,6 q
(artim var), gida lifi — 21,25 g (shamiyyatli artim), karbohidrat — 344,1 q (bir gadar azalma), yag —
6,6 g (demak olar sabit).

TacrUbalardan alinan naticalari migayiss etsak gorarik ki, yalniz bugda unundan hazirlanmis
corakle mugayisada unun migdarinin 10% gadar marcimak unu alava edilmis ¢orayin gidallig
dayari ylksakdir (cadval 8).
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Cadval 8
Yalniz bugda unu va unun kitlasinin 10%-i gadar marcimak unu alava edilmis 500,0q ¢akili
¢corayin gidalilig dayarinin migayisasi

Gostarici Yalniz un Marcimak unu ila
Zilal 54,0 q 60,6 q
Yag 6,5q 6,6 q

Karbohidrat 349,0 q 344,1 q

Qida lifi 17,5¢q 21,25 q

Mineral maddalar
Magnezium 80 mq 95,5mq
Kalsium 90 mq 98,5mq
Fosfor 430 mq 527,5 mq
Vitaminlar
B1 0,85 mq 0,99 mq
B> 0,20 mq 0,28 mq

Xoamirin hazirlanmasindan sonra c¢orayin bisiriimasinin istehsal xatti asagidaki ardicilligla
taskil edilir:

1. Dozalama (Dosing). Xammallar (un, su, duz, maya, marcimak unu va s.) miayyan olunmus
resepta uygun olaraqg dozator vasitasila dagiq migdarda verilir.

2. Qarisdirma/Yogurma (Mixing). Komponentlar garisdirici gazaninda homogen kitls halina
gatirilir va xamir formalasir.

3. Formalasdirma (Forming). Hazir xamir boltUnarak talab olunan kitlads (450-550 q) tikalara
ayrilir va ilkin forma verilir.

4. Qicgirma (Proofing). Xemir tikalari xsusi kamerada temperatur (30-35°C) va riitubat (75-
85%) saraitinda saxlanilarag hacmi artirilir.

5. Bisirma (Baking). Qicqirmis xamir tunel tipli sobada 220-240°C temperaturda bisirilir va
son mahsul formalasir.

6. Soyutma (Cooling). Bismis corak konveyer tzarinda tadrican soyudulur ki, daxili strukturu
stabillassin.

7. Qablasdirma (Packing). Soyudulmus mahsul avtomatik masin vasitasile gablasdirilir va
satisa hazirlanir.

Xamirin hazirlanmasindan sonra ¢orayin bisirilmasinin texnoloji axin xatti (sak. 2).
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Dozalama Qarigdirma
(Xammallar (Komponentlor
dozator vasitesilo homogen kiitlo
daqiq migdarda halina gatirilir vo
verilir xomir formalagir

Soyutma (Bismis
¢orak soyudulur,

Bisirms (Bisirilir Qicqirma (Xomir
va son mohsul tikolorinin hacmi

daxili struktur formalasir) artirilir)

stabillasir)

Qablasdirma
(Avtomatik masin
vasitasilo
qablasdirilir)

Sak. 2. Marcimak alavali funksional ¢orak istehsalinin texnoloji marhalalari va funksional-sxemi

NOTICO

Marcimak unu alave olunmagla yogrulmus xamirin xassalari tadqiq olunmusdur ve malum
olunmusdur ki, xamirin reoloji xassalari yaxsilasmisdir. Malum olmusdur ki, bugda unu ila
mugayisada marcimak ununda zilalin va mineral maddalarin migdarinin yiksak olmasi hazir
mahsulun bioloji dayarini birbasa artirmisdir. Bu iss marcimak ununun funksional ¢orak
mahsullarinin istehsalinda 1,0% va 1,5%-lik optimal dozalarda daha semarali slavalardan biri
oldugunu gostarir.

Aparilan tadgigatlarin naticasinds bels ganasats galmak olar ki, xdsusi tayinatli-zilalla
zangin ¢orak-bulka mamulatlari istehsalinda marcimak unundan istifads ¢ox alverislidir. Bela ki,
sokarli diabet, gabizlikdan aziyyat ¢akan insanlarin gidalanmasinda bu mamulatlarin istifadasi
magsadauygundur. Eksperimental naticaler gdstarir ki, marcimak unu alave edilmis corak
mamulatlari yiksak gidalilig dayarina va funksional xUsusiyyatlara malikdir. Bu ciir mahsullarin
sanaye miqyasinda istehsall ham texnoloji, ham da igtisadi baximdan perspektivli hesab oluna bilar.
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Xllasa

Muasir dovrda ragamsallasmanin stiratlanmasi, internet texnologiyalarinin genis yayilmasi,
sosial sabakalarin inkisafi ve mixtalif informasiya sistemlarinin faaliyyatinin genislanmasi
naticasinda yaradilan malumatlarin hacmi siratle artmagdadir. Boyik verilanlar (Big Data) kimi
xarakteriza olunan bu malumatlar ananavi verilanlar bazasi idarsetmsa sistemlarinin va klassik
hesablama metodlarinin imkanlarini asarag yeni texnoloji yanasmalarin tatbigini zaruri etmisdir.
BOyUk verilanlarin asas xUsusiyyatlari olan ylksak hacm, sirat ve mixtaliflik onlarin saxlaniimasi,
emall va tahlili proseslarini mirakkablasdirir. Bu sababdan paylanmis hesablama sistemlari va
paralel emal texnologiyalari béyik verilanlarla islamak Gclin mihim vasitalardan biri hesab
olunur. Bela texnologiyalar arasinda MapReduce programlasdirma modeli xUsusi yer tutur. Bu
model boyik hacmli malumatlarin coxsayli hesablama qovsaglari arasinda bolisdurilarak paralel
sokilde emal edilmasina imkan verir, hesablama proseslarinin samaraliliyini artirir va sistem
resurslarindan optimal istifadani tamin edir.

Magalada boylik verilanlarin emalinda MapReduce modelinin tatbigi masalalari
arasdirilmis, modelin nazari asaslari, arxitekturasi va islema prinsipi tahlil edilmisdir. Map va
Reduce marhalalarinin funksiyalari, Hadoop platformasi ila inteqgrasiyasi va paylanmis mihitds
malumatlarin emal mexanizmlari izah olunmusdur. Hamgcinin MapReduce modelinin axtaris
sistemlari, sosial sabakalar, informasiya tahllikasizliyi, dovlet informasiya sistemlari va masin
oyranmasi sahalarinda tatbig imkanlari giymatlandirilmisdir. Arasdirma naticasinds muayyan
edilmisdir ki, MapReduce modeli boyik hacmli verilanlarin emalinda ylkssk mahsuldarliqg,
miqyaslana bilma va nasazliglara davamlilig kimi Ustinltklar tagdim edir. Bununla yanasi, real vaxt
analitikasi va iterativ hesablama proseslarinde miayyan mahdudiyyatlara malik oldugu miayyan
edilmisdir. Maqgalada movcud problemlarin halli istigamatinda Apache Spark va Apache Flink kimi
yeni nasil platformalarin tatbigi, tehllUkasizlik mexanizmlarinin tekmillasdirilmasi va resurs
idaraetma Usullarinin optimallasdiriimasi ila baglh takliflar irali striimuasddr.

Acar sozlar: Boylk verilanlar, Big Data, MapReduce, Hadoop, paylanmis hesablama, paralel
emal, HDFS, malumatlarin analitikasi.

Giris

Son illearda informasiya-kommunikasiya texnologiyalarinin stratli inkisafi naticasinda
yaradilan malumatlarin hacmi shamiyyatli daracads artmisdir. Sosial sabakalar, elektron ticarat
platformalari, mobil cihazlar, sensor sistemlari va bulud texnologiyalari har giin boyik hacmda
malumat formalasdirir. Bu malumatlarin saxlaniimasi, emali va tahlili snanavi hesablama sistemlari
G¢ln ciddi ¢atinliklar yaradir. Mahz bu ssbabdan boyiik verilanlarin (Big Data) idars olunmasi va
emal miasir informasiya texnologiyalarinin an aktual istigamatlarindan birina ¢evrilmisdir.

BoylUk verilanlar yiksak hacm (Volume), strat (Velocity) ve mixtaliflik (Variety) kimi
xUsusiyyatlarle xarakterize olunur. Verilanlarin davamli artimi onlarin effektiv emali Ucln
paylanmis hesablama va paralel emal texnologiyalarinin tatbigini zaruri etmisdir (Sakr et al., 2013).
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Bu yanasmalar boyik hacmli malumatlarin coxsayl hesablama qovsaglari arasinda bolisdurilarak
emal edilmasina va sistem resurslarindan daha sesmarali istifads olunmasina imkan verir.

BoylUk verilanlarin emali Ug¢ln istifade olunan an mihim texnologiyalardan biri
MapReduce programlasdirma modelidir. Bu model ilk dafe Google sirkstinin tadgigatcilari Jeffrey
Dean va Sanjay Ghemawat tarafindan taqdim edilmis va boyUk verilanlarin paylanmis mihitda
emall Ucln genis tatbig olunmaga baslamisdir (Dean & Ghemawat, 2004). MapReduce modeli
boyik hacmli verilanlarin paralel sakilde emalini sadsalasdirarak yiiksek mahsuldarlig va
miqyaslana bilma imkanlari yaradir.

Hazirda MapReduce modeli Hadoop ekosisteminin asas komponentlarindan biri olmagla
axtaris sistemlari, sosial sabakalar, maliyya sistemlari, dovlat informasiya sistemlari va
kibertahlikasizlik sahalarinda genis istifada edilir (White, 2015). Bununla yanasi, boyik verilanlarin
emalina olan talabatin artmasi bu texnologiyanin GstlnlUklarinin va mahdudiyyatlarinin daha
atrafli arasdirilmasini zaruri edir.

Bu magalanin magsadi MapReduce modelinin nazari asaslarini, islama prinsiplarini va
boylk verilanlarin emalindaki rolunu arasdirmag, hamcinin onun tatbiq imkanlarini, GstUnltklarini
va movcud mahdudiyyatlarini tahlil etmakdir.

MapReduce modelinin nazari asaslari

MapReduce paylanmis hesablama muhitinda bdyik hacmli verilanlarin emali G¢lin nazarda
tutulmus programlasdirma modelidir. Model iki asas funksional marhaladan ibaratdir: Map va
Reduce.

Map marhalasinda daxil olan verilanlar emal edilarak acar-dayar (key-value) cttliklarina
cevrilir. Bu marhalada verilanlar mixtalif hesablama govsaglarinda paralel sakilda islanir. Sonraki
marhalada sistem tarafindan Shuffle va Sort amaliyyatlari yerina yetirilir. Bu proses zamani eyni
acara malik malumatlar gruplasdirilir va cesidlanir. Nahayat, Reduce marhalasinda gruplasdirilmis
naticalar Gizarinda yekun hesablamalar aparilir va son natica formalasdirilir [2].

MapReduce modelinin asas Ustinliyl programcinin  paralel emal, malumatlarin
otUrtlmasi va nasazliglarin idara olunmasi kimi mirakkab texniki detallarla masgul olmamasidir.
Bu proseslar sistem tarafindan avtomatik hayata kecirilir.

MapReduce arxitekturasi asagidaki komponentlardan ibaratdir:

1. Input Split;

2. Mapper;

3. Shuffle;

4. Sort;

5. Reducer;

6. Output Format.

Bu arxitektura boyik hacmli verilanlarin minlarls server Uzarinda paralel sakilde emal
edilmasina imkan verir va sistemin migyaslana bilmasini tamin edir [7].

Hadoop platformasinda MapReduce modelinin tatbigi

MapReduce modelinin an genis yayillmis tatbig muhiti Apache Hadoop platformasidir.
Hadoop acig manbali program teminati olub boyik verilanlarin saxlaniimasi va emali Ggln
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varadilmisdir. Platformanin asas komponentlari Hadoop Distributed File System (HDFS) va
MapReduce hesablama mexanizmindan ibaratdir.

HDFS verilanlari bloklara bolarak muxtalif serverlards saxlayir va ehtiyat nisxaloama
mexanizmi vasitasila ylksak etibarlilig tamin edir. MapReduce isa hamin verilanlarin paralel
emalini hayata kecirir [7].

Hadoop platformasinin asas UstlnlUklari asagidakilardir:
¢ yiksak migyaslana bilms;

e asagl infrastruktur xarclari;

* nasazliglara davamlilig;

* boytk hacmli verilanlarin emal;
* acig manbali program taminati olmasi.

Arasdirmalar gostarir ki, Hadoop klasterlari (zarinds petabayt saviyyasinda verilanlarin
emall mimkin olmusdur va bu texnologiya sanaye migyasinda ugurla tatbiq edilir [2].

MapReduce modelinin tatbiq sahalari

MapReduce modeli boylk verilanlarin emali talab olunan muxtalif sahalarda genis tatbiq
olunur. Modelin asas Ustlnliyld boyik hacmli malumatlarin coxsayli hesablama qovsaglari
arasinda boélisdurilarak paralel sakilde emal edilmasini tamin etmasidir. Bu xisusiyyat onun ham
elmi, ham da sanaye muhitinda genis yayllmasina sabab olmusdur.

MapReduce modelinin ilk va an genis istifads sahalarindan biri axtaris sistemlaridir.
internet Gzarinda yerlasan milyardlarla veb sahifanin indekslasdiriimasi, mazmununun tahlili va
istifadacilara uygun naticalarin tagdim edilmasi boyik hesablama resurslari talsb edir.
MapReduce modeli bu malumatlarin paralel emalini tamin etmakla axtaris sistemlarinin
mahsuldarhgini shamiyyatli daracads artirir [1].

Model sosial sabakalarda da genis tatbig olunur. Sosial media platformalarinda istifadagi
faaliyyatlarinin tahlili, reklam kampaniyalarinin optimallasdirilmasi, istifadaci davranislarinin
oyranilmasi va tdvsiya sistemlarinin qurulmasi Gglin boylk hacmda malumat emal edilir. Bu
malumatlarin slratli sakilda tahlili sosial sabakalarin daha effektiv faaliyyat gdstarmasina imkan
yaradir [4].

MapReduce texnologiyasi informasiya tahlikasizliyi sahasinde de muhim rol oynayir.
Muasir taskilatlarda va doévlst qurumlarinda har giin milyonlarla jurnal geydi (log), sebaka trafiki
malumati va tahllkasizlik hadisaleri geydsa alinir. Bu malumatlarin tahlili kibertahdidlarin
askarlanmasi, stbhali faaliyystlarin misyyan edilmasi va tahllkasizlik monitoringinin hayata
kecirilmasi baximindan boyik ahamiyyat dasiyir. MapReduce modeli boylik hacmli tahlikasizlik
malumatlarinin emalini sliratlandirarak garar gabuletma prosesinin effektivliyini artirir.

Bundan slave, model masin dyranmasi va verilanlar analitikasi sistemlarinds da genis
istifada edilir. Boylk verilanlarin tamizlanmasi, gruplasdiriimasi, statistik emali va xUsusiyyatlarin
¢ixarilmasi kimi marhalslarde MapReduce algoritmlari yliksak ssmaralilik nimayis etdirir. Xtsusila
boyluk verilanlar Uzarinda aparilan ilkin emal proseslarinds modelin tatbigi hesablama vaxtinin
azaldilmasina va sistem resurslarindan daha semarali istifadays imkan verir [5].

Son illarda dovlst informasiya sistemlarinds do MapReduce texnologiyasinin tatbigina
maraqg artmisdir. Elektron hokumat platformalarinda, vetandas malumat bazalarinda, statistik
hesabatlarin hazirlanmasinda ve muxtalif dovlst xidmatlarinin monitoringinds boyik hacmli
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malumatlarin emalina ehtiyac yaranir. Paylanmis hesablama imkanlari sayasinde MapReduce
modeli bu tip sistemlards malumatlarin daha etibarli va semarali sakilde emal olunmasini tamin
edir.

MapReduce modelinin misbat va manfi cahatlari

MapReduce modeli boylik verilanlarin emall sahasinds an genis istifade olunan
texnologiyalardan biri hesab olunur. Modelin populyarligi onun sada programlasdirma yanasmasi,
paylanmis hesablama imkanlari va bdyik hacmli malumatlarin emalinda yiksak mahsuldarlig
tamin etmasi ile alagadardir. Xdsusila boyilk verilanlarin ananavi Gsullarla emalinin ¢atin oldugu
hallarda MapReduce modeli malumatlarin  ¢oxsayli hesablama qovsaglari arasinda
bolUsdirtlmasina va paralel sakilda emal edilmasina imkan yaradir.

Modelin asas misbat cahatlerindan biri yiksak migyaslana bilma xUsusiyyatidir.
Verilanlarin hacmi artdigca sistema yeni hesablama govsaglarinin alava edilmasi mimkin olur ki,
bu da performansin gorunub saxlanilmasina sarait yaradir. Bundan alava, MapReduce avtomatik
nasazlig idarsetma mexanizmlarina malikdir. Hesablama qovsaqglarindan biri siradan cixdiqda
sistem tapsirigi digar qovsaglarda yenidan icra eds bilir. Bu x{susiyyat boytk verilanlarin emalinda
etibarliligin artirilmasina xidmat edir. Modelin digar Ustinliklari sirasinda sada programlasdirma
modeli, paralel hesablama imkanlari va nisbatan asagl xarcli avadanliglar Gzarinds islaya bilmasi
gostarila bilar [2], [7].

Bununla yanasi, MapReduce modelinin miayyan mahdudiyyatlari de movcuddur. 9sas
problemlardan biri sistemin disk asasli islema prinsipi ila salagadardir. Map va Reduce marhalalari
arasinda yaranan araliq naticalarin diska yazilmasi alava giris-cixis amaliyyatlari yaradir va bu da
performansin azalmasina sabab olur [5]. XUsusila boyik hacmli verilanlar Uzarinda aparilan
coxmarhalali hesablama proseslarinda bu problem daha gabariqg sakilds 6zinl gostarir.

Digar mihUm mahdudiyyat iterativ algoritmlarin icrasi zamani meydana cixir. Masin
oyranmasi, graf analizi va optimallasdirma masalalarinds eyni verilanlar Uzarinda dafalarla
hesablamalarin aparilmasi talab olunur. MapReduce modelinds har iterasiya lGclin malumatlarin
yenidan oxunmasi va yazilmasi zarurati yarandigindan bu tip tapsiriglarda semaralilik azalir [3].
Bundan alava, model real vaxt rejiminda malumatlarin emali {g¢lin nazarda tutulmadigindan
gecikmaya hassas tatbiglards istifadasi mahdud hesab olunur.

Umumilikds, MapReduce modeli boyik verilanlarin emali Ggiin etibarli vo samarali
hallardan biri olsa da, muiasir analitika sistemlarinin talablari nazara alindigda onun bazi
catismazliglari ortaya cixir. Bu sababdan son illarde Apache Spark va Apache Flink kimi yaddas
asasl platformalarla birlikda istifadasi va ya onlarin alternativ hall kimi tatbigi genis yayilmisdir.

Movcud problemlar va taklif edilan hallar

MapReduce modelinin boytk verilanlarin emalinda genis tatbig olunmasina baxmayaraq,
onun bazi mahdudiyystlari praktiki istifadeda muayyan c¢atinliklar yaradir. Xisusila disk asasli
islama prinsipi giris-cixis amaliyyatlarinin sayini artirarag performansa manfi tasir gdstarir. Bundan
alava, iterativ hesablamalar va real vaxt rejiminda malumat emali talab edan tatbiglards modelin
samaraliliyi nisbatan asagi olur [3], [5].

Bu problemlarin aradan galdiriimasi Ggiin son illarde mixtalif yanasmalar taklif edilmisdir.
Onlardan biri Apache Spark kimi yaddas asasl platformalarin tatbiqidir. Bela platformalar aralig
naticalarin operativ yaddasda saxlanilmasina imkan verdiyi Gcln hesablama siratini artirir. Eyni
zamanda Hadoop ekosisteminda resurslarin daha ssmarali idars olunmasi, verilanlarin mihafizasi
G¢ln sifralema mexanizmlarinin gliclandirilmasi va girise nazarat sistemlarinin takmillasdirilmasi
da mihUm hall istigamatlari hesab olunur [7].
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Belalikla, muasir texnologiyalarla inteqrasiya ve resurs idarsetma mexanizmlarinin
optimallasdiriimasi MapReduce modelinin tatbig imkanlarinin daha da genislandiriimasina sarait
yaradir.

Natica

Aparilmis arasdirma gostarir ki, MapReduce modeli boylk verilanlarin emali sahasinda
mUhUm texnologiyalardan biri olarag 6z aktualligini goruyub saxlayir. Model paylanmis hesablama
prinsiplarina asaslanaraqg boylik hacmli malumatlarin paralel sakilda emal edilmasini tamin edir va
bu xUsusiyyati sayasinda axtaris sistemlari, sosial sabakalar, dovlat informasiya sistemlari,
informasiya tahllkasizliyi va verilanlar analitikasi kimi muxtalif sahalards genis tatbiq olunur.
Hadoop platformasi ila birlikds istifads edildikda isa boylk verilanlarin saxlaniimasi va emali Ggln
samarali infrastruktur formalasdirir.

Tadgigat naticasinda miayyan edilmisdir ki, MapReduce modeli yliksak migyaslana bilms,
etibarlilig va mahsuldarlig kimi mihdm dsttnlUklara malik olsa da, disk asasli islama prinsipi va
iterativ hesablamalardaki mahdudiyyatlari onun bazi tatbig sahalarinda effektivliyini azaldir. Bu
sababdan muasir boyidk verilanlar sistemlarinds Apache Spark va Apache Flink kimi
texnologiyalarla inteqgrasiya perspektivli yanasma hesab olunur. Umumilikds, MapReduce modeli
boylik verilanlarin emalinda fundamental hallardan biri olarag galmagda davam edir va onun
galacak inkisafi yeni nasil paylanmis hesablama texnologiyalari ile garsiligl inteqgrasiya
istigamatinda formalasir.
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AmaH»on ApyraH EpnaHKbi3bl

KaparaHAMHCKMIA HaUMOHaNbHbIM MCCNeA0BaTENbCKUIM YHUBEPCUTET MMEHM aKadeMnKa
E.A. bykeToBa

AOunxaH6ait Acbin Abanynbl

KaparaHAMHCKMIA HaUMOHaNbHbIM MCCNeA0BaTENbCKUIM YHUBEPCUTET MMEHM aKadeMnKa
E.A. bykeTtoBa

MyxaHoBa Ali3aga MypaTKbi3bl

KaparaHAMHCKMIM HaLMOHANbHbIN NCC/IeA0BATENbCKMA YHUBEPCUTET MMEHW aKaaeMMKa
E.A. bykeTtoBa

AbcmpakmHsil. B 0630pe npeacTaBaeHbl OCHOBHbIE METOAb! PeLleHUs TMHENHbIX HEOAHOPOAHbIX
andodepeHUManbHbiX  ypaBHEHMIM B YacCTHbIX MPOM3BOAHbLIX MNEpPBOro Mnopaaka C  AByMA
HEe3aBUCKMMbIMKU MepemMeHHbIMU. PaccmaTpmBaloTca caeaytolime noaxoabl: nepexod K HOBbIM
nepeMeHHbIM Yepes U3BECTHbIM MHTerpaa COOTBETCTBYHOLLEro OAHOPOAHOIO YpaBHEHMSA, MeTO
XapaKTePUCTUYECKOM CUCTEMbI M MCMONb30BaHME BCMOMOTaTe/IbHOTO O4HOPOAHOMO YpaBHEHMSA C
TPEMA HE3aBMCUMMbIMM MepeMeHHbIMU. 3aTem GOPMYIMPYIOTCS M PeLlatoTCs Knaccuyeckne wu
0606L1eHHble 33434 Kowun. B 3akN04MUTENBHBIX MPUMEpPaXx UAMOCTPUPYETCS NPUMEHEHME STUX
METO/10B K KOHKPETHbIM YPaBHEHUAM.

BsedeHue

JNlnHenHble anddepeHUmanbHble YPaBHEHUA B YaCTHbIX NMPOWM3BOAHbIX NEPBOro NMopAAKa
3aHMMatOT LLEeHTPaNlbHOE MEeCTO B MaTemMaTuyecKon Teopun anmddepeHUManbHbIX YPaBHEHWI U
WMPOKO MCMNONb3YIOTCA B PA3/IMUHbIX 0BNACTAX eCTECTBEHHbIX M MPUKNAAHbIX HayK. 3TV ypaBHEHMA
4aCcTO BO3HMKAOT NPWU MOAENMPOBAHMM NPOLLECCOB, IAe 3aBUCMMOCTb NMepPeMEHHOM ONMMUCbIBAETCS
[BYMSA HE3aBUCUMbIMW apryMeHTamu: Hanpumep, B TEOPUWU Fa30BOM AMHAMUKM A4 ONUCAHUA
CTAUMOHAPHbIX MOTOKOB, B 3a4aYax Tenjonepenayn CoO CTaUMOHAPHbIM pacrnpefeneHuem
TEeMMNepaTypbl, B TEOPUMN INEKTPOCTATMKM NPU ONpeaeneHnmn NoTeHumana noaa n B SKOHOMUKeE Npu
MOZIE/IMPOBAHUM ONTUMaA/IbHbIX CTPATErMA C MCMOSb30BAHMEM MPOCTPAHCTBEHHO-BPEMEHHbIX
apryMeHTOB.

MeTon, pelweHua TaKMX YPaBHEHWA CyWECTBEHHO OTAMYaeTcs OT MNoAXO40B K
06bIKHOBEHHbIM AMddepeHUManbHbIM YpaBHEHMAM. BarKHbIM MHCTPYMEHTOM ABAAETCA MOHATUE
XapaKTePUCTMK — KPUBbLIX HA MNIOCKOCTU. (X, y), B pe3ynbTaTe Yero 3aava CBOAMTCA K 0ObIYHOM

3aza4e. Kpome TOro, eciiv U3BECTHO YacTHOE pelleHne (FNaBHbI MHTerpana) CoOOTBETCTBYIOLLENO
0HOPOAHOTO YPaBHEHMS, CTAHOBUTCA BO3MONKHbIM NEPENTM K HOBbIM NEPEeMEHHbIM, B KOTOPbIX
MCXOAHOE HEeoAHOPOAHOe YypaBHeHWe npeobpasyeTca B YypaBHEHME C  pasAenstolmMmuca
nepemMeHHbIMMN,

B naHHoM o0630pe noApobHO pPaccMaTpPMBAOTCA TPU OCHOBHbIX MOAXOAa K PelleHMto

JIMHENHbIX HEOAHOPOAHbIX YPaBHEHWIA MEPBOro NopAAKa:
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® nepexos K HOBbIM NepemMeHHbIM Ha OCHOBE M3BECTHOIO MHTErpasa OAHOPOAHOIO YPaBHEHMA.

®  MeTOA XapaKTePUCTUK,

® NpUMeHeHMe BCNOMOraTe/IbHOro 04HOPOAHOMO YPaBHEHWA C TPeMA HE3aBUCUMbIMU
nepemeHHbIMM.

Hanee 3apaya Kowun dopmynmpyetca B Kaaccuyeckon M obobuieHHon dopme, n aaetca
aNropuUTM ee pelleHna. 3aKkNunTeNbHaA YacTb PaboTbl COCTOMT M3 KOHKPETHbIX MPUMEpPOB,
UNNIOCTPUPYIOWMX  MPUMEHEHME  YKa3aHHbIX  MeTogoB. OCHOBHbIMW  MCMONb30BAHHbIMM
NINTEPATYPHbLIMM NCTOYHUKaMM Bbian [1-2].

OcHOBHadA YacTb

Memodel peuieHUA. PacCMOTPUM NTMHENHOE HEOAHOPOAHOE YpaBHEHWE NePBOro
nopAaKa ¢ ABYMA HE3aBUCUMbIMM NEPEMEHHbBIMW BMAA:

a(x, yyu, +b(x, yyu, = c(x, y,u), (1)

raeu = u(x, y) — Heu3BecTHas GyHKunA, u, = 0u/0x,u, =0u/dy, v a,b,c n3BecTHbl 1 JOBONBHO

rnajkue.
Obuiee pelweHne ypasHeHua (1) npeactasnseTca B BUAe

u(x, y) =u,(x,y)+u,(x, ),

Fae u,(x,y)— obliee pelleHne COOTBETCTBYIOLLENO OAHOPOAHOMO YPaBHEHWA ANAC = OAup (x,»)

— NPOn3BOJ/IbHOE YaCTHOE pelleHne HeOAHOPOAHOIO ypaBHEHNA.

Memod nepexoda K HOBbIM nepemeHHbIM. [lyCTb W3BECTHO HEeTPMBMANbHOE YacTHoe
pelweHue (rnasHbiit nHTerpan). d(x, y) 0L4HOPOAHOE ypaBHeHWe

a(x, y)u, +b(x, y)u, =0,
TO ecTb PyHKUMA D(x, y) yaoBneTsopaeT
a(x, y)®, +b(x,y)®, =0.
[laBalTe BBeLEM HOBblE MEPEMEHHbIE.

§=0(x,y), =Yy,

Foe W(x,y)- sTopaa ¢yHKkumA, Hesasmucumaa ot @, Takum obpasom, nepexosn (x,y) (£,7)
NOKaNnbHo obpaTmas.

B HOBbIX MepemeHHbIX WucxodHoe ypasHeHue (1) npeobpasyeTca B ypaBHEHWE C
pasgenaeMbiMU NepemeHHbIMU OTHOCUTENBHO & NPU GUKCUMPOBAHHOM 77

. ou .
a (95777)%_0 (é:’nau)a (2)
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raea (E,m) e’ (&,1,u)— GyHKLMM, NONYYEHHbIe B pe3y/bTaTe NOACTAHOBKM (X, ) — (£,77).

Obuiee pelleHne (2) 3anncbiBaeTCs Kak

Flr)=[ 2 S @nwl ), 3

rae F uG — npow3sobHble GyHKLMM, 1 MHTerpan bepeTca B GUKCMPOBAHHOM Touke 77 BepHemces
K NepeMeHHbIM. X, y AOCTAaTO4YHO 3aMeHnTb E = O(x, y) , 17 = Y(x, ).

Memod xapakmepu3ayuu.XapakTepuctmyeckas cuctema ana ypasHeHusa (1) 3apaetca
CUCTEMOM 0BbIKHOBEHHbIX AMbPEepeHLManbHbIX YPaBHEHMIA:

d d
Z iy, L=by). L=cxnyau). (@)
ds ds

Ero nHTerpanbHble KpuBble (x(s),y(s),u(s)) Ha3bIBAOTCA XapPaKTEPUCTUKAMM.

Ecnv HanaeHbl ABa HE3aBMCUMMBbIX MEPBbIX MHTErpana XapakTepUCTUYECKOM CUCTEMbI, TO
bYHKLU MM

I, (x,y,u), L(x,y,u),
Y0BNETBOPAIOLLME YPAaBHEHMUA

ol, ol 0l
a—+b—+c—=

0, i=12,
ox oy ou

Toraa obliee pelleHne HeoOAHOPOAHOro ypaBHeHuaA (1) AaeTca CooTHOLWEeHMEM

CD([I(x’y’u)’lz(xayau)):Oa (5)
roe @ — npousBosibHAA GYHKLMA ABYX apryMEHTOB.

BcnomoraTenbHbli  MeTog, OOHOPOAHbLIX YpPaBHEHWUN.PacCMOTPMM  BCMOMOraTebHoe
NIMHENHOoe 0AHOPOAHOE YpaBHEHNE

a(x, y)w, +b(x, y)w, + ¢, (x, y)w =0, (6)

rae w(x, y) — HemnssecTHaa GyHKUMA ¢, (X, V) - AaHHbIN.

O6LWMn NHTerpan ypasHeHUs (6) meeT BU,

‘P(x,y,w) =C,

rne ¥ — vHTerpasibHan NoBepPxXHOCTb. Toraa peLleHne MCXoaHOro HeoAHOPOAHOTO ypaBHeHKs (1)
nony4aeTcs U3 ypaBHEHMA
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¥(x, yu(x,y)) =0,
4YTO MOXKeT AaTb HEABHOE MM ABHOE BblpaxeHune anau(x, y) .

Mpobnema Kowu. Popmynuposka.
Knaccuyeckas eepcua.Haiamnte peweHneu(x,y)ypasHeHne (1), yaosneTsopstollee

HayaNbHOMY yCa10BMi0 Ha KpuBon x =0

u(0,7) = 4(»),

rae ¢(y) — 3afaHHaa GyHKUmA.
ObobuweHHas sepcus. McxoaHble AaHHble NpeacTaBfieHbl Ha MPOM3BOJIbHON KPUBOM,
onpeaeneHHoM napameTpUYecKu:

x=X(r), y=Y(), u=U(r), 7ve€la,p]

B 4aHHOM C/y4ae CMbICA TaKOB: i NONOXKEHWE Ha KpMBOM onpeaenaetca dyHKunen U (7).
PeweHue 3ad0a4yu Kowu. Anropntm pelleHns ob6obuieHHoM 3aaa4m Kowm BrkAtoYaeT B cebA:
1. TlocTpoeHMe XxapaKTepmucTMyeckom cuctemsi (4).
HaxoxaeHue ABYX He3aBUCUMbIX NepBbIx HTerpanos I, (x, y,u) N1, (x, y,u) .

PacyeT 3HaueHUM

C(0)=1(X(@.Y@)U®D), C()=L(X(2).Y(2),U(r))
[NS BCEX T .
4. WcknodeHne napameTpos 7 u3 ypasHeHuit [, = C,(7) N1, = C,(7)4T0bbI NONYUUTD

COOTHOLWEHWE MEXAY X, ¥, U -
TakuMm 0H6pas3om, pelieHne yCTaHaBAMBAETCA ABHO MM HEABHO HAa OCHOBE XapaKTePUCTUK
M UCXOAHbIX AQHHbIX.

KoHKpemHsblie npumepel.
lpumep 1.YpaBHeHUNE

u +tu=e", (7)

X

rae npeanonaraeTca, YTo peleHneu(x, y) He 3aBUcKT OT y . Toraa (7) npespalyaetca B 06bl4HOE
ypaBHeHMe

Mb! Muem KOHKpeTHOe pelleHune B opmeu, (x, y) = v(x) Mbl 3ameHsem:

X

ViX)+v(x)=e" = v(x)= % +Ce ™.

Toraa obuiee pelweHne UCXOAHOro ypaBHEHNUS ByaeT caeayoLmm:
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e’ x
u(x,y)= o A(y)e ™,

rae A(y) — Npou3BoNbHaA GYHKLMA y NONYHEHO U3 pelleHna OA4HOPOAHOrO ypasHeHnAau +u =0

lpumep 2.YpaBHeHUe
Xu, +yu, =xy. (8)
CHavana pewnm CooTBETCTBYHOLEE OAHOPOAHOE YpaBHEHME:
xu, +yu, =0.
XapaKTepunCTMKa CUCTEMDI:

dx d_y du

g_ ds_ E_

0.

s ya

M3 nepsbix ABYX ypaBHeHwndy /dx =y /x= y=CxTo ecTb Nepsblit UHTerpanl, =y/xTpeTbe
ypaBHeHWe faeT BTOpoW MHTerpan. I, = u BAONb XapakTepucTukn. ObLiee pelleHne 04HOPOLHOrO

ypaBHeHuA:
uh(x’y):F(%)'
HAna vactHoro pewenunau, (x, y) Mbl Bepumu , = A(x)y . 3aTem

u, =AWy, u,, =AXx).

P

MNoactaHoBKa B (8):
x(A'(xX)y)+yA(x)=xy = xA'(x)+ A(x)=x.

370 06bIYHOE YpaBHEHME NEPBOro NopsAAKa, PeLleHHOe MEeTOA0M UHTEerpupyoLwero
MHOXUTENA:

A(x) :x—g.
x

[asaiite Bbibepem C; =0, mbl nonyvaem A(x) = x . O3HavaerT,
u,(x,y)=xy.

Obuee pelweHne (8):
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u(x,y) = F(2)+xy,
roe F — npounsBosibHana GyHKLUSA OT O4HOr0 apryMeHTa.

Mpumep 3.3apaqa Koww ana (8) c Ha4yanbHbIMM AaHHbIMK Ha Kpusonx+y =1,u(l,y)=y.
Mbl onpesnensem Kpusyto napametpudeckn: x =1—7, y =7, u(l—7,7) = r XapakTepHas cuctema:

dx _ dy - du_
ds ds T ds

b

xy.

Pelwws nepsble ABa ypaBHeHua, nonydaemx(s)=Ce’, y(s)=C,Ce", TpeC, =y /x3atem BLOND
XapaKTepPUCTUKM

2
% =x(s)y(s)=C’C,e* = u(s)= %ezs +C,.
s

Mbl 3ameHsaeme’ = x/ C, Mbl NONy4aem

C
u=—x"+C,, C =2, C, - const.
2 X

NTaK, BTOpon nHTerpan:
I, =u——xy.
Obuee peweHne B popme (5):
u—lxyz G(l).
2 X

C y4eTom HayanbHbIX ycnosunx =1—7, y = 7, Mbl nony4aem

1 tl+7t 7
T——(A-7)r=G(E)=—= =—.
2( ) () 21+7 2
CnepoBsaTesibHO,
H Y
G(u)= , =,
(4) 20+ 10 H=
B KOHLIe KOHLOB
1 y
ux,y)=—xy+————-.
(x.) 2 Y 2(x+y)
3akato4eHme
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B 0630pe cCUCTEMATU3MPOBAHbLI  KJAcCUYecKMe  MeTodbl  PeleHua  NUHENHbIX
HeoAHOPOAHbIX AnddepeHUManbHbIX YPaBHEHMIA B YaCTHbIX MPOM3BOAHbLIX MEPBOrO MOpPsAAKa.

[Moka3aHo, 4To:
- MeTog nepexofia K HOBbIM MepeMeHHbIM Yepe3 [1aBHbl MHTerpaa OAHOPOAHOro

ypaBHeEHMSA NO3BOIAET CBECTM 33434y K YPABHEHMIO C Pa3AeNsieMbiMN NepeMEHHbIMMY;
- XapaKTepuCTUYeCKMIt MeTopn OaeT obliee pelleHWe NMocpeaCcTBOM MEPBbIX MHTErPasoB

XapaKTEPUCTUYECKOM CUCTEMBI;
- [ns NONyYeHWA HesBHbIX PeWeHUM WCXOAHOro YpPaBHEHWMA MOXHO MCMNO/b30BaTb

BCMOMOraTe/IbHOE OAHOPOAHOE YPaBHEHME C TPEMA NEPEMEHHbBIMMU.
MpnBOAATCA MPUMEpPbI, AEMOHCTPUPYIOLWLME MPUMEHEHME KaXAOro M3 MEeTOAO0B, BK/OYasA
NOCTPOEHME YaCTHbIX PelleHnin, obliee pelleHMe O0AHOPOAHOrO YPaBHEHNUS U pelleHne 3a4a4m
Koww.

CnMCcoK NCNONb30BaHHOM AnMTEpaTypbl
1. 3anues B.®., MonauunH A.[. CnpaBoYyHUK AnddPepeHUmanbHbIX YPAaBHEHUIA C YaCTHbIMM
NpOun3BOAHbIMWN NepBOro nopsaaka. — M.: ®uamatamt, 2003.
2. KopHT., KopH T. CnpaBo4YHMK NO maTemaTuKe. - M.: Hayka, 1984.
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Abstract

The current research analyzes factors influencing life expectancy among various regions of
Kazakhstan by applying official statistics and correlation methods. According to the results
obtained, the strongest correlations are found for such factors as the size of catering market,
spending on R&D activities, and the number of institutions providing higher education. Moreover,
significant correlations are identified between life expectancy and employment rate, population,
and marriage rate. Using these findings, regions of Kazakhstan will be divided into several groups
for comparison purposes in order to find out how important factors influence longevity differently
in various regions.

Keywords: life expectancy, regional analysis, Kazakhstan, correlation analysis,

socio-economic factors, education, regional disparities.

1. Introduction

The life expectancy is considered one of the most important markers of social and
economic development of the state. It shows not only the health state of the population, but also
reveals such factors as the level of education, jobs available, as well as the quality of life. Though,
there are regional differences concerning life expectancy in Kazakhstan during the last decades.
The goal of this study is to find out what factors cause the regional disparities in life expectancy in
Kazakhstan. As a result of correlation analysis, the strongest correlations were found between the
variables representing such factors as education level, expenses onresearch and
development and services sector. The next step in this research includes clustering of regions
according to the set of factors and comparison of the influence of the mentioned factors on life
expectancy among different clusters.
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criteria:
of

two
availability

1.1 Literature Matrix
Title Author(s), Methodology Key Findings Connection to our
Year work
Factors A.Zh.Panzabek[The study is based[The study used We used the same
affecting  lifejova, Ivan E.lon regression andregression models to|methods as in the
expectancy in|Digel correlation analyze the impact of [article, but not just for|
Kazakhstan analysis. Data werelsocio-economic factors [Kazakhstan's  regions,
020 selected based onlon life expectancy in the but for the entire world.

regions of Kazakh- stan.
The results show that

data and potential
impact on life
expec- tancy. A
two- factor power

longterm statisticaIEconomic factors have

he most significant
influence, while some
relationships require
further research.

And you can see a trend

that within individual
countries and within
each  country, the
indicators vary|
according to certain
logics.

regression model

was constructed
using  Microsoft
Excel.
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Life
expectancy
and
determining
elements: A
study for the
Czech
Republic  at|
the beginning
of the 21th
century

its

Vojtech
Korbelius,
Mgr. Michal
Paulus, 2025

The study
developed a life
expectancy
model for the
Czech  Republic
using district-
level data and
grouped
explanatory
variables into

three categories:
socio-economic
factors, health-
care factors, and
environmental
pollution
indicators.

The study found that
pollution  significantly
reduces life expectancy,
while a higher
proportion of people
aged 65 is positively
associated with longer
life expectancy. It also
showed that health-

care factors such as
access to  doctors,
pharmaceutical
revenues, and
environmental
investments play

important roles.

The study provides a
valuable  framework
for our analysis of life
expectancy across the
regions of Kazakhstan.
By examining socio-
economic, healthcare,

and environmental
determinants of
longevity, it helps

identify factors that
may explain regional

differences in life
expectancy within
Kazakhstan.
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Modelling of |V. A,
life ex- (2021
pectancy in

the world

Shtun,

Econometric
analysis using
multiple linear
regression based
on
cross-country
data
countries).
Statistical  test-
ing of variables
and model diag-
nostics were
applied to de-
termine  signif-
icant factors
affecting life
expectancy.

(126

The study found that
life expectancy is
significantly in- fluenced
by access to clean
drinking water,
government health
expenditure,

vaccination cover- age,
electricity ac- cess, and

GDP per capita.
Negative effects were
found  for  alcohol

consumption and CO,
emissions. Some varia-
bles such as unem-
ployment,  education
level, and smoking were
not statistically
significant in the global
model.

This study supports
our diploma research
by demonstrating how
statistical  modeling
can be used to analyze
determinants of life
expectancy across
countries. It provides
methodological

support for our
machine learning
approach and helps

justify the selection of
socioeconomic,
behavioral, and en-
vironmental varia-
bles used in our life
expectancy prediction
model.

2. Methodology

The regression model was used to study the relationship between economic, social,
and environmental factors and life expectancy. This approach allows the identification of
factors that are most strongly associated with life expectancy and provides a global
comparative analysis.

For each independent variable, a simple linear regression model was con- structed:

= mi + muui

(1)

® v isthe life expectancy for observation i,

® ;s anindependent variable (factor) that influences life expectancy,

® m is the intercept representing the baseline level when u; = 0,

® m,; is the slope coefficient indicating the change in life expectancy when u;

increases by one unit.

To examine the relationship between life expectancy and selected factors, the
correlation analysis is applied. In this study, the simple linear correlation coefficient is used

to measure the strength and direction of the relationship between variables.
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The correlation coefficient is calculated as follows:
LUV —n-uv

(o = n@)(Sevt — n7)

(2)

The correlation coefficient ranges from -1 to +1. Values close to +1 indicate a strong
positive relationship, values close to -1 indicate a strong negative relationship, and values near O
indicate no linear relationship.

The coefficient of determination is defined as the proportion of total variation explained
by the regression model:

- Kz _ ?:0({7\1 - E)2
imo(vi —v)?

Ahigher K? indicates a better explanatory power of the independent variable.

3. Regression analysis of Factors Affecting Life Expectancy in Kazakhstan

A data set was compiled for 20 regions of Kazakhstan. The following variables were
included in the analysis: labor productivity, government expenditure on R&D, number of
universities, number of marriages, population, number of employed, divorce rate, the size of
the public catering market and so on.

Name of Indicators Designation
Labor productivity by region, tenge lbr
Government expenditure on R&D by region, tenge gov
Number of higher education institutions uni
Number of marriages mrg
Population, total pop
Number of employed by region empl
Number of divorces div
Average monthly pension amount by region, tenge pens
Median income of the population by region, tenge aversal
Emissions of liquid and gaseous pollutants by region, co2
ton

The size of the public catering market by region, tenge cat

table1 Socio-Economic Indicators Used for the Analysis of Kazakhstan
To conduct a correlation analysis of factors influencing life expectancy, were used official
statistical data provided by the Statistics Committee of the Republic of Kazakhstan (stat.gov.kz). It
should be noted that slightly different factors were used for Kazakhstan, as data for some
indicators presented in international sources were unavailable. The designations of the indicators
used are presented in Table 2.
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Indicators | Correlation coefficient (k)
lbr 0,22
cat 0,76
gov 0,74
uni 0,71
mrg 0,69
pop 0,68
empl 0,67
div 0,53
pens 0,30
aversal 0,274
co2 0,36

table 2 Correlation coefficients between indicators
Since life expectancy can vary depending on continental factors, cities were grouped by
regions to analyze which variables have the greatest impact on life ex- pectancy in each region
group. Correlation coefficients were calculated using formula 2. The results are presented in Table
3

-0,95 | -095

0,47 -0,92
0,90 uni | -0,76 | 0.97] 0,93
0,82 -0,38 0,62] 0,38
0,87 | -091 1 0,65 0,42
0,92 0.86|empl | -092 0,69 0,47
0,85 diy -0,98] 0, 0,77 0,60
0,25 pens | -0,97 3 0,66 0,44
0,81 Jvers: 1 085 : | 0,74] 0,54
0,33 -0,79 | 0,95 0,90
0,92 | 0,50| 0,25|cat 0,72| 0,52 -0,90] 0,82 0,88 0,77

table 3 Correlation between life expectancy and factors in Kazakhstan

4. From Data to Application: Predicting Life Expectancy

In this chapter, a predictive model for life expectancy estimation was developed
using the Multiple Linear Regression approach.

In our previous work(“Factors Affecting Life Expectancy Worldwide and Kazakhstan”) we
worked with Regression analysis for 207 countries and predictive model was constructed using
MSExcel. For this article an application was constructed with the Scikit-learn library in the
programming language Python, using the LinearRegression() method. The dataset used in this
study contains data from over 200 countries and includes a variety of demographic, economic,
environmental and lifestyle indicators that could affect life expectancy.

The application interface was designed to be simple and user-friendly. Users can select a
country and adjust several lifestyle-related parameters, including smoking status, alcohol
consumption, obesity level, gender, and happiness score.
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Life Expectancy Calculator

Select country

Morocco v
Gender

Male v
Smoking

No v
Alcohol

No v
Obesity

No v

Happiness Level

Predict

Predicted life expectancy: 70.4 years

Estimated range: 67.5 - 73.3 years

Average life expectancy in Morocco: 75.5

figure 1 Life expectancy calculator

After entering the required information and pressing the prediction button, the application
processes the data and calculates the estimated life expectancy value using the trained regression
model.

The application displays:

e predicted life expectancy;

e estimated prediction interval,

e average life expectancy of the selected country.
5. Results and Discussion
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{1 labor_productivity
@8 number_of_divorces
@ university
@ average_salary
@ number_of_marriages
figure 2 The factors that have the negative impact

Figure 2 shows the factors with the strongest negative impact on life expectancy in each
region of Kazakhstan. In the western region, the number of universities has the greatest negative
impact, whereas in the eastern region, the number of divorces has the strongest negative impact.
In the northern region, average wages are considered the factor with the strongest negative
correlation. In the central region, the size of the working-age population has the strongest
negative impact, whereas in the southern region, the number of marriages has the strongest
negative correlation with life expectancy.

East Kazakhstan

Almaty

Almaty City

sSouth Kazakhstan

number_of_employed
average_salary
pension_amount
university
figure 3 The factors that have the positive impact
Figure 3 shows the factors with the strongest positive correlation with life expectancy in
various regions of Kazakhstan. In Western Kazakhstan, it is considered that pension levels have the
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greatest positive impact. In Eastern and Northern Kazakhstan, average wages show the strongest
positive correlation with life expectancy. In Central Kazakhstan, the number of people in
employment has the greatest positive effect, whereas in Southern Kazakhstan, the number of
universities shows the strongest positive correlation with life expectancy. These findings show that
the factors exerting the strongest positive influence on life expectancy vary significantly from
region to region, reflecting different social, economic and demographic conditions.

6. Conclusion

This study examined the relationship between socio-economic and demographic factors,
on the one hand, and life expectancy, on the other, across various regions of Kazakhstan. Using
correlation and comparative analysis, both positive and negative links were identified between life
expectancy and a range of regional indicators, including average wages, employment rates, the
pension ratio, the number of higher education institutions, the number of marriages and divorces,
as well as characteristics of the working-age population.

The results show that the factors most closely associated with life expectancy vary
significantly by region. Positive correlations were mainly linked to economic and educational
indicators, such as average wages, employment rates, pension amount and the number of higher
education institutions. Conversely, the factors showing the strongest negative correlations varied
by region and included variables such as the number of divorces, marriages, the size of the labor
productivity, average salary and the number of universities.

These regional differences suggest that life expectancy is not influenced by a single
overarching factor, but rather by a complex interplay of social and economic conditions. The
findings highlight the importance of regional approaches in the formulation of public policy, e.g.
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Abstract

Regression analysis is widely used in science, engineering, economics and many other fields for
modeling relationships between variables and for predicting future observations. Selecting an
appropriate regression model is a crucial step towards reliable results. In this work, we consider
some popular regression models and discuss their suitability for different types of data. The
alternative model is evaluated and compared to other models using statistical measures through
a Python-based approach. The results highlight the importance of model selection and provide a
simple framework in order to decide the most appropriate regression model for a given dataset.

Keywords
Regression, Pearson correlation coefficient, Spearman correlation coefficient, Coefficient of
determination, Adjusted R?, Functional regression.

Introduction

Most users who work with datasets tend to reach for regression now and then. These meth-ods
arrays everywhere - from math class to stock forecasts, even robot brains. What makes linear
versions stick around? There are straightforward answers, mostly. When things get twisty
between factors, polynomials step in instead. Not every field uses them the same way, yet they
still show up constantly.

Choosing the right model isn’t always straightforward when working with regression. While one
version might fit well, another could miss patterns in the data. Accuracy shifts depending on the
structure chosen, so comparing options matters. Some methods reveal weaknesses others hide,
simply by how they measure error. Tools like adjusted R-squared help spot which setup works
better. Instead of guessing, analysts lean on these met-rics to guide decisions. Each number gives
a hint - not proof - about what fits most naturally.

This research looks into how well different regression models perform, using a custom-built
Python program to pick the best one based on standard statistical measures. While some methods
show stronger results, others fall short under typical evaluation rules. A closer look at performance
reveals patterns that favor certain models depending on data traits. Instead of relying on
assumptions, the tool uses clear metrics to guide choices. Each model’s outcome gets weighed
through consistent testing procedures. Depending on the dataset, the top choice can shift
noticeably. Through systematic comparison, one approach often stands out without needing
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expert guesswork. (Considered studies: [2], [1], [4], [3])

Literature Review

Table 1: Literature Review

Link Author Main idea Connection to our work
Regression Marko Sarstedt, |Discusses regression analy-sisSupports the general
Analysis Erik Mooi as a tool for modelingmethodology of regression
relationships between variqmodeling. Unlike this work,
ables and making predic-jour study emphasizes
tions. automatic model selection
among several regression

types.

Multivariate Priyanka Sinha Examines polynomial re{Demonstratesthe useful-ness
Polynomial gression models and theirof  nonlinear  regression
Regression applications in data miningmodels. Our work compares
in Data and predictive analysis. polynomial models with lin-
Mining: ear regression using statisti-

Methodology,
Problems and

cal criteria.

Solutions

MeTpuKn Loginom Blog Describes common qualitylProvides evaluation criteria
KayecTBa metrics used to evaluate re-used in our study. We ap-ply|
NTMHENHbIX gression models, includingthese metrics within a Python
PEerpecCcUoHHbIX measures of goodness of fit. [program to identify the most
Moaenemn suitable regression model

automatically.

Applied MultiqRichard John-son,Presents the theoreticalProvides the statistical
variate Statisti-cal Deanffoundations of multivariatefpackground for regression

Analysis

Wichern

statistical analysis, includ-ing

regression methods and
model  evaluation  tech-
nigues.

analysis. Our work focuses on
implementing and com-
paring specific regression
models in Python.
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Methodology

To identify criteria for choosing the best regression model we have calculated the metrics for
different functions, constructed plots and Star Radar Plots ([2]) and compared results to make
decisions.

We chose four functions for which scatter plots were constructed:

3 X

y =X, y = x2, y = x>, y =sin(x), vy = cos(x), y =e*,
y=e*—1, y=In(x), y=Ihkx-1), y=In(x+1), (1)

y=((x-1)2-1, y=(x-2)2-1, y=x-13-1, y=x-2)3-1

For each function we considered several intervals of an independent variable x:
[0; 10], [1; 11, [2; 12], [3; 13], [4; 14], [5; 15]

Each interval contains 21 observations with a step size of 0,5. For instance, on the interval [0;10],
where the following values are chosen:

0,05,1,15,...,9,95,10

Consider the function ¥ = (x - 1) - 1. We calculated 7z, (Pearson correlation coefficient), 75
(Spearman correlation coefficient), also R? (Coefficient of determination) for linear, quadratic and
cubic regression models and Adjusted R? for them. The values of coefficients for predicted models
" were calculated using OLS method. (1)
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Y=(X-1)A2-1

X-range 0Oto 10 1to 11 2to12 3tol3 4to 14 S5tol5
r(xy) 0,9475 0,9655 0,9756 0,9819 0,9861 0,9889

r(s) 0,9877 1,0000 1,0000 1,0000 1,0000 1,0000

Rl 0,8978 0,9321 0,9519 0,9642 0,9723 0,9780
a -15,8333 | 33,1667 |-39,8333 | -54,8333 |-71,8333 | -90,3300

b 8,0000 6,0000 | 12,0000 | 14,0000 | 16,0000 | 18,0000

RA2 (quadratic) | 0,9796 0,9803 0,9804 0,9781 0,9726 0,9629
a2 -8,9724 |-16,8607 | -26,9503 |-39,4833 |-54,9597 |-74,0786

b_2 25552 4,2297 5,/887 201 8,8005 | 10,3661

e 2 0,5960 0,5457 0,5260 0,5237 0,5215 0,5458

RA2 (cubic) 0,9993 0,9998 0,9999 1,0000 1,0000 1,0000
a3 -1,8390 | -2,8045 | -3,8586 | -4,4932 | -5,2619 | -6,0088

b 3 -0,0094 | -0,0079 | 0,0961 0,0018 0,0005 0,0002

c 3 0,5479 0,6343 0,6776 0,7348 0,7671 0,7922

d_3 0,0279 0,0193 0,0148 0,0108 0,0085 0,0068

RA2 adj (quad) | 0,9773 0,9782 0,9782 0,9757 0,9696 0,9588
RA2_adj (cubic) | 0,9992 0,9998 0,9999 1,0000 1,0000 1,0000

Figure 1: Metrics of y= (x- 1)
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Figure 2: Scatter plots of y=(xr-1)*-1
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The results ( 2) show a consistently high Pearson correlation coefficient 7y,,, indicat-ing a strong
linear association between x and y. However, a high linear correlation does not necessarily imply
that a linear model is the most appropriate representation of the data. The Spearman correlation
coefficient 7xis equal to 1 (or very close to 1) across almost all intervals, which confirms a perfect
monotonic relationship between the variables, though it does not distinguish between linear and
nonlinear structures.

To evaluate model performance more precisely, we consider the coefficient of determi-nation R?
and its adjusted version. The results show that both R? and Adjusted R? increase as the polynomial
degree increases, indicating that higher-order models explain more variance in the data.
Importantly, the adjusted R? does not penalize the higher-degree models in this case, suggesting
that additional parameters are contributing meaningful explanatory power rather than
unnecessary complexity.

Additionally, shifting the x-interval slightly improves the overall fit, further stabilizing the model
performance. Based on the consistently highest R? and adjusted R? values, the cubic model " =
a+ bx+ cx¥’ + da® provides the best fit for the data among the tested models.

Figure 3: Star plots of y=(x-1)?-1

In addition to the scatter plot, star plots ([2]) were made for each function over the same intervals.
([3]) The star plots show each observation as a ray from the center of a circle. The length of the
ray is representative of the value of the function at a given x value.

The corresponding values of the function plotted as ray lengths. The star plots show how the
functions behave. For ¥ = (xr- 1)? - 1 the star shapes become more elongated as the interval

moves to the right.

Consider the function y= cos{x).
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Y=COS(X)
X-range 0to 10 l1toll 2to12 3to13 4t014 Sto 15
rxy) -0,2943 -0,0947 0,2131 0,3017 0,1381 -0,1794
r(s) -0,3065 -0,1000 0,2065 0,3390 0,1481 -0,1558
RA2 0,0866 0,0090 0,0454 0,0910 0,0191 0,0322
a1 -0,0711 -0,0307 -0,4655 -0,5625 -0,1242 0,3403
b 1 0,3100 -0,0207 0,0500 0,0700 0,0300 0,5403
RA2 (quadratic) 0,0921 0,0428 0,0481 0,0914 0,0310 0,0295
a2 0,2533 -0,1306 -0,4782 -0,4854 -0,2168 0,5293
b 2 -0,0273 0,0349 0,0548 0,0396 0,0114 -0,0346
c 2 -0,0048 -0,0053 -0,0005 0,0026 0,0027 -0,0004
RA2 (cubic) 0,2004 0,1405 0,0025 0,1219 0,1390 0,0560
a_3 -0,0897 -0,3912 -0,1950 0,0430 0,6908 0,8389
b 3 -0,0071 -0,0016 -0,1257 -0,0043 -0,0006 0,0005
c 3 0,0384 0,0349 0,0328 -0,0137 -0,0288 -0,0193
d_3 -0,0047 -0,0035 -0,0018 0,0014 0,0021 0,0011
RA2_adj (quad) -0,0088 -0,0636 -0,0576 -0,0096 -0,0767 -0,0783
RA2_adj (cubic) 0,0593 -0,0111 -0,1734 -0,0330 -0,0128 10,1104
Figure 4: Metrics of y= cos{x)
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Figure 5: Scatter plots of y= cos{x)
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For = cos(x) the results ([4], [5]) show a weak and unstable relationship between x and y
across all x-ranges. The correlation values fluctuate around zero and even change sign,
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confirming that there is no consistent linear or monotonic pattern due to the periodic nature of
the cosine function.

Linear regression performs poorly with very low R? values (0.01-0.09), meaning it explains almost
none of the variation. Quadratic models do not improve the fit, and their Adjusted R? values are
negative, showing no real predictive value. Cubic models perform slightly better in some intervals
(up to R%=0.20) but results remain inconsistent and still weak overall.

Overall, polynomial regression (linear, quadratic, cubic) is not suitable for modeling cos{.x) over
shifting intervals because the function is periodic. The model fit depends heavily on the chosen
range, and none of the low-degree polynomials can reliably capture the oscillating behavior.

Oto 10 1to1ll 2to 12

30Y = COBEX) 2 10y = CO86x) . 50 = C086K) "

3to13 4to 14 5to 15
6oy = cosix) . 70y = co8fx) o goYy = codfx)
) -
|

Figure 6: Star plots of ¥ = cos(x)

For ¥= cos(x), the star plots ( 6) reveal a pattern that repeats over time. We see a series of peaks
and valleys.

So we analyzed how different regression models perform on various types of mathematical
functions over different intervals ( 1). For each function, we computed statistical indicators
including Pearson correlation coefficient (7), Spearman rank correlation coefficient (7) and the
coefficient of determination (R?) for linear, quadratic, and cubic regression models.

The purpose of this comparison is to evaluate how well each regression model captures the
underlying structure of the data and to investigate how the choice of interval affects model
performance. By comparing these metrics across different functions, we aim to identify patterns
that can help in selecting the most appropriate regression model for a given dataset.
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7s rx]/ Rlzinear Réuadratic R?ubic Function

[-0.4,-0.1] or |-0.3,-0.1] or  |[0.01,0.1] [0.01,0.1] [0.01,0.2] sin/cos

[0.1,0.4] [0.1,0.3]

1 [-0.7,0.5] or |[0.4,0.5] [0.5,0.7] [0.87,0.92] Exponential
[0.5,0.7]

1 [-0.99,0.90] [0.90,0.98] [0.88,0.92] [0.93,0.99] Logarithmic
or [0.90,0.99]

1 1 1 [0.96,0.98] [0.98,0.99] Linear

1 [-0,99,-0.96]  |[0.93,0.98] [0.96,0.98] 1 Quadratic
or [0.96,0.99]

1 [-0.97,0.91] [0.83,0.93] [0.94,0.95] 1 Qubic
or [0.91,0.97]

Table 2: Regression metrics for different functions

The results demonstrate that the performance of regression models strongly depends on the type
of function and the chosen interval. Linear correlation (7)) is often high even for nonlinear
functions, which shows that it alone is not sufficient for model selection. Spear-man correlation
(75) provides additional insight into monotonic relationships but does not distinguish between
different functional forms.

The coefficient of determination shows a clear improvement as model complexity increases from
linear to quadratic and cubic regression. In most cases, higher-order mod-els better capture
nonlinear behavior, especially for functions with curvature or periodic structure. However, the
improvement is not always equally significant, which highlights the importance of balancing model
accuracy and complexity.

Overall, the analysis suggests that no single regression model is universally optimal. Instead, the
choice of model should depend on both the statistical characteristics of the data and the
underlying functional behavior.

To draw Scatter plots and Star Radar plots for any dataset like this there was made a Python
program to choose the best fitting regression model for a certain dataset.

Example: The air-pollution dataset from the literature was analyzed using linear, quadratic, and

cubic regression models. Correlation coefficients and model performance measures were
calculated for each predictor variable, and the results are summarized in 7
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Table 1.5 Air-Pollution Data
Solar
Wind (x;) radiation (x,) CO(x3) NO(x4) NO,(x5) Osz(x¢) HC(x7)
8 98 7 2 12 8 2
i 107 4 5 9 5 3
7 103 4 3 5 6 3
10 88 5 2 8 15 4
6 91 4 2 8 10 3
8 90 5 2 12 12 <+
9 84 r 4 12 15 5
5 72 6 4 21 14 4
7\ 82 5 1 11 11 3
8 64 5 2 13 9 4
6 71 5 4 10 3 3
6 91 4 2 12 7 3
T 72 7 4 18 10 3
10 70 4 2 11 T 3
10 7 4 1 8 10 3
9 77 + 1 9 10 3
8 76 + 1 7 7 3
8 71 5 3 16 4 4
9 67 4 2 13 2 3
9 69 3 3 9 5 3
10 62 5 3 14 4 4
9 88 4 2 7 6 3
8 80 4 2 13 11 +
5 30 3 3 5 2 3
6 83 5 1 10 23 4
8 84 3 2 7 6 3
6 78 4 2 11 11 3
8 79 2 1 7 10 3
6 62 4 3 9 8 3
10 37 3 1 7 2 3
8 71 4 1 10 7 3
7 52 -+ 1 12 8 4
2 48 6 5 8 -+ 3
6 7o 4 1 10 24 3
10 35 4 1 6 9 2
3 85 + 1 9 10 2
5 86 3 1 6 12 2
5 86 4 2 13 18 2
7 79 75 4 9 25 3
7 79 5 2 8 6 2
6 68 6 2 11 14 3
8 40 4 3 6 5 2
Source: Data courtesy of Professor G. C. Tiao.

Figure 7: Air Pollution Data
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Predictor Solar (xz2) CO (x3) NO (xa) NOz2 (xs) 03 (xs) HC (x7)
r(xy) -0.1014 -0.1938 -0.2695 -0.1098 -0.2536 0.1561
r(s) -0.1254 -0.1822 -0.2303 -0.0556 -0.2196 0.1421
R2 0.0103 0.0376 0.0727 0.0121 0.0643 0.0244
a 8.1834 8.6295 8.3585 8.0176 8.1775 6.3956
b -0.0093 -0.2484 -0.3919 -0.0515 -0.0720 0.3568
Rz (quad) 0.0133 0.0411 0.0921 0.0456 0.0699 0.0330
a: 7.2934 7.4800 7.4567 5.9453 7.8376 8.5015
b2 0.0193 0.2533 0.4928 0.3410 0.0002 -1.0211
C2 -0.0002 -0.0511 -0.1741 -0.0167 -0.0029 0.2149
R2(cubic) 0.0165 0.0562 0.1015 0.0519 0.0828 0.0343
as 4.2577 0.9307 8.8419 8.5383 6.9896 5.5238
bs 0.1733 5.0572 -1.5937 -0.4087 0.3237 1.9730
Cs -0.0026 -1.1506 0.7040 0.0490 -0.0344 -0.7397
ds 0.0000 0.0787 -0.1080 -0.0017 ©0.0008 0.0968
R2adj(quad) -0.0373 -0.0080 0.0455 -0.0033 0.0222 -0.0166
R2adj (cubic) -0.0612 -0.0183 0.0305 -0.0230 0.0104 -0.0419
Best model Cubic Cubic Cubic Cubic Cubic Cubic

Figure 8: Metrics

([7]) shows that the relationships between the response variable and the selected pre-dictors are
generally weak. The cubic model achieved the highest R? value for all variables and was therefore
identified as the best-fitting model. However, the low R? values indicate limited explanatory
power for all predictors.

([9]) presents the observed data together with the fitted linear, quadratic, and cubic regression
curves for each predictor variable.

Regression Fits — Wind (x1) vs each predictor

Wind ~ Solar (x2) Wind ~ €O (x3) Wind ~ NO (xa)

Figure 9: Scatter plots
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The scatter plots confirm the numerical results obtained in([7]). Although the cubic models
provide slightly better fits than the linear and quadratic models, the differences are relatively
small, reflecting the weak relationships present in the dataset.

To complement the regression analysis, star radar plots were constructed for each interval of the
data.

Air-Pollution: Wind (response) vs Predictor Metrics — Radar/Star Plots
rx,y) r(s) R? R? (quad)

R? (cubic) R*adj (quad) b (lin)

r(x2)

Figure 10: Star plots

The star radar plots provide a visual representation of the variation and distribution of the
observations. The resulting patterns are consistent with the regression analysis and highlight the
differences in data behavior across the considered intervals.

Overall, the example demonstrates the application of regression metrics and visual-ization
techniques for model comparison. Among the examined models, cubic regression produced the
best fit, although the relationships between the variables remained relatively weak.

Results

The experimental evaluation was conducted using several regression models, including linear,
guadratic, and cubic regression. Each model was fitted to the generated datasets, and its
performance was assessed using standard statistical metrics.

The results showed that the accuracy of approximation strongly depends on the corre-spondence
between the model complexity and the underlying data pattern. Linear regression provided
satisfactory results for datasets with approximately linear behavior but demon-strated lower
accuracy when the relationship became nonlinear. In such cases, polynomial regression models
achieved significantly better performance.

Quadratic regression improved the approximation of moderately nonlinear datasets, while cubic
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regression provided the most accurate fit for datasets with more complex struc-tures. However,
increasing model complexity did not always lead to better generalization. In some cases, higher-
order models produced only marginal improvements while increasing the risk of overfitting.

A comparative analysis of the obtained metrics confirmed that no single regression model is
universally optimal for all datasets. The selection of an appropriate model should therefore be
based on the characteristics of the data and supported by quantitative evalua-tion criteria.

Conclusion

This study investigated the performance of different regression models, including linear,
guadratic, and cubic regression, using a Python-based evaluation approach. The main ob-jective
was to identify how model choice affects the quality of data approximation.

The obtained results confirm that model selection plays a crucial role in regression analysis. Simple
models are effective for linear patterns, while polynomial models are more suitable for complex
relationships. At the same time, overly complex models may reduce interpretability and lead to
overfitting.

The proposed approach demonstrates how statistical indicators can be used to support automatic
model selection. This can be useful in practical applications where the underlying relationship
between variables is not known in advance.
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Abstract

This paper presents an empirical validation study of a production-grade Probability of Default (PD)
model deployed in a digital consumer lending platform, and benchmarks its temporal stability
metrics against values reported in the traditional credit scoring literature. Fintech lenders operate
under conditions that differ structurally from traditional retail banking: faster borrower acquisition
cycles, thinner credit files, limited credit bureau penetration, and shorter loan tenors. Despite
these constraints, the model under review achieves a Gini coefficient of 0.487 and a Kolmogorov-
Smirnov statistic of 0.421, placing it in the upper range of traditional bank scorecard benchmarks.
Monthly Gini volatility is 0.031, with no statistically significant downward trend over the multi-
year observation window. However, a systematic upper-tail calibration bias of +0.048 percentage
points is identified as a fintech-specific failure mode, attributable to the absence of credit bureau
cycle features. Additionally, this study demonstrates that the Population Stability Index (PSI), the
industry standard for distribution shift detection, is insufficient as a standalone early-warning
signal: it remained below alert thresholds in months when class-conditional drift for defaulters
was already in the investigation zone. To address this limitation, a Composite Model Health Score
(CMHS) is proposed, which aggregates normalised deviations across six validation metrics into a
single monitoring index. Empirical and simulation results show that CMHS detects model
degradation two to eight months earlier than standalone PSI. The complete validation pipeline is
implemented in open-source Python and presented as a reproducible framework for fintech
model risk management.

Keywords: probability of default, model validation, temporal stability, fintech credit scoring, Gini
coefficient, Kolmogorov-Smirnov statistic, PSI, ROC AUC, model drift, digital lending, composite
monitoring index

1. Introduction

The deployment of statistical and machine learning models in credit underwriting creates
ongoing obligations that extend well beyond initial model development. Regulatory frameworks
— including SR 11-7 issued by the Federal Reserve Board (2011) and the Basel Committee's
guidelines on model risk management — require financial institutions to subject production
models to regular, structured validation covering conceptual soundness, discriminatory power,
and calibration accuracy. For Probability of Default models specifically, this obligation is reinforced
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by the role PD estimates play in expected loss calculations under IFRS 9 and Basel I, where model
errors translate directly into miscalibrated provisions and capital requirements.

The academic literature on PD model validation is substantial. Engelmann, Hayden, and
Tasche (2003) formalised the use of the Gini coefficient and Kolmogorov-Smirnov statistic as
discrimination tests, deriving their asymptotic distributions and establishing the theoretical basis
for benchmark comparisons. Thomas, Edelman, and Crook (2002) and Siddiqi (2006) provided
comprehensive treatments of scorecard development and validation in retail credit. Baesens et al.
(2003) benchmarked multiple classification algorithms across eight credit datasets, and Lessmann
et al. (2015) extended this comparison to 41 methods, establishing a reference range for Gini and
AUC values in traditional retail credit portfolios. These benchmarks — Gini above 0.30 as the
minimum acceptable threshold, PSI below 0.10 as an indicator of population stability — have
become the industry standard for model monitoring.

However, these benchmarks were developed in an era when retail credit scorecards were
built primarily on credit bureau data from mature financial markets. Their applicability to fintech
models operating on thin-file or alternative-data populations has received limited empirical
attention. Fintech lenders differ structurally from traditional banks in several important ways:
borrower acquisition cycles are faster, credit histories are shorter, and novel feature sets —
derived from transactional behaviour, device metadata, and application patterns — have no direct
analogue in bureau-based models. Berg et al. (2020) and Bjorkegren and Grissen (2018)
demonstrated that such alternative data can be highly predictive, but neither study examined the
temporal stability of the resulting models after deployment — which is the operationally critical
guestion for model risk management.

This paper addresses that gap with three specific contributions. First, it reports
comprehensive temporal validation metrics — monthly and quarterly AUC, Gini, KS statistic, PSI,
and calibration error — for a production fintech PD model over a multi-year observation window,
benchmarked against the traditional credit scoring literature. Second, it documents a systematic
calibration failure pattern specific to fintech models — upper-tail over-prediction — and traces its
mechanism to the absence of bureau cycle-bill features, providing a diagnostic test practitioners
can apply to their own models. Third, it demonstrates empirically that PSI is insufficient as a
standalone early-warning signal in fintech contexts, and proposes the Composite Model Health
Score (CMHS), a normalised aggregate monitoring index that detects rank-ordering deterioration
earlier than PSl in both empirical data and controlled simulation.

2. Related Work
2.1 PD Model Validation: Established Methods

The Gini coefficient was adapted from income inequality measurement (Gini, 1912) to
credit scoring as a measure of rank-ordering quality, and its equivalence to the area under the
ROC curve was formalised by Engelmann et al. (2003), who also showed its relationship to the
Mann-Whitney U statistic and derived an asymptotic test for discriminatory power. The
Kolmogorov-Smirnov statistic was adopted from non-parametric statistics (Kolmogorov, 1933) as
a complementary separation measure quantifying the maximum distance between the cumulative
score distributions of defaulters and non-defaulters.

Hand (2009) provided a critical analysis of the AUC metric, arguing that it implicitly assumes
a uniform distribution over the cost ratio of misclassification errors, which is rarely appropriate in
practice. This concern is particularly relevant in fintech lending, where the cost structure of
approving high-risk borrowers versus declining creditworthy ones may shift over time as portfolio
composition changes. Hosmer, Lemeshow, and Sturdivant (2013) systematised calibration analysis
for binary outcomes; Niculescu-Mizil and Caruana (2005) empirically compared calibration across
algorithm classes; and Platt (1999) and Zadrozny and Elkan (2002) proposed logistic and isotonic
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recalibration methods respectively, both of which are standard tools in applied model risk
management.

The Population Stability Index, which quantifies distributional shift between a reference
score distribution and a current scoring population, traces to internal banking industry practice
documents of the 1980s. Its statistical properties were formalised by Yurdakul (2018), who noted
two important limitations: sensitivity to the number of bins chosen, and insensitivity to changes in
the relationship between the score and the outcome variable. The second limitation is directly
relevant to the present study.

2.2 Benchmark Values from Traditional Credit Scoring

Table 1 summarises Gini and KS values reported across the major empirical studies and
regulatory guidance documents for traditional retail credit scorecards. The consensus range of
Gini 0.28-0.64 across diverse datasets and methodologies provides the primary benchmark against
which the fintech model in this study is evaluated.

Table 1. Benchmark Gini and KS values from traditional retail credit scoring literature

Source Portfolio Type  Gini Range  KS Range Notes
Siddigi (2006) General retail 0.30-0.50 0.25-0.45 Rule-of-thumb
thresholds
Thomas et al. (2002) Consumer credit 0.35-0.55 0.30-0.50 UK bank data
Baesens et al. 8 credit datasets 0.28-0.64 0.22-0.58 LR, NN, SVM
(2003) compared
Lessmann et al. 8 public datasets 0.31-0.62 — 41 methods
(2015) compared
EBA (2017) IRB portfolios >0.25 >0.20 Regulatory
minimum
Federal Reserve SR All model types — — Process guidance

11-7

2.3 Fintech Credit Scoring: Existing Research

Research on fintech credit scoring has expanded considerably since 2015, driven by the
growth of digital lending platforms in both developed and emerging markets. Berg et al. (2020)
demonstrated that digital footprint variables — including device type, operating system, and email
provider — predict default with AUC values comparable to traditional bureau scores on thin-file
populations, using data from a German e-commerce platform. Bjorkegren and Grissen (2018)
showed that mobile phone call patterns predict loan repayment in Rwanda with AUC around 0.70.
Gambacorta et al. (2019) confirmed these findings using data from a Chinese fintech firm, and
further showed that alternative data improves credit allocation efficiency most strongly for
borrowers lacking formal credit histories.

A common limitation across these studies is their focus on development-time or holdout-
time performance rather than on the post-deployment monitoring lifecycle. They report model
quality at a single point in time but do not examine whether that quality is maintained over months
or years of production operation. This gap is particularly consequential in fintech settings, where
portfolio composition can shift rapidly due to product changes, geographic expansion, or
macroeconomic developments. The temporal validation framework presented in this paper is
designed to fill that gap.
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3. Data and Experimental Setup
3.1 Institutional Context

The data originates from GoldenPay OJSC, a digital consumer lending platform operating
in Azerbaijan. The platform provides short-term unsecured loans to retail borrowers, who are
scored at origination using a proprietary PD model. The model ingests borrower-level features
derived from internal repayment history, application behaviour, and identity verification data.
Unlike traditional bank scorecards, it does not incorporate external credit bureau scores, as
bureau penetration in the operating market remains limited. This institutional context is broadly
representative of fintech lenders in emerging markets: thin-file populations, limited bureau
enrichment, and high growth rates that can cause rapid portfolio composition shifts.

3.2 Score-at-Loan-Time Assighment

A central methodological principle of this study is the use of the score at loan origination
time rather than any subsequent score. This choice is essential for measuring whether the model's
predictions at the moment of the underwriting decision were predictive of subsequent outcomes
— which is the operationally relevant question. Using post-origination scores would introduce
look-ahead bias by incorporating information that was not available at decision time.

Formally, for each loan record i, the assigned score is the most recent PD estimate
generated on or before the origination timestamp, obtained via backward asof-merge: s i =
argmax score(c_i, t) subject to t <=t_i(orig), where c_i is the customer identifier and t_i(orig) is
the origination timestamp. The default label is the worst-ever outcome across all loans for each
customer: y i = 1 if the maximum days past due observed across all loans by that customer
exceeds 30, and O otherwise.

3.3 Out-of-Time Reference Dataset

For PSI analysis, a separate out-of-time dataset drawn from the model development
window serves as the reference score distribution. This reference captures the score distribution
at the time the model was trained and deployed, against which subsequent distributions are
compared. All temporal analyses use monthly and quarterly stratification of the main dataset, with
metrics computed on each stratum independently.

3.4 Operational Decision Threshold

The production system applies a decision threshold of 0.172: loan applications with
predicted PD above 17.2% are flagged for additional review or rejection. This threshold was
calibrated at model deployment to balance the approval rate against expected credit loss. All
threshold-specific metrics — true positive rate, false positive rate, and precision at threshold —
are evaluated at this value. Under the standard scorecard scaling with offset A = 600 and factor B
= 50, this threshold corresponds to approximately 596 scorecard points.

4. Validation Methodology
4.1 Discriminatory Power: AUC, Gini, and Temporal Drift

The primary discriminatory metric is the Area Under the ROC Curve (AUC), defined as the
probability that the model assigns a higher score to a randomly drawn defaulter than to a
randomly drawn non-defaulter. The Gini coefficient G = 2 * AUC - 1 is the industry-standard
transformation, mapping AUC to the interval [-1, 1] with O indicating no discrimination.

For temporal analysis, let G_m denote the Gini computed on the subset of loans scored in
month m. Gini volatility is defined as the standard deviation of the monthly Gini series: sigma_G =
std({G_m}). Gini drift delta_G is the OLS regression slope of G_m on the month index m, tested for
statistical significance at the alpha = 0.05 level using a t-test. A statistically significant negative
delta_G is the primary signal of systematic model degradation. The Kolmogorov-Smirnov statistic
is computed using the same monthly stratification, and the KS drift is tested analogously.
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4.2 Calibration Analysis and Upper-Tail Calibration Bias

Calibration is assessed using quantile binning into K = 10 groups of equal size. Within each
bin k, the calibration error is the difference between the mean predicted probability and the
observed default rate. The Expected Calibration Error (ECE) is the population-weighted mean
absolute calibration error across bins. The Upper-Tail Calibration Bias (UTCB) is the mean signed
calibration error in the top two bins — those containing borrowers with the highest predicted risk.
A positive UTCB indicates systematic over-prediction at the upper end of the risk distribution. This
metric is introduced in this paper as a fintech-specific diagnostic, motivated by the observation
that the absence of credit bureau cycle features creates a specific failure mode in the high-risk
segment.
4.3 Population Stability Index and Conditional PSI

The standard PSl is computed across B = 10 equal-frequency bins defined on the reference
out-of-time distribution, comparing expected proportions from the reference period to actual
proportions in each monitoring period. In addition to the aggregate PSI, this study introduces
conditional PSI (cPSI) computed separately within the defaulter and non-defaulter subpopulations.
Conditional PSI can detect targeted drift — the score distribution shifting differently for the two
outcome classes — that aggregate PSI misses. The standard thresholds of PSI < 0.10 for stability,
0.10-0.25 for slight shift, and above 0.25 for major shift are used for both aggregate and
conditional PSI.
4.4 Decile Analysis and Monotonicity Index

The Monotonicity Index (M) is defined as the fraction of consecutive decile pairs where
the bad rate in the higher-risk decile exceeds the bad rate in the lower-risk decile: Ml = (1/(D-1))
*sum_{d=1}D-1}I[b_d > b _{d+1}], where D =10 and b_d is the bad rate in decile d (with d =1
being the highest-risk decile). A perfectly rank-ordered model has Ml = 1; values below 0.70
indicate material violations in the operational region.
5. Empirical Results and Literature Comparison
5.1 Overall Discriminatory Power

The production model achieves an overall Gini of 0.487 and KS of 0.421. Table 2 positions
these results against the traditional credit scoring benchmarks established in Table 1. Both metrics
fall in the upper range of the traditional literature values, a finding that is notable given the
absence of external bureau enrichment.

Table 2. Fintech model performance versus traditional credit scoring benchmarks

Metric This Study Traditional Literature Interpretation
(Fintech) Range

Gini (overall) 0.487 0.28-0.64 Upper half of benchmark
range

KS (overall) 0.421 0.22-0.58 Upper half of benchmark
range

AUC (overall) 0.744 0.64-0.82 Comparable to bureau-
based models

Gini volatility 0.031 ~0.03-0.06 Low — stable month-to-

(sigma_QG) (estimated) month

Gini drift -0.002/month Not reported in Non-significant (p = 0.19)

(delta_G) literature
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The absence of bureau enrichment does not prevent the model from achieving
discriminatory power comparable to traditional scorecards. The key mechanism is the temporal
density of internal behavioural signals: because the platform generates multiple interactions per
borrower per month — repayment events, login patterns, top-up requests — the feature set
captures dynamic patterns that remain highly predictive of default even without credit history
data from external sources.

5.2 Temporal Stability

Monthly Gini values range from 0.441 to 0.528 across the observation window. No month
falls below the 0.30 minimum acceptable threshold. The OLS drift coefficient delta_G =-0.002 per
month is not statistically significant (t = -1.31, p = 0.19), confirming the absence of a systematic
degradation trend. Quarterly Gini values are more stable, ranging from 0.462 to 0.511, consistent
with the monthly variation being attributable to sampling noise rather than structural change.
Monthly KS values are similarly stable, with no month below 0.20.

This finding challenges the intuition that rapidly evolving fintech borrower populations
necessarily produce faster model drift than traditional retail credit portfolios. When the feature
set is grounded in stable behavioural signals — repayment history, application engagement,
account activity — the predictive relationship appears to be as durable in the fintech context as in
traditional credit.

5.3 Calibration: Upper-Tail Over-Prediction

While discriminatory performance is strong, calibration analysis reveals a systematic failure
mode. The overall Expected Calibration Error is 0.031, which falls within acceptable bounds for
most applications. However, the Upper-Tail Calibration Bias is UTCB = +0.048: the model over-
predicts default probability by approximately 4.8 percentage points in the top two score quintiles.
This pattern is stable across all monthly calibration analyses in the observation window, ruling out
a transient data artefact as the explanation.

The mechanism is structural: bureau-based models incorporate outstanding balances,
utilisation rates, and delinquency flags that directly encode current financial stress, providing
strong calibration anchors at the upper end of the risk distribution. Without these features, the
model's predicted probabilities at high-risk scores exceed the true observed rates, because the
feature set cannot fully distinguish borderline high-risk borrowers from extreme high-risk
borrowers within the top score segment. The practical implication is that fintech PD estimates
should not be used directly as IFRS 9 expected loss inputs without a recalibration step —
specifically, isotonic regression applied to the upper tail of the predicted probability distribution
— before regulatory use.

5.4 Population Stability and Conditional PSI

The aggregate PSI against the out-of-time reference dataset is 0.072, below the 0.10
stability threshold. Monthly PSI values remain below 0.10 throughout the observation window
except for two months where PSI reached 0.11-0.12, coinciding with a product expansion event
that introduced a new borrower segment. Conditional PSI analysis reveals a meaningful
asymmetry: cPSl for defaulters is 0.091, while cPSI for non-defaulters is 0.064. In the two months
where aggregate PSl indicated slight instability, conditional PSI for defaulters reached 0.14-0.17,
already in the investigation zone — a signal that aggregate PSI failed to produce.

6. The Composite Model Health Score (CMHS)
6.1 Motivation and Definition

The evidence in Section 5 demonstrates a fundamental limitation of PSI as a standalone
monitoring signal: it measures distributional shift in the score variable but is insensitive to changes
in the relationship between the score and the outcome. A model can be discriminatory but poorly
calibrated; its score distribution can be stable while rank-ordering deteriorates. Monitoring that
relies on a single metric will miss failure modes not captured by that metric.
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The Composite Model Health Score aggregates normalised deviations across six validation
metrics into a single scalar monitoring index. For each metric m_i in {G, KS, ECE, PSI, MlI, L(0.10)},
the normalised deviation from its reference value r_i (the value at model deployment)isz_i=(m_i
-r_i) / sigma_i, where sigma_i is the rolling standard deviation of metric i over the preceding six
months. Signs are adjusted so that positive z_i values indicate improvement and negative values
indicate deterioration. The CMHS is the weighted average: CMHS = sum_iw_i * z_i*, where the
weights are 0.30 for Gini, 0.20 for KS, 0.15 for ECE, 0.15 for PSI, 0.10 for Monotonicity Index, and
0.10 for top-decile lift. An alert is triggered when CMHS exceeds 1.0 in absolute value in the
deterioration direction.

6.2 Early-Warning Comparison: CMHS vs. PSI

To evaluate early-warning properties, a controlled degradation scenario is simulated:
synthetic Gini drift of -0.01 per month is introduced into the empirical monthly data while the
score distribution is held constant, ensuring PSI remains below 0.10 by construction. Under this
scenario, PSI produces no alert throughout the 12-month simulation window. CMHS, driven by the
Gini component, exceeds the 1.0 alert threshold at month 4, detecting the degradation 8 months
before any PSI signhal would appear.

In the empirical data, the two months where aggregate PSI entered the slight-shift zone
were preceded by CMHS alerts two months earlier, driven primarily by the Gini drift and
conditional PSI components. This in-sample evidence confirms that CMHS provides earlier warning
of materialising model degradation than standalone PSI, by incorporating rank-ordering and
calibration signals that distribution-based metrics do not capture.

Table 3. CMHS alert thresholds and recommended actions

CMHS Value Status Recommended Action
Below 0.5 Healthy Continue routine monthly monitoring
0.5-1.0 Watch Increase monitoring frequency to bi-weekly
1.0-15 Alert Investigate metric drivers; consider recalibration
Above 1.5 Critical Immediate model review; potential suspension of scoring

7. Discussion
7.1 The Thin-File Paradox

A striking finding of this study is that a fintech PD model operating without external bureau
enrichment achieves Ginivalues in the upper range of traditional credit scoring benchmarks (0.487
versus a traditional literature range of 0.28-0.64). This challenges the implicit assumption in parts
of the model risk literature that the absence of bureau data necessarily implies weaker
discrimination. The finding suggests that the predictive value of a feature set depends less on
whether it includes bureau data specifically, and more on whether it captures stable, high-
frequency signals that are genuinely correlated with credit behaviour. In markets where bureau
penetration is low, fintech lenders may achieve discriminatory performance comparable to
bureau-enriched models by leveraging the density of behavioural signals generated through digital
platform interactions.
7.2 Implications for Model Risk Management

Three practical revisions to standard fintech model monitoring practice follow from the
results of this study. First, PSI-only monitoring should be replaced or supplemented by a multi-
metric composite index such as CMHS. The evidence that PSI remained below alert thresholds
while class-conditional drift for defaulters was already in the investigation zone demonstrates that
distribution-based monitoring alone is insufficient for production fintech models.
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Second, upper-tail recalibration should be applied as a standard post-processing step
before model outputs are used as regulatory PD estimates. The UTCB of +0.048 observed in this
study would produce material overstatement of expected loss under IFRS 9 if raw model
probabilities are used without correction. Isotonic regression applied to the top two score
quintiles reduces UTCB to approximately +0.009 without affecting discriminatory performance.

Third, conditional PSI by outcome class should be monitored alongside aggregate PSl as a
more sensitive signal of distributional change. This requires labelled outcome data and operates
with a lag, but it provides directional information about which borrower segment is driving any
observed shift — information that aggregate PSI does not supply.

7.3 Limitations

Several limitations should be noted. The results derive from a single institution in a single
emerging market, and generalisation to other fintech lenders and geographies requires
replication. The default outcome is defined as worst-ever 30-plus days past due, an absorbing-
state definition that does not account for curing behaviour; a time-to-event formulation using
survival analysis would be more precise and enable the concordance index as a complementary
validation metric. The CMHS weights are set judgementally, and a data-driven calibration of
weights against historical degradation events would strengthen the framework. Finally, the
observation window does not span a full credit cycle, and the temporal stability findings should be
interpreted with appropriate caution regarding their robustness across different macroeconomic
regimes.

8. Conclusion

This paper has presented a comprehensive empirical validation study of a production
Probability of Default model in a fintech digital lending environment, benchmarked against
traditional credit scoring literature. Five principal findings emerge from the analysis.

First, fintech PD models can achieve discriminatory power comparable to the upper range
of traditional bank scorecards even without credit bureau enrichment, provided that the feature
set captures stable, high-frequency behavioural signals. The observed Gini of 0.487 and KS of 0.421
position the model well within the established benchmark range for retail credit.

Second, temporal stability of discriminatory metrics is strong over the observation period,
with monthly Gini volatility of 0.031 and no statistically significant downward drift, challenging the
assumption that fintech models necessarily degrade more rapidly than traditional scorecards.

Third, a systematic upper-tail calibration bias of +0.048 percentage points is identified as a
fintech-specific failure mode attributable to the absence of bureau cycle features. This finding has
direct regulatory implications: raw PD outputs from thin-file models require upper-tail
recalibration before use in IFRS 9 expected loss calculations.

Fourth, the Population Stability Index is insufficient as a standalone monitoring signal in
fintech contexts, demonstrated empirically by cases where aggregate PSI remained below alert
thresholds while class-conditional PSI for defaulters was already in the investigation zone.

Fifth, the proposed Composite Model Health Score detects model degradation two to eight
months earlier than standalone PSI in both empirical data and simulation, by incorporating rank-
ordering and calibration signals that distribution-based metrics do not capture. The CMHS
framework provides a concrete, implementable improvement to production model monitoring
practice.

Taken together, these findings support a revised approach to model risk management in
fintech lending: one that adopts traditional discriminatory benchmarks as meaningful
performance targets, implements multi-metric composite monitoring rather than PSl-only
surveillance, and applies systematic upper-tail recalibration before PD outputs are used in
regulatory calculations.
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COBEPLUEHCTBOBAHWE OMNEPATUBHOTIO
YHNPABJIEHNA MNMPOV3BOLACTBOM HA
[OPHOLOBbLIBAIOLWMX TTPEANPUATNAX
KA3AXCTAHA B YC/TOBMAX LIMOPOBOM
TPAHCOOPMALINN

Ceneybaes Ainpap

MaruncTpaHT, busHec-wkona Narxoz (NBS), Anmatbl, KasaxctaH

Marav TaTbsiHa

Hay4YHbIA PyKOBOAMTENb, K.3.H., AoueHT, Ol «MeHeaxmeHT», LUIM, HAO «YHuBepcuteT
Hapxo3» (AnmaTtsl, Pecnybnnka KasaxctaH)

AHHOTaumA: B cTaTbe  paccmaTpuBatoTca  Npobnembl  ONepaTMBHOMO  yrNpaBieHUsA
NPOW3BOACTBEHHOM CUCTEMOM Ha COBPEMEHHbIX TOPHOAOObIBatOWMX NpeanpuATMAx KasaxcTaHa,
XapPaKTEPU3YIOLLMXCA BbICOKOM KaMMTANOEMKOCTbIO M AMHAMWYHOCTbIO npoueccos. Ha npumepe
MeCcTopoXKaeHNA Anmanbl  06OCHOBaHa HeobXOAMMOCTb MNepexofa OT  aHaJMTUYECKOro
yApaBAeHMa K LMPPOBLIM MeToAam 3a cyeT BHeapeHus cuctemsl «1C:ERP fopHoaobbiBatowan
NPOMBILWAEHHOCTL  2».  OnucaHbl  MeXaHW3Mbl  MHOTFOKOHTYPHOIO y4eTa, Mo3BoaAloWme
KOHCONMAMPOBATL  Pa3pO3HEHHblE  MPOM3BOACTBEHHbIE  AaHHble, a TaKXe  meToabl
aBTOMATM3MPOBAHHOIO pacyeTa KAK4YeBbIX NOKasaTenen adpPekTMBHOCTM paboTbl 060pyAOBaAHUA
(KTT 1 KMO) B npoLecce MOHUTOPUHTA B PEXUME PeasibHOro BpeMeHu. [JokazaHa SKOHOMMUYECKas
M OpraHM3aLMOHHas LenecoobpasHocTb UMdPOBU3aLMM ANCNETYEPU3ALMM TOPHOTPAHCNOPTHOMO
KOMMIeKca.

Kntoyesble  cnoBa:  onepaTMBHOe  ynpasneHwe,  uMdpoBM3auma,  AUcCneTyepusaums,
ropHoao6bbIBatowWan  npomblwneHHocts, 1C:ERP,  mHOrokoHtypHbin  ydeT, KWO, KTT,
MeCcTopoXaeHne Anmarbl.

BeegeHne CoBpemeHHble ropHoaobbiBatoWmMe NpeanpuATUA NPeACcTaBAAT COOOM CNOXKHble
FOPHOTPAHCMOPTHbIE W NepepabaTbiBaloWME KOMMIEKChl, OCHAUIEHHblE MOLWHOM TFOPHOM
TEXHMKOW W COBPEMEHHbLIMW CUCTEMAaMM aBTOMATM3MPOBAHHOTO KOHTpona. B ycnosmax
9KCKABATOPHO-aBTOTPAHCMOPTHOM CMCTEMbI Pa3paboTKM (KOoTopas NPMMeEHAETCA, B YaCTHOCTH, NpU
NPOMbILWNIEHHOM Pa3paboTKe OKUCNEHHbIX Py4, MECTOPOXKAEHNA AIMasibl MO TEXHONOTNM KYYHOTO
BbillenaunmBaHns SX-EW) nnaHupoBaHWEe W ynpaBneHMe TEXHONOTMYECKMMM MNpPOoLeccamm
HenpepbIBHO yCnoXHAtOTCA. COBpPEMEHHOe TrOpHOe MPOM3BOACTBO OT/IMHAETCA  BbICOKOM
OMHAMUYHOCTBIO M KaMUTANOEMKOCTbIO, YTO pPe3KO MOBbIWAeT BO3MOXHbIM yuwepb oT
ynpaBneHYeCcKMx OLWMOOK. B TaKMX yCN0BMAX pelleHms, MPUHUMAEMbIE UCKAOUMTENBHO Ha OCHOBE
JIMYHOTO OMbITa U UHXEHEPHOM MHTYULMM, CTAHOBATCA MaNo3bPeKTUBHbIMK. [NaBHOM Npobaemoit
[EeNCTByOWEN CUCTEMbl OMNEPaTMBHOIO YNPaBNEeHMA BbICTYNaeT pPa30bLWEeHHOCTb  AaHHbIX:
NNIAHOBbIE HOPMATMBbI, MapKLLeAepCKMe 3amepbl, aHHbIE C BECOBbIX KOMM/IEKCOB M NOKA3aHWA
aBTOMATU3MPOBAHHbIX CUCTeM aMcneTyepusaumm (ACY) GopmmpytoTca B HE3aBMCUMBbIX KOHTYpPaX.
STO NPUBOAUT K CKPbITbIM MPOCTOAM TEXHUKM Ha CTbIKaX TEXHOIOMMYECKMX ONEPALLUA U CHUKEHMIO
obuen pUTMUYHOCTU A00bIYM. MHBecTMUuMM B LMbPOBYHO TpaHcGOpPMaUMio, B YACTHOCTM BO
BHeJpeHWe coBpemeHHoM ERP-cuctembl M cuctem aucnetdepusaumm  (MES), ssastoTcs
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CTpaTernyeckMm npmopmuTeToM Ana obecnevyeHma NPO3pPavyHOCTU M NOBbILIEHNA 3GGEKTUBHOCTH
busHeca [1].

OcHOBHaA 4acTb. VIHCTpyMeHTbl uUMdpPOBM3aLMKM yNpaBAeHMA Npom3BoacTBOM. [1nAa pelweHua
BbIAB/MIEHHbIX Npobnem npeanaraetcs BHeApPeHWe nporpammHoro  npoaykta «1C:ERP
fopHOAOObLIBAOWAA  MPOMbIWAEHHOCTb 2%,  npeAHa3HaYeHHOro A4  aBTOMaTU3aumm
onepaTMBHOrO, YNpPaBAEHYECKOro y4yeTa M NAaHMPOBaHUSA AeATE/IbHOCTU Ha ropHOA00bIBAIOLLINX
npeanpuatmax. Mcnonb3oBaHWe [AaHHOM CUCTEMbI MO3BOAAET 334eMCTBOBATL caedyloume
pe3epBbl NOBbIWeHNs addekTUBHOCTH [2.3]:

1. BHeapeHMe MexaHM3Ma MHOFOKOHTYPHOro yyeta AaHHbiX. OTIMYMTENbHOM 0COBEHHOCTbIO
yyeTa ropHbix paboT ABAAETCA M3HAYa/IbHOE HaANYMe NnLlb NPUBAN3NTESNbHBIX OLEHOK 06beMOB
BbIPabOTKM (40 MONYYEHMA TOUHbIX JaHHbIX C BECOBOrO 060OPYAOBaHMA MU MapKLIenaepCcKux
3aMepoB), KOTOPble HEOOXOAMMbI AMCIETYEpY «34eCh M ceryac». B cucteme Kaxablh MCTOUHMK
nHpopmauumn (nnaH, dakt ACY, BecoBasd, MapKlienaep) NpeacTaBNeH Kak CamoCTOATE/IbHbIN
pa3pes3 OonepaTMBHOTO y4yeTa B CMpPaBOYHMKE «Buabl AaHHbIx». CONOCTaBAEHWE 3TUX AaHHbIX
NO3BONIAET OMNEPaTMBHO HAXOAWMTb «30/10TYI0 CEPeaMHY», BbIABAATb KPUTUYECKME OTKAOHEHMA
(NpuNUCKKM peicos, Heaorpys MAM HeobOCHOBaAHHble MPOCTOM) WU MPUHUMATb K WMTOrOBOMY
ynpaBaeHYeCKoMY y4eTy TONbKO AOCTOBEPHYIO CTAaTUCTUKY.

2. ABTOMaTu3aumsa ynpasneHua obopygosBaHem u pocT KTT u KNO. 3HaumTensHbii peseps
KPOETCA B CHMMKEHWMW HEeNpPOM3BOACTBEHHbIX MNOTEPb BPemMeHM paboTbl 3KCKABATOPOB M
aBTOCamocBasnoB. CucTema MO3BOASET BECTM CKBO3HOW Yy4yeT BpemeHM paboTbl M MPOCTOEB
TEXHUKKW. Ha OCHOBEe perncTpmpyemblx AaHHbIX dopmupyeTca «KaneHaapHbih GOHA BPeEMEHU»,
KOTOPbI  aBTOMATMYECKM BbIYMCAAET  KOIDOUUMEHT TexHudyeckon rotosHocTn (KTM) u
KoaddUUMEHT Mcnonb3oBaHMA Napka (KMNO), nokasbiBatoLLMIA CTENEHb NONE3HOMO MCMNOb30BAHMSA
0ObEKTOB 3KCNAyaTalUuMM 3a Nepunoa. [leTanbHaa Knaccudmkauma NpocToeB Ha TEXHONOTMYECKMe,
aBapuiHble M OpraHM3aLUMOHHbIe AaeT PyKoBOACTBY 0O6beKkTMBHble KPl Ana BbIABNEHMA «Y3KMX
MecCT».

3. UndpoBM3aLmMa OCHOBHbIX TEXHONOTMYECKMX Onepaumnit. ApXMTEKTypa CUCTEMbI MO3BONAET
ounbpoBaTh M CBA3ATb B €AMHbIN KOHTYP BCE 3Tanbl Pa3paboTKM MECTOPOKAEHMUA:

— leonormyeckaa M TexHoNOrMyeckaa moaenn: BBoAATCA TOYHble CBEAEHWSA O TOPM3OHTaX,
3KCM/yaTaUMOHHbIX 6/10KaX, 3aneskax M OypoBbIX CKBaXKMHaX, Y4TO MNEPEBOAUT reosornmyeckmne
OaHHble B 6a3y ANs eXKeHEBHOrO HOPMMUPOBAHMA.

— YnpaBneHue TPaHCMOPTOM OCYLLEeCTBASeTCA yepe3 «Paboumii CToN y4yeTa TopHbIX paboT» wu
HOPMWPOBAHME TEXHONOTMYECKUX MNEPEBO30K, Fae CTPOro GUKCUPYIOTCA Mnacnopta 3arpysku
aBTOCAaMOCBA/I0B M MapKLLENAepCKMe 3aMepbl PAcCTOAHUIM 0T 3ab0s A0 oTBana Uan Gabpukm.

4. KoHTpOonb KayecTBa pydbl. [na MeCTOPOXAEHMNA, MCNOMb3YIOWNX TMAPOMETANNYPrMYecKkme
TexHonormm (SX-EW), KpUTUMYECKM BaXKHO cofepyKaHue Moe3HOro KomnoHeHTa. loacucrema
«YnpaBneHue KayecTBOM» aBTOMATM3UPYeET QUKCALMIO Pe3y/ibTaToB S1abopaToOpPHbIX MCMbITaHWM
(bopMmnpoBaHME NACMOPTOB 1 CEPUIA KaYecTBa) U NO3BONAET AMHAMMUYECKM YNPABAATb MPOLLECCOM,
ncKkNtodaa GMHaHCoBbIE NOTepU Npu nepepaboTKe ropHOM Macchl.

Pe3ynbTaTbl UCCNEAOBAHMA U 3KOHOMMYECKan 3PPEKTUBHOCTb BHedpeHMe WMHTErpMpOBaHHOWN
cuctembl T[N KopeHHbIM 06pa3om TpaHchOPMUPYET pPOJb AUCMEeTYepa: ero BHUMaHME
NepeHoCUTCA C pyTMHHOro cbopa CBOAOK Ha MPOaKTUBHOE NpeaynpexaeHne 3aaepek. CosgaHume
eanHoln cpeabl (roe ¢akT X03AMCTBEHHOM onepauum PerucTpupyeTca TONbKO OAWMH pa3)
MUHUMU3UPYET BAUAHNE YenoBeYeckoro dakTopa.

CornacHo oTpacneBbiM UCCNeA0BaHMAM B 061aCTW ynpaBaeHua akTueamm (EAM), aBTomaTtnsauma
NPOLLECCOB TEXHMYECKOro 06CNYyKMBaAHMA, PEMOHTOB M AMCNEeTYEepPMU3aLIMM NO3BONAET A0CTUYb
BNEYaATAAOWMX IKOHOMMYECKMUX IDPEKTOB: YBEAMYUTb CPOK MNONE3HON0 MCMNOAb30BaHMA
obopyagosaHua Ao 30%, COKpaTUTb MPOCTON TEXHUKM A0 20% W MOBbLICUTb OOLLYIO FOTOBHOCTb
napka obopyaoBaHna Ha 17%. Kpome Toro, COKpallaeTcA BpPems OpraHW3aLMOHHOro
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NPONEXMBAHMA CbipbA, @ CAy4am HexBaTKu 3anacos (TMLU) ana BbINOAHEHMA PeMOHTHbIX paboT
ymeHbLaTca Ha 29%.

3akntoveHme lMNepexos ropHoA00ObIBAIOLLMX NPeANnPUATII, B HAaCTHOCTU MECTOPOXKAEHMA AIMansbl,
Ha umdpoBoe ynpasaeHune ¢ ucnonbdosaHnem «1C:ERP lopHoa06bIBatOW@s NPOMbILLAEHHOCTb 2»
ABNAETCA SKOHOMMYECKM M OpPraHM3aLUMOHHO O0BOCHOBAHHbIM pelleHnem. MHTerpaumsa AaHHbIX
ACY, BECOBOro KOHTPO/AA WM MNNAHOBbIX HOPMATMBOB B MEXaHM3ME MHOFOKOHTYPHOro y4eTa
YyCTpaHAET CKpbITble noTepu BpemeHn. MaTemaTnyeckm O60CHOBAHHbLIM POCT  KKOYEBbIX
nokasateneit (KTF u KMO) B COBOKYMHOCTM C AMHAMMUYECKMM HOPMUPOBAHUEM JIOTUCTUKM
obecneunBatoT HecnepeboMHyt0 PUTMUYHOCTb A00bI4YKN, CHUMKAA cebecToMMOCTb M MOBbILIAS
MTOTOBYO KOHKYPEHTOCNOCOOHOCTb NPeanpuATHA.
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Abstract: This article examines the challenges of operational management of production systems
at modern mining enterprises in Kazakhstan, which are characterized by high capital intensity and
dynamic processes. Using the Almaly deposit as an example, the article demonstrates the need to
transition from analytical management to digital methods through the implementation of the
“1C:ERP Mining Industry 2” system. The article describes multi-loop accounting mechanisms that
allow for the consolidation of disparate production data, as well as methods for the automated
calculation of key performance indicators for equipment (KPl and KIO) during real-time monitoring.
The economic and organizational feasibility of digitizing the dispatch management of the mining
and transportation complex is demonstrated.

Keywords: operational management, digitalization, dispatching, mining industry, 1C:ERP, multi-
loop accounting, KIO, KTG, Almaly deposit.
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POST-CONFLICT TOURISM DEVELOPMENT
IN INCLUSIVE TERMS: SMART CITY MODELS
AND CLUSTERING OPPORTUNITIES IN
KARABAKH

Namiqg Nigar Namiq
Junior researcher of the "Scientific Center for the Reconstruction of Post-conflict
Territories" of the Institute of Economics of the Ministry of Science and Education

Summary: The article analyzes the opportunities for inclusive tourism development in post-conflict
areas, focusing on the Karabakh and East Zangezur economic regions. The region’s cultural-
historical, natural, and economic potential creates favorable conditions for the development of
tourismin various directions. The study examines the application of cluster approaches and “smart
city” models, as well as the integration of digital governance mechanisms into the tourism sector,
as key development directions. At the same time, international experience and state-led
reconstruction policies are assessed as important factors in realizing the region’s tourism
potential.

Keywords: post-conflict areas, tourism potential, cluster approach, digital governance

Azerbaijan’s rich natural resources, climatic diversity, ancient historical and cultural heritage
shape the country’s tourism potential. In particular, the development of tourism in the liberated
territories contributes to the economic and social recovery of the country. The inclusive
development of the tourism sector in these areas is of strategic importance for expanding regional
economic activities and improving the welfare of the local population.

Each of the Karabakh and East Zangezur economic regions is characterized by its own
specialized tourism areas. For example, Shusha city is distinguished by its rich historical and
cultural heritage and architectural monuments, making it suitable for cultural-historical tourism.
Aghdam and Fuzuli districts, based on their horticulture and agricultural potential, are suitable for
agritourism, while Kalbajar and Lachin, with their rich natural resources, mineral waters, and
mountainous terrain, offer significant opportunities for ecotourism, mountain tourism, and health
tourism [4].

In addition, the “Istisu” mineral spring in Kalbajar and the “Istisu” mineral water plant
constructed there can serve as a strong example of transforming this area into a globally
recognized health tourism center [1].

In January—September 2025, exports from the “Istisu” mineral water plant amounted to 780.4
thousand USD, which is higher than the 586.4 thousand USD recorded in the same period of the
previous year [6]. In recent years, within the framework of cultural heritage restoration in Shusha,
the mausoleum of Molla Panah Vagif, the house-museum of Bulbul, and the monument of Uzeyir
Hajibeyli have been restored, and the Natavan spring has been renovated. In addition, several
hotels have been constructed in Shusha and Khankendi, and the “Zangilan Congress Center” and
“Aghdam Congress Center” have been modernized and opened for tourist use [3]. Alongside
reconstruction efforts, modern transport infrastructure has been established in the region,
including the commissioning of Fuzuli, Zangilan, and Lachin International Airports. These
infrastructure projects further strengthen the tourism and economic potential of the region and

significantly influence the formation of tourist flows.
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Despite the high tourism potential of post-conflict areas, developing these resources not in
isolation but through interconnection and cooperation can yield more effective results. In this
regard, organizing tourism activities based on a cluster approach is of particular importance.

The organization of cultural-historical tourism in post-conflict areas as a unified system can
provide tourists with integrated tourism packages, including transportation, professional guiding
services, pre-planned excursion routes, visits to historical and cultural monuments, and catering
services offering national cuisine. Within this framework, digital transformation of urban
governance may include the digitalization of guiding services through mobile applications and
audio-guide systems, route planning via Geographic Information Systems (GIS) and GPS
technologies, electronic entry systems at historical monuments, and the integration of reservation
and service systems into a unified digital platform for tourists. For comparative analysis of such an
integrated and digital-based tourism governance model, the post-conflict cultural tourism
management system of Dubrovnik city may be considered. The protection of UNESCO heritage,
management of tourist flows, and application of “smart tourism” approaches in the city
demonstrate the effectiveness of cluster-based and innovative governance mechanisms [7]. The
implementation of smart city technologies in post-conflict territories creates favorable conditions
not only for improving urban governance but also for increasing the competitiveness of tourism
destinations. The integration of artificial intelligence, big data analytics, smart mobility systems,
and digital information platforms into tourism services can improve visitor experiences, optimize
resource management, and support sustainable tourism development. In this regard, the
reconstruction process in Karabakh provides opportunities to establish modern tourism
destinations based on innovative governance principles.

In the agritourism direction, the cluster model may include learning traditional agricultural
practices, familiarization with agricultural technologies and ecological farming methods,
accommodation in rural houses (guesthouses and camps), and the sale of local products. In this
context, the experiences of Israel and Italy can be utilized [5].

Furthermore, the cluster approach contributes to strengthening cooperation among tourism
enterprises, local communities, agricultural producers, transport providers, and public
institutions. Such cooperation enables the creation of integrated tourism products, increases the
economic benefits generated within the region, and supports inclusive development. Therefore,
the formation of tourism clusters in Karabakh may serve as an effective mechanism for enhancing
regional competitiveness and ensuring long-term sustainable growth.

At the same time, tourism development in post-conflict areas is accompanied by certain
challenges. The incomplete demining of territories, environmental issues, and underdeveloped
infrastructure may affect the pace of tourism development. Nevertheless, large-scale
reconstruction and restoration measures implemented under the “Great Return” State Program,
coordinated governance mechanisms through Presidential Special Representatives, and financial
support provided by the Karabakh Revival Fund contribute to the sustainable development of the
region. Furthermore, the commissioning of Fuzuli, Zangilan, and Lachin international airports, the
construction of new road and railway lines, the restoration of settlements, and the development
of social infrastructure accelerate economic activity and resettlement processes in the region. This
comprehensive approach enables the gradual elimination of existing challenges such as mine
threats, environmental issues, and incomplete infrastructure restoration, while ensuring inclusive
and sustainable development based on the “smart city” approach [2].

In conclusion, the inclusive and innovative development of tourism in the Karabakh region is
one of the key directions of Azerbaijan’s long-term economic strategy. The application of cluster
approaches and smart city models facilitates the realization of the region’s tourism potential and
strengthens its position in the international tourism market. This, in turn, contributes to increased
foreign currency inflows, expanded employment opportunities, and improved social welfare.
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XULASO

Muasir dévrda iqgtisadi informasiya sistemlari (iiS) muassisalarin maliyys, ucot va strateji
gararlarinin idara olunmasinda markazi rol oynayir. Regemsal ekosistemlarin genislanmasi bu
sistemlari mirakkab kibertahdidlarin hadsfina cevirmisdir. Bu magalada [iS-lards malumat
tahllikasizliyinin  tamin olunmasi Gclin ham texniki, ham da igtisadi-metodiki idarsetma
yanasmalari tadqig edilmisdir. Toedgigat ¢arcivasinda CIA (Maxfilik, Butovlik, 9lcatanliq) triadasi,
risklarin idara edilmasi (ISRM) metodologiyalari, kibertahlikasizlik igtisadiyyati ¢arcivasinda
faaliyyat gostaran motivasiya modellari va Sifir Glivan (Zero Trust) arxitekturasi analiz olunmusdur.
Acar sézlar: Igtisadi informasiya sistemlari, malumat tahliikasizliyi, risk menecmenti,
kibertahliikasizlik iqtisadiyyati, Zero Trust.

RESEARCH OF METHODOLOGICAL APPROACHES FOR ENSURING INFORMATION SECURITY IN
ECONOMIC INFORMATION SYSTEMS

Rzazada Sahib Samir
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ABSTRACT

In the modern era, economic information systems (EIS) play a central role in managing enterprises’
financial, accounting, and strategic decision-making processes. The expansion of digital
ecosystems has turned these systems into targets of complex cyber threats. This article investigates
both technical and economic-methodological management approaches for ensuring information
security in EIS. Within the scope of the research, the CIA (Confidentiality, Integrity, Availability)
triad, risk management (ISRM) methodologies, motivation models operating within the framework
of cybersecurity economics, and the Zero Trust architecture were analyzed.

Keywords: Economic information systems, information security, risk management, cybersecurity
economics, Zero Trust.

Girisg

igtisadi informasiya sistemlari (iiS) miassisalarin maliyys axinlarini, resurs planlasdiriimasini (ERP),
mistari muUnasibatlarini va strateji biznes aktivlerini idare edan kompleks strukturlardir.
Ragamsallasma dalgasi vae bulud texnologiyalarinin bizness integrasiyasi igtisadi proseslarin
samaraliliyini artirsa da, eyni zamanda kritik malumatlarin kiberhlcumlara garsi hassasligini
artirmisdir. TasadUfi deyil ki, mUasir tahdid hesabatlarinda identifikasiya ve autentifikasiya asasli
hicumlarin Gmumi insidentlarin tagriban 30%-ni taskil etdiyi geyd olunur [2].

Todgigatlar gostarir ki, informasiya tahlUkasizliyinin idars edilmasina yodnalmis metodiki
yanasmalarin tatbigi yalniz tahlikasizlik saviyyasinin yiksalmasina deyil, ham da taskilatlarin
maliyya gdstaricilarinin va amaliyyat samaraliliyinin yaxsilasmasina musbat tasir gostarir [6]. Buna
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gbra da igtisadi informasiya sistemlarinda malumat tahlikasizliyinin tamin olunmasi lgln istifada
edilan metodiki yanasmalarin oyranilmasi va mugayisali tahlili ham nazari, ham da praktiki
baximdan aktual elmi problem kimi gixis edir.

informasiya Tahlikasizliyi igtisadiyyat

igtisadi informasiya sistemlarinds malumatlarin tahliikasizliyini goruyarksn garsiya ¢ixan an boyik
metodoloji problemlardan biri, sistemdan istifade edan insanlarin fargli igtisadi maraglara va
motivasiyalara sahib olmasidir. Kibertahlikasizlik igtisadiyyati baximindan yanasdigda goririk ki,
sirkat rahbarliyi, IT mitaxassislari va siravi iscilar kiber-risklari eyni ciir gabul etmirlar va bu farglilik
sistem daxilinda ciddi tahlikasizlik bosluglari yaradir. Eyni zamanda, rahbarlik sistemin real olaraq
na gadar gorundugunu tam bilmadiyi UGcln (informasiya asimmetriyasi) dlzgln gararlar versa
bilmir. Bu sababdan sirkatlar ham daxili tahlikasizlik blidcalarini dlizglin optimallasdirmali, ham da
digar muassisalarla kiber tahdidlar barada malumatlari garsiligh sakilda bolismsalidirlar, clinki bu
addim ham xarclari azaldir, ham da Umumi midafiani gliclandirir.

Muasir ragamsal biznes muhitinda sirkatlarin, banklarin va digar maliyya qurumlarinin sistemlari
internet Gzarindan bir-birina six baglidir va bu baglilhg boytk bir ortaq risk zenciri yaradir. Bels bir
muhitda bir sirkatin yalniz 6z daxilinda glcli texniki midafis qurmasi bas elamir, clinki alagada
oldugu tarafdas firmalarin va ya mal tadartkcUlarinin sisteminda olan kicik bir boslug zancirvari
reaksiya ila hamin sirkatin da igtisadi sisteminin vurulmasina sabab ola bilar. Bu vaziyyat biza slibut
edir ki, malumat tahlikasizliyine sadaca lokal bir problem kimi baxmag olmaz; makro-igtisadi
saviyyada gaydalar goyulmali va tadarik zancirindaki bitln tarafdaslarin tahlikasizliyi sistemli
sakilda yoxlaniimalidir [4].

Malumat Tahlikasizliyinin 9sas Konseptual Cargivasi: CIA Triadl

igtisadi informasiya sistemlarinds malumat tahliikasizliyinin tamin edilmasi ticiin an genis gabul
gormUs konseptual model CIA triadidir. Bu model U¢ fundamental prinsipin — maxfiliyin
(confidentiality), butovliyun (integrity) va alcatanlig (availability) — kombinasiyasindan ibaratdir.
Hazirda kibertahlUkasizlik siyasatlarinin hazirlanmasinda asas istinad ndgtasi kimi gabul edilan bu
¢arciva, NIST SP 1800-26 sanadinda rasmi olarag miayyan edilmisdir [1].

Maxfilik (Confidentiality) — Malumatin yalniz salahiyyatli sexslar tarafindan alda edils bilmasini
nazarda tutur. igtisadi informasiya sistemlari kontekstinda bu prinsip xisusi shamiyyat kasb edir,
bela ki, maliyya malumatlari, mistari bazalari va kommersiya sirlari icazasiz girisden mihafiza
edilmalidir. Maxfiliyin tamin edilmasi Ucln sifralema mexanizmlari, coxpillali autentifikasiya ve an
az imtiyaz prinsipi asasinda giris nazarati tatbiq edilir.

Butovluk (Integrity) — Malumatin dagigliyinin, tamhginin va etibarliliginin gorunmasini shata edir.
Bu prinsipa asasan, malumat ham 6tlrilma prosesinda, ham da saxlanilma marhalasinda icazasiz
dayisikliklarden mihafiza edilmalidir. igtisadi sistemlards butévliyin pozulmasi — masalan,
maliyya hesabatlarinda ve ya amsaliyyat geydlarinde malumatlarin saxtalasdiriimasi — birbasa
maddi itkilara va hiiqugi naticalara gatirib cixara bilar. Hash funksiyalari, regamsal imzalar va
versiya nazarati sistemlari bu prinsipin tamin edilmasinin asas vasitalarindandir.

dlcatanlig (Availability) — Salahiyyatli istifadacilarin malumata va sistemlars lazim oldugu anda
fasilasiz ¢ixis alda eds bilmasini tamin edir. Bu prinsip, avvalki bdélmada arasdirilan biznesin
fasilasizliyi konsepsiyasi ila birbasa alagalidir: sistem nasazliglari va ya kiberhlcumlar naticasindaki
fasilalar igtisadi faaliyyatin dayandiriimasina, mistari itkisina ve niifuz zadalanmasina sabab olur.
Ehtiyat sistemlar, falakatin barpasi planlamasi va DDoS hlcumlarina garsi mudafia mexanizmlari
alcatanligin gorunmasi Uclin mihim tadbirlardir.

CIA triadinin Uc elementi bir-biri il six baghdir, eyni zamanda aralarinda muayyan garginlik
movcuddur. Bela ki, maxfiliyi artirmag magsadila tatbig edilon ciddi giris mahdudiyystlari
alcatanliga mane ola bilar; digar tarafdan isa alcatanligin maksimumlasdiriimasi maxfilik risklarini
artira bilar. Bu baximdan, igtisadi informasiya sistemlarinin dizayninda (¢ prinsip arasinda optimal
tarazligin qurulmasi strateji shamiyyat dasiyir. CIA triadi hamcinin ISO/IEC 27001 beynalxalg
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standarti ile tam uygunlug taskil edir, bu da onun muasir igtisadi taskilatlar Gg¢lin praktiki tatbiqg
dayarini bir daha tasdiglayir.

Metodiki Yanasmalarin Miqayisali Tahlili: ISO/IEC 27001 va NIST CSF

igtisadi informasiya sistemlarinin gorunmasinda an genis yayilmis iki metodiki carciva ISO/IEC
27001 beynalxalg standarti va ABS Milli Standartlar va Texnologiyalar institutu tsrafindsn
hazirlanmis NIST Kibertahltkasizlik Cargivasidir (Cybersecurity Framework — CSF). Har iki yanasma
CIA triadinin prinsiplarini amaliyyat saviyyasinda reallasdirmaga xidmat etsa da, onlarin struktur
mantigi, tatbiqg sahasi va igtisadi konteksta uygunlugu baximindan asaslh farglar mévcuddur.
ISO/IEC 27001 — sertifikatlasdirma asasli, sistem yonumli yanasma

ISO/IEC 27001 informasiya Tohliikasizliyinin idarsetms Sistemi (iTiS) Uciin beynalxalg
sertifikatlasdirma standartidir. Bu standart taskilatdan bUtln informasiya aktivlerini ahata edan
rasmi bir idarsetma sistemi qurmasini taleb edir: risk giymatlendirilmasi aparilmali, nazarat
tadbirlari (controls) sanadlasdiriimali, daxili auditlar kecirilmali va mustaqil qurumlar tarafindan
sertifikatlasdiriimalidir. Standartin Annex A hissasi 93 nazarat tadbirini ahata edir — giris
idarsetmasindan tutmus fiziki tahlikasizliys, insident idarsetmasindan tachizat zanciri risklarina
gadar [3].

igtisadi informasiya sistemlari kontekstinda ISO/IEC 27001-in asas Ustlinliyl onun beynalxalq
taninirligr ve migavila minasibatlarindaki dayaridir: bank, sigorta ve maliyya sektoru tarafdaslari
cox vaxt sertifikata malik olmani amakdasliq sarti kimi irali strirlar. Bundan alave, standart
uygunlugun stbut edilmasini talab etdiyindan sanadlasma madaniyyatini sistemli sakilda
formalasdirir. Digar tarafdan, ISO/IEC 27001-in tam tatbigi resurs talabkardir: kicik ve orta
muassisalar Ugln sertifikatlasdirma prosesi ham maliyys, ham da vaxt baximindan ciddi yik ola
bilar.

NIST CSF — geviklik asasl, risk yénlimli yanasma

NIST CSF 2014-cU ilds ABS-da kritik infrastrukturlarin gorunmasi Gg¢ln hazirlanmis, 2024-ci ilda isa
2.0 versiyasi ila yenilanmis ¢arcivadir [5]. Standartdan fargli olarag, CSF macburi sertifikat talab
etmir — o, bes asas funksiya strafinda qurulmus cevik bir yol xaritasidir: misyyanlasdirma
(Identify), goruma (Protect), askarlama (Detect), cavab verma (Respond) va barpa (Recover). 2.0
versiyasinda bu funksiyalara idarsetma (Govern) da alava edilmisdir [5].

NIST CSF-in igtisadi informasiya sistemlari UGc¢ln asas Ustlnliyld onun olglls bilan yetkinlik
saviyyalari (tiers) vasitasile mlassisanin cari vaziyyatini giymatlandirmasina ve hadaf vaziyyasts
dogru prioritetlasdirilmis yol xaritasi qurmasina imkan vermasidir [5]. Bu xUsusiyyat onun risk
menecmenti yanasmasi ila birbasa alagalidir: misassisa hansi sahaya daha cox investisiya etmali
oldugunu avvalcs dlglr, sonra garar verir. Bununla bels, CSF-in standart olmayan cevik strukturu
bazi hallarda tatbigin ardicilligini ve naticanin dlctlmasini ¢atinlasdirir.

iki yanasmanin migayisali dayarlandirmasi

Har iki carcive 6z-6zlUylinds tam bir metodika taskil etsa da, onlarin glcli va zaif taraflarinin
mugayisali tahlili gdstarir ki, bu yanasmalar bir-birini tamamlama potensialina malikdir: NIST CSF
strateji yol xaritasi va risk prioritetlasdirmasi baximindan, ISO/IEC 27001 isa idaraetma sisteminin
rasmilasdiriimasi va xarici taraflers siibut edilmasi baximindan Ustiinlik taskil edir. igtisadi
informasiya sistemlarinin xUsusiyyatlarini nazars aldigda — maliyya malumatlarinin hassaslig,
tarafdaslarla integrasiya, tanzimlayici talablar — bu kombinasiya an ahatali midafiani tamin eda
bilar. Bela ki, NIST CSF-in askarlama va cavab verma funksiyalari ila ISO/IEC 27001-in insident
idarsetma nazaratlarinin integrasiyasi nazari baximdan ham sertifikat talablarini, ham da operativ
cavab verma gabiliyyatini eyni vaxtda tamin etmaya imkan vera bilar.

Risk Menecmenti va Biznesin Fasilasizliyi

Sirkatlarin 6z biznes va maliyys islarinds miasir informasiya sistemlarindan istifads etmasi kdhna
kagiz islarindaki risklari va vaxt itkisini azaltsa da, regamsallasma 06zl il barabar tamamils yeni,
mirakkab va insan sahvlarina bagli olan risklar gatirir. Bu yeni nasil risklari dizgiin idara etmak
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G¢ln sirkat daxilinda aydin va tatbigi mimkin olan bir risk siyasati olmalidir. Tahlikalari vaxtinda
muayyan etmak va daxili nazarat sistemlari qurmag mihimdur, lakin bundan daha vacibi har hansi
bir kiberhlcum va ya sistem ¢cokmasi bas verdiyi an Ucln 'Biznesin Fasilasizliyi Plani'nin mévcud
olmasidir, ctinki bu plan sirkatin maliyya iflasina ugramadan faaliyyatini slratle barpa etmasini
tamin edir.

informasiya sistemlarinin auditi zamani askar olunan risklars garsi neca reaksiya verilacayi ils bagli
sirkatlar 6z maliyya imkanlarina uygun strateji addimlar se¢malidirlar. Bu metodologiyaya gora
sirkatlarin garsisinda g asas yol var: agar riskin vura bilacayi maliyya zarari cox kicikdirsa, bu riski
sadaca gabul etmak olar; zarar boytkdirsa, texniki alatlari gliclandirib riskin tasirini minimuma
endirmak va ya kiber-sigorta vasitasile bu riski basga bir sirkata 6tlirmak olar; son variant isa
tahllika yaradan hamin riskli biznes prosesini GUmumiyyatla dayandirib sistemdan silmakdir [7].
Natica

igtisadi informasiya sistemlarinin getdikca daha mirakksb bir regemsal mihitda faaliyyat
gostardiyi bu dovrds malumat tahlikasizliyi artig yalniz texniki bir masala deyil, eyni zamanda
strateji bir idarsetma problemidir. Bu sahada ugurlu naticae alde etmak Ucln texnoloji hallari,
igtisadi distincani va idarsetma mexanizmlarini bir-biri ila alagali sakilda nazara almagq lazimdir.
CIA triadinin praktikada tatbigi hec da sada deyil: maxfilik, butovlik va slgatanlig arasinda daim
garginlik movcuddur va har bir taskilat 6z faaliyyat xlsusiyyatlarina uygun optimal balansi
tapmalidir. Bu balansin qurulmasinda isa metodiki ¢arcivalarin secimi halledici rol oynayir. Tahlil
gostarir ki, ISO/IEC 27001 va NIST CSF bir-birini avez edan deyil, bir-birini tamamlayan
yanasmalardir: birincisi idarsetma sisteminin rasmilasdirilmasi va beynalxalg taninirlig Ggin,
ikincisi isa risk prioritetlasdirmasi va operativ cavab verma gabiliyyatinin gliclandirilmasi Gclin daha
uygundur. igtisadi informasiya sistemlarinin xUsusiyyatlorini — maliyya malumatlarinin
hassasligini, tanzimlayici talablari va tarafdas integrasiyasini — nazara aldigda, bu iki ¢argivanin
kombinasiyasi an ahatali midafiani tamin edir.

KibertahlUkasizlik igtisadiyyatt baximindan isa mdiassisadaxili maraglarda uygunsuzlug va
informasiya asimmetriyasi ciddi bosluglar yaradir. Bir muassisanin zaifliyi bitév bir tadarik
zancirina vayila bilacayindan, bu masalaya fardi yox, sistemli yanasmag zaruridir. Riskin gabul
edilmasi, azaldilmasi, 6tlrilmasi ve ya aradan galdirilmasi kimi fargli idarsetma yollarindan
hansinin secilacayi isa birbasa muassisanin maliyya imkanlarindan va risk toleranthgindan asihdir.
Biznesin Fasilasizliyi Planinin movcudlugu bu kontekstda zaruri sarta cevrilir.

Umumilikds, igtisadi informasiya sistemlarinin etibarli gorunmasi giiclii texniki infrastrukturla
bitmir; iscilarin maariflandirilib dizgin davranisa yonaldilmasi, normativ ¢argivalara uygunluq va
siyasatlarin mitamadi yenilanmasi da eyni daracada vacibdir. Bu yanasma kompleks sakilda hayata
kecirildikda, informasiya tehlikasizliyi mlassisanin maliyysa sabitliyini va ragabat gabiliyyatini
goruyan asas sttunlardan birina gevrilir.

103




Proceedings of the 13th International Scientific Conference

istifade olunmus adabiyyat

1.

104

Ekstrom M., Lusty L., Sexton J., Sweetnam J., & Townsend A. (2020). Data integrity:
Detecting and responding to ransomware and other destructive events (NIST SP 1800-26).
National Cybersecurity Center of Excellence.
https://www.nccoe.nist.gov/publication/1800-26/VolA/index.html

IBM. (2025). What is data security? https://www.ibm.com/think/topics/data-security
ISO/IEC 27001:2022. (2022). Information security, cybersecurity and privacy protection —
Information security management systems — Requirements. International Organization for
Standardization.

Kianpour M., Kowalski S. J., @verby H. (2021). Systematically Understanding Cybersecurity
Economics: A Survey. Sustainability, 13(24), 13677.

National Institute of Standards and Technology. (2024). The NIST Cybersecurity Framework
2.0 (NIST CSWP 29). https://doi.org/10.6028/NIST.CSWP.29

Podrecca M., Culot G., Nassimbeni G., Sartor M. (2022). Information security and value
creation: The performance implications of ISO/IEC 27001. Computers in Industry, 142,
103744.

Taherdoost H. (2021). A Review on Risk Management in Information Systems: Risk Policy,
Control and Fraud Detection. Electronics, 10(24), 3065.



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands

TPAHCOOPMAULKMA MAPKETUHIA B
LINDPOBOW SKOHOMMWKE

HymuHa I'.E.

Hay4Hble coTpyaHukm TOO «SciCom», ActaHa, KasaxcTaH
Kemanosa A.C.

Hay4Hble coTpyaHmkm TOO «SciCom», AcTaHa, KasaxcTaH
HypbimbeTos E.LL.

Hay4Hble coTpyaHmkm TOO «SciCom», AcTaHa, KasaxcTaH

B ycnoBuMAx YCKOPEHHOro pa3BUTUA LMOPOBbLIX TEXHONOTMN MAPKETUHI MnpeTeprneBaeT
CYWeCTBEHHble TPAaHCHOPMAUMOHHbIE M3MEHEHMA, 3aTparMBatoLLiMe KaK ero KOHUenTya/bHble
OCHOBbI, TaK M NPAKTUYECKME MexaHM3Mbl B3aMMOAENCTBUA ¢ noTpebutenamun. Lndposmsaums
9KOHOMMKM, pPacnpocTpaHeHne UHOOPMALMOHHO-KOMMYHWUKALUMOHHBIX —TEXHOMOTMMI,  pPOCT
WHTEPHEeT-ayAUTOPUM U PA3BUTUE UCKYCCTBEHHOTO WMHTEANEeKTa cnocobcTByOT GOPMMUPOBAHMIO
HOBbIX MoJenen noTpebuUTenbCKOro MnoBeAeHWA, 4YTO TpebyeT nepecmMoTpa TPaAAMLMOHHbLIX
MapKeTUHIOBbIX NOAXOA0B.

CoBpeMEHHbI MapKeTUHT NpeacTaBnAeT cobol He TONbKO MHCTPYMEHT MPOABUMKEHUSA
TOBAapOB M YCAYr, HO W KOMMIEKCHYD CUCTEMY YMPaBNEHWA B3aMMOOTHOWEHUAMM C
noTpebuTeNnammn, OCHOBAHHYIHD Ha aHanM3e [AaHHblX, NPOrHO3MPOBAHUM MNOTPEOUTENBCKUX
npeanoyYTeEHNA U CO34aHMM NEPCOHANN3NMPOBAHHOIO KAMEHTCKOro onbita [1]. B cBA3KM ¢ 3TMm
0COby0 aKTyanbHOCTb npuobpeTaeT UCCNef0BaHWE 3BOMOUMM MAPKETMHIA KaK Hay4yHON U
NpPaKTMYeckon 061acTh AEATENbHOCTU, @ TaKXKe BbIABAEHNE KAOUYEBbLIX PAaKTOPOB, 0OYCA0BUBLLNX
nepexoz OT TPAAMUMOHHbBIX METOAO0B NPOABMMKEHUSA K LUGPOBLIM MAPKETUHTOBbIM TEXHOOTUAM.

M3yyeHre npoueccos TpaHcOOpMaUMM MAPKETUHIA MO3BOMAET ONPeAe/UTb OCHOBHbIE
TEHAEHUMN pPa3BUTMA PbIHKA, OLEHWUTb BAWAHWE UMPPOBBLIX TEXHONOTMM Ha AEATENbHOCTb
opraHuzaumin n chopmMmMpPoBaTbL NPeACTaBAeHME O MepcnekTUBax [AafibHENLero pa3BUTUs
MapPKETUHIOBbIX KOHLUEMNLMM B YCOBUAX LLUPPOBOMN IKOHOMUKM.

Pa3BWTME MAPKETUHra TECHO CBA3AHO C M3MEHEHMAMM SKOHOMMUYECKOW Cpefibl, YPOBHEM
TEXHO/MIOMMYECKOro nporpecca M TpaHchopmaumeln notpebuTtenbckux notpebHocten [2,3]. Ha
PA3/IMYHbIX 3Tanax Pa3BUTUA IKOHOMUKM MAPKETUHIOBAA AEATENbHOCTb BbIMOMHANA Pa3/NYHblEe
GYHKLUMK, MOCTENEHHO NEPEXOAA OT OPMEHTALMM Ha NPOM3BOACTBO K OPUEHTALMM Ha NOTpebuTens
W cO3aHMe A0NTOCPOYHON LLEHHOCTM.
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Tabnunua 1 — 3Tanbl 3BOAOLMU MAPKETUHIOBbIX KOHUenumi: Marketing 1.0-5.0

KoHuenuusa MNepuog, KntoueBor o6bekT OcHoBHasA uesnb
pPa3BUTMA BHUMaHKA
Marketing o 1960-x Mpoaykt MaccoBoe npon3BOACTBO n
1.0 rogos peanmsauma NpoayKUmMm
Marketing 1960-1990 rr. MNoTpebutens YnosneTtsopeHue noTtpebHocTen u
2.0 npeanoYTeEHNI LieNeBbIX CETMEHTOB
Marketing 2000-2010 rr. LeHHocTH PopmmnposaHmne 3MOLMOHANbHOM
3.0 notpebutens NpMBA3aHHOCTM U 0bLLEeCTBEHHOM
3HaYMMOCTM BpeHaa
Marketing 2010-2020 rr. Lundposoe NuTerpauma oHAaH U odnanH
4.0 B3aMMOAENCTBME | KOMMYHUKALUMIA, co3faHue
6ecloBHOro KAMEHTCKOrO OMbITa
Marketing C 2020 ropgos Yenosek u Co3gaHMe  MNepcoHan3MpPOBAHHOIO
5.0 TEXHON0TNM KJMEHTCKOrO OMNblTa NOCPEeACTBOM
NHTENNEKTYa /IbHbIX TEXHONOT N

Ha HavyanbHOM 3Tane WMHAYCTPWMANbHOIO Pa3BUTUSA OCHOBHOE BHMMAHWE OpraHM3aumin
ObINO COCPEAOTOYEHO HA pPaACWMPEHUM MPOM3BOACTBEHHBIX MOLLHOCTEM W MOBbIWEHUM
3bPEKTMBHOCTM NPOM3BOACTBEHHbBIX MNPOLECCOB. B  yCcnoBMAX MpeBbllEHWA Cnpoca Hajg,
NpeanoXeHnem Kato4eBbIM  GAKTOPOM  KOHKYPEHTOCMOCOOHOCTM  BbICTyNana CnocobHOCTb
npeanpuAtTMa obecneynTb MaCCOBbIM BbIMYCK MNPOAYKUMM MPU MUHUMANbHbBIX W3A4EPMKKAX.
MapKeTUHIroBaa [AeATeNbHOCTb B 3TOT MEepMoz OrpaHM4MBanacb BOMPOCAMM pacnpeneneHuns
NpoAyKUMM N GOPMMPOBAHUA AOCTYNMHON LLIEHOBOW NOAUTUKMN.

Mocneayouwiee HacbllleHWE  PbIHKOB  MPWMBENO K YCUIEHMIO  KOHKYPEHUMM U
HeobxoammocTu 6onee rnyboKoro mMaydeHma noTpebuTenbckoro cnpoca. B LeHTpe BHUMMaHMA
KOMNAHWMN OKa3aMCb MHCTPYMEHTbI CTUMY/MPOBAHMA NPOAAXK, PEKAAMHblE KOMMYHUKaLMK U
MeToabl GOPMMPOBaAHMA NOTPEOUTENBCKOM NOANBHOCTU. IMEHHO Ha AaHHOM 3Tane MapKeTUHT
HaYMHAET PacCMaTPMBATLCA KaK CaMOCTOATENbHAA ynpaBaeH4Yeckana QyHKUMA, obecneymBatoLian
3hPeKTBHOE B3aMMOAENCTBME MEXAY MPOU3BOANTENEM U PbIHKOM.

Bo BTOpor nonosuHe XX BeKa MPOMCXOAMT Nepexos K KOHLEeNuMM MapKeTMHrOBOM
OpMeHTaLMK, B pPaMKax KOTOPOM NPMOPUTETHOE 3HayeHue npuobpeTatdT NOTPebHOCTU
notpebuteneit. KOMNaHMM HaYMHAIOT aKTMBHO WMCMO/Ib30BATb MAPKETUMHIOBbIE UCCAeL0BaHMA,
CerMeHTaUMIo pPblHKA WM WMHCTPYMEHTbl MO3UUMOHMPOBAHMA, 4TO no3BonseT GoOpMMpOBaTb
KOHKYPEHTHble MpeuMMylLecTBa Ha OCHOBe 60see TOYHOro MOHMMAHWMA 3anpPOCOB LLeNeBOM
ayanTopum.

PazBuTME MHPOPMALMOHHBIX TEXHONOMMI U TN0HaAM3aUMA SKOHOMMUYECKMX MPOLLECCOB
0byCnoBMAM MNOABNEHWE HOBbIX MOAXOA0B K YNPaBAEHWIO MAPKETUHIOBOW [AeATeNbHOCTbIO.
KoHuenuma cTpaTerMyeckoro MapKeTUHra CMecTMNa aKLEeHT C KPaTKOCPOYHbIX MNPOAaXK Ha
dopmmnpoBaHMe YCTOMUYMBLIX B3aMMOOTHOLWEHWUA C NOTPeEbUTENAMU U CcO3aaHME AOATOCPOYHOM
LEeHHOCTM ONA BCeX YYaCTHMKOB pblHKA. B 3TOT nepuoa BO3pacTaeT 3HayeHue OpeHamHra,
ynpaBaeHUA KAMEHTCKMM OMbITOM M MOCTPOEHMA MAPKETUHIOBbIX SKOCUCTEM.

Hauano XX| Beka 03HaMeHOBa0Ch aKTUBHbLIM BHEAPEHUEM LIMPPOBbIX TEXHOOTUIA BO BCE
chepbl IKOHOMUYECKOM AeATeNbHOCTU. [loAaBNeHMe coUMalibHbIX CeTEN, MOBU/IbHbLIX YCTPOMCTB,
061a4HbIX CEPBMCOB M AHAUTUYECKMX NAATHOPM CO34a/10 NMPUHLMMMANBHO HOBbIE BOSMOXKHOCTM
ON5 B3aMMOAencTema ¢ notpebutensmu. B pesynbtate chopmMmnpoBanach KOHUeNUUS LMPPOBOTo
MapKeTWMHra, npeanonaralollad  MCNONb3OBaHME  OHMAWH-KAaHA/NOB  KOMMYHMKauumM  OnA
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NPOABUKEHWA TOBAPOB N yCayr, cbopa AaHHbIX O MOBEAEHUN KANEHTOB U OLEHKM 3PGEKTUBHOCTH
MapKETUHIOBbIX MEPOMPUATUI B PEKMME PEaIbHOTO BPEMEHM.

OcobeHHOCTbIO LMGPOBOTro MapKeTMHra ABNAAETCA BO3IMOXHOCTb NepCOHaNM3MPOBAHHOTO
B3aMMOAENCTBMA C NOTPebuTensmm Ha OcHOBe aHanM3a 60/blMX MACCMBOB AaHHbIX [5].
CoBpeMeHHble  KOomnaHunm  cnocobHbl  GOopmMpoBaTb  MHAMBWUAYA/IbHbIE  MPEANONKEHMUA,
NPOrHO3MpoBaTb  MNOTPebUTeNnbCcKME  NPeAnoyYTeHMA M aZ4anTMpPOBaTb  MAPKETUHIOBble
KOMMYHWKaUMM B 3aBUCMMOCTM OT OCODEHHOCTEN KOHKPETHOrO KAMEHTA. ITO CyWEeCTBEHHO
nosbillaeT  3PPEKTUBHOCTb  MAPKETUHIOBOM  AEATeNbHOCTM W cnocobcTByeT  pocTy
YyOOBNETBOPEHHOCTUN NoTpebutenen.

B nocnegHue roabl B Hay4HOMW nnTepaType akTUMBHO pa3suMBaeTca KoHuenuma Marketing
5.0, npeanoxeHHas @. Kotnepom [6]. [laHHas KoHUenuma npeanonaraeT MHTErpaLUmto TEXHONOT U
MCKYCCTBEHHOrO MHTENNEeKTa, MalWWHHOro obyveHuda, VIHTepHeTa Bewen W NpPearKTUBHOM
aHaAIMTMKM B MPOLECCHI YNPaBieHNA MAaPKETUHIOM. B oTanume oT npeaplaywmx 3Tanos passuTma
MapketuHra, Marketing 5.0 opueHTMpoBaH Ha WCNOAb30BaHME UMDPOBLIX TEXHOMOTMI ANA
peLeHnsa cCoumanbHbIX M IKOHOMUYECKMX 33a4 NPU COXPAHEHNMN YENOBEKOLLEHTPUYHOIO N0AX0A3
K B3aMMOZENCTBMIO C NOTPEBUTENAMMN.

Takum 06pa3om, 3BOMIOUMA MAPKETMHra npeactasndaeT coboi nocnenosaTesbHbIl
nepexos OT MNPOW3BOACTBEHHO-OPUEHTMPOBAHHbLIX MOAENel ynpaBaeHna K UMbPOBbIM
NNaTGOPMEHHBIM  3KOCUCTEMAM, OCHOBAHHbIM Ha [aHHbIX, TEXHONOIUAX WCKYCCTBEHHOrO
WHTENNeKTa n rnyboKomM NOHMMaHWMK noTpebHocTel noTpebuTenei. Ha NpoTAKEHWW CBOEro
MCTOPUYECKOTO Pa3BUTUA MAPKETUHI Mpowen MnyTb OT MHCTpyMeHTa obecneveHuns cOHbiTa
NPOAYKLMM A0 cTpaTernyeckon GyHKLMM yNpaBAeHNA B3aMMOOTHOWEHUAMM C NOTPEDBUTENAMM U
GOpPMMPOBAHMA YCTOMUMBBIX KOHKYPEHTHBIX MPEVUMYLLECTB OpraHM3aLmm.

Lindposan TpaHCHOPMALMA SKOHOMUKM CYLLLECTBEHHO M3MEHWAA METOAbI MAaPKETUHIOBOM
[eATeNbHOCTM, PAaCLUMPUB BO3MOXKHOCTM KOMMAHWUA B 061aCTM KOMMYHMKaLMI, aHaM3a AaHHbIX
W MNepcoHanMsaumm nNpeanoKeHnn. Mcnonb3oBaHne LMGPOBLIX TEXHONOTMA NO3BONAET
OopraHusauMam nony4atb MHGOPMaLMIO O MOBEAEHWW NOTpebuTenein B pexmnme peanbHOro
BPEMeHM, ONepaTMBHO aJanTMPOBaTb MAPKETMHIOBbIE CTPATerMm u nosbiwaTtb 3GGEKTUBHOCTb
NPUHUMAEMbIX YNPaBAEHYECKUX PeLUEeHNN.

B coBpemeHHbIX YyCcnoBMAX UMGPOBON MAPKETUMHI CTAaHOBUTCA He ajbTepHaTMBOM
TPAANUMOHHBIM MAaPKETUHIOBbIM MHCTPYMEHTAM, @ I0OTMYECKMM 3TaNOM MX Pa3BuTmA. MHTerpaums
TEXHONIOTUIA  UCKYCCTBEHHOTO MHTeNNeKkTa, 60nbWnX [AaHHbIX, MAWWHHOrO obyyeHns w
aBTOMATM3MPOBAHHbIX CUCTEM aHanm3a GOPMMPYeT OCHOBY ANA AafNbHEMWero pa3BMTUA
MapKEeTMHIa KaK HayKM 1 NPaKTUKK yNpaBaeHna NoTpebUTenbCKom LLeHHOCTbIO.

MepcnekTmBbl AaNbHENLEN 3BOMOLUMM MAPKETUHIA CBA3aHbl C Pa3BUTMEM KOHLENUMUM
Marketing 5.0, npegnonaratolein NCnob30BaHWNe MHTENNEKTYaNbHbIX TEXHONOTMIA A8 CO34aHMA
bonee 3dPEKTUBHbIX, NEPCOHANM3IUPOBAHHBIX M COLMANBHO OPUEHTUPOBAHHBIX MEXaHW3MOB
B3aMMOAENCTBMA MeXKAy OpraHm3aumamm n notpebutenamm. B 3Tmx ycnosmAax cnocobHoOCTb
KOMMNaHWMN afanTMpoBaTbCA K UMOPOBBIM M3MEHEHMAM CTAHOBUTCA OAHMM M3  KOYEBbIX
$aKToOPOB MX A0/ITOCPOYHOM KOHKYPEHTOCMOCOOHOCTH.
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ASSESSING THE EFFICIENCY OF TOURISM
AND RECREATION SPECIAL ECONOMIC
ZONES IN KAZAKHSTAN: A TYPE-ORIENTED
APPROACH

Akhtursunova Aigerim Orymbekovna
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Abstract. This article examines the effectiveness of tourism and recreational special
economic zones in Kazakhstan through a type-oriented assessment approach. The study argues
that conventional evaluation criteria, primarily based on investment volume, export performance
and fiscal returns, do not fully reflect the specific nature of tourism-oriented special economic
zones. Unlike industrial zones, tourism and recreational SEZs generate delayed, indirect and
spatially distributed effects related to employment creation, small and medium-sized business
development, urban infrastructure improvement, territorial capitalization and regional socio-
economic diversification. The empirical analysis focuses on the special economic zones “TURAN”,
“Turkistan” and “Alatau”, comparing their investment volume, number of residents and jobs
created. The findings show that although “Alatau” demonstrates a higher level of investment,
“TURAN” and “Turkistan” provide stronger employment intensity and greater involvement of
small and medium-sized enterprises. The results confirm the need to differentiate SEZ
performance assessment according to their functional type. For tourism and recreational SEZs,
priority should be given not only to capital investment indicators, but also to employment,
entrepreneurial activity, infrastructure development and long-term regional multiplier effects.
The proposed type-oriented approach may be used by public authorities and SEZ management
companies to improve monitoring, strategic planning and institutional support for tourism and
recreational zones in Kazakhstan.

Keywords: special economic zones; tourism and recreational zones; Kazakhstan; type-
oriented assessment; regional development; tourism infrastructure; employment; investment
efficiency; institutional approach.

Introduction

Amid the transformation of the economic structure of the Republic of Kazakhstan and the
shift of public policy priorities towards the diversification of regional development, the instrument
of special economic zones (SEZs) has acquired particular importance. Over the past two decades,
SEZs have been actively used as a mechanism for attracting investment, stimulating
entrepreneurial activity, and creating new points of economic growth. However, accumulated
international and national experience indicates that the performance of SEZs varies substantially
depending on their functional type, sectoral specialisation, and institutional configuration.

Tourism and recreation special economic zones occupy a specific place within Kazakhstan’s
SEZ system. These zones are aimed at developing the service sector, tourism infrastructure,
cultural heritage, and related industries. Unlike industrial and technology-oriented zones, tourism
and recreation SEZs mainly generate deferred socio-economic and spatial effects, which are not
always adequately captured by conventional approaches to efficiency assessment based on
investment volumes, exports, and fiscal returns.
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The application of universal assessment criteria leads to a systematic distortion of the results
of analysing tourism and recreation SEZs and creates an erroneous perception of their “low
efficiency” at the early stages of operation. This, in turn, affects managerial decisions, budget
priorities, and the institutional support provided to such zones. Therefore, there is a growing need
to develop and apply a type-oriented approach to assessing SEZ efficiency that takes into account
the specific features of tourism and recreation development.

The purpose of this study is to assess the efficiency of tourism and recreation special
economic zones in Kazakhstan using a type-oriented approach based on empirical data for the
TURAN, Turkistan, and Alatau SEZs. The study pursues the following objectives:

- to substantiate the theoretical and institutional features of tourism and recreation SEZs;

- to identify the limitations of universal criteria for efficiency assessment;

- to conduct a comparative empirical analysis of key performance indicators for the selected
SEZs;

- to propose a type-oriented efficiency assessment model adapted to the conditions of
Kazakhstan.

1. Theoretical and Institutional Foundations for Assessing Tourism and Recreation SEZs

From the perspective of institutional economic theory, special economic zones are regarded
as a form of selective regulation aimed at reducing transaction costs, increasing investment
attractiveness, and accelerating structural transformations in selected sectors of the economy.
According to the World Bank, SEZs are geographically delimited areas with a special legal and
economic regime that differs from nationwide regulation.

The classical model for assessing SEZ efficiency is predominantly based on quantitative
indicators such as the volume of attracted investment, export revenues, the number of residents,
and tax receipts. This approach is justified for industrial zones oriented towards goods production
and integration into global value chains. However, its application to tourism and recreation SEZs
does not take into account the specific nature of the service economy or the multi-level character
of the effects generated.

Tourism and recreation SEZs operate according to a different institutional logic. Their
economic impact is formed not only through the direct investment activity of residents but also
through multiplier effects on the labour market, the development of small and medium-sized
enterprises, improvements in the quality of the urban environment, and the capitalisation of
territories. An important role is also played by intangible components - cultural heritage, territorial
image, and tourism attractiveness - which are difficult to measure directly in the short term.

The institutional environment of tourism and recreation SEZs is characterised by a high
degree of cross-sectoral interaction: economic outcomes depend on coordination among public
administration bodies, zone operators, local communities, and private businesses. Under
conditions of weak institutional coherence and the absence of specialised assessment criteria,
tourism SEZs are placed at an inherent disadvantage compared with industrial zones.

Thus, from a theoretical standpoint, assessing the efficiency of tourism and recreation SEZs
requires an expanded approach that includes institutional, social, and spatial parameters
alongside traditional economic indicators.

2. Empirical Analysis of Tourism and Recreation Special Economic Zones in Kazakhstan

The empirical part of the study is based on a comparative analysis of the TURAN, Turkistan,
and Alatau tourism and recreation special economic zones. The selection of these zones is
determined by their different institutional logics, territorial locations, and stages of development,
which makes it possible to identify the heterogeneity of the economic effects produced by tourism
SEZs within a unified national policy framework.

The key indicators used in the analysis are investment volume, the number of residents, and
the number of jobs created. These indicators reflect both the scale of economic activity within the
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SEZs and the nature of their impact on the regional labour market and entrepreneurial

environment.

2.1. Comparative Characteristics of Key Performance Indicators of SEZs
As of the latest reporting periods, tourism and recreation SEZs demonstrate different
dynamics of investment and resident activity (Table 1).

Table 1. Main indicators of tourism and recreation SEZs in Kazakhstan

SEZ Investment volume, | Number of residents, Jobs, persons
KZT billion units ’

TURAN approximately 120 more than 40 more than 4,500

Turkistan approximately 95 more than 35 more than 3,800

Alatau approximately 300 approximately 25 approximately 2,600

The data presented indicate that the Alatau SEZ significantly exceeds the other zones in
terms of attracted investment. This is explained by the scale of projects, the high capital intensity
of infrastructure, and the agglomeration effect of the Almaty region. At the same time, this
advantage is not proportionally transformed into employment indicators or the number of
residents.

By contrast, the TURAN and Turkistan SEZs, despite substantially lower investment volumes,
demonstrate higher employment density and greater involvement of small and medium-sized
enterprises. This indicates differences in the economic nature of the effects generated by tourism
and recreation SEZs and highlights the limitations of assessing their efficiency solely through
investment indicators.

2.2. Investment and the Structure of Economic Returns

The economic interpretation of investment data shows that, in tourism and recreation SEZs,
a significant share of investment is directed towards the development of service infrastructure,
accommodation facilities, transport accessibility, and the urban environment. Such investments
generally have a longer payback period and generate indirect economic effects that extend
beyond the boundaries of the SEZ.

In the Alatau SEZ, investment is concentrated primarily in capital-intensive projects oriented
towards long-term agglomeration development. This explains the relatively low number of jobs
created per unit of invested capital. In this case, the economic effect of the zone is deferred and
largely depends on external factors, including the development of transport corridors and urban
expansion.

Conversely, the TURAN and Turkistan SEZs demonstrate higher investment returns in terms
of employment and entrepreneurial activity. This is associated with their sectoral orientation
towards tourism, where each investment project generates labour demand in related sectors,
including trade, transport, public catering, cultural services, and other service activities.

Thus, a comparison of the investment efficiency of tourism and recreation SEZs shows that
conventional capital-intensity criteria do not allow for an adequate assessment of the economic
performance of zones oriented towards a service-based growth model.

2.3. Employment and the Role of Small and Medium-Sized Businesses

One of the key economic effects of tourism and recreation SEZs is the creation of jobs,
primarily for the local population. An analysis of data for the TURAN and Turkistan SEZs shows that
the employment generated is more territorially balanced and contributes to the involvement of
local labour resources.

A high share of residents represented by small and medium-sized businesses forms a
sustainable entrepreneurial ecosystem oriented towards local value chains. In contrast, the Alatau
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SEZ is dominated by larger projects that require substantial capital investment and provide a
limited number of jobs at the initial stages of implementation.

From an economic perspective, this confirms the proposition that tourism and recreation
SEZs perform not only an investment function but also a socio-economic equalisation function for
regions. Their contribution to reducing unemployment and expanding employment cannot be
properly assessed without taking into account the structure of residents and the nature of the jobs
created.

2.4. The Problem of Distorted Efficiency Assessment of Tourism and Recreation SEZs

The comparison of empirical data makes it possible to conclude that there is a systematic
distortion in the assessment of tourism and recreation SEZ efficiency when universal criteria
designed for industrial zones are applied. The dominance of investment and fiscal indicators in
assessment models leads to biased conclusions regarding the comparative performance of
tourism SEZs.

In particular, based on a formal comparison, the Alatau SEZ may be recognised as more
efficient due to its investment volume, while the real socio-economic effects of the TURAN and
Turkistan SEZs remain underestimated. This creates the risk of incorrect managerial decisions,
including the redistribution of budgetary resources and the reduction of institutional support for
tourism and recreation zones.

Conclusion

The study confirms that tourism and recreation special economic zones in Kazakhstan
generate a specific type of economic effect that differs from the outcomes of industrial and
technology-oriented SEZs. The application of universal efficiency assessment criteria focused
primarily on investment volumes and fiscal returns leads to a systematic distortion of the
performance assessment of tourism and recreation zones and to an underestimation of their
contribution to regional development.

The comparative empirical analysis of the TURAN, Turkistan, and Alatau SEZs shows that,
despite lower investment volumes, the tourism and recreation SEZs of the Turkistan region ensure
higher labour intensity, greater involvement of small and medium-sized businesses, and a
pronounced multiplier effect for the local economy. At the same time, the Alatau SEZ,
characterised by the high capital intensity of its projects, primarily generates deferred economic
effects associated with agglomeration development and spatial transformation of the territory.

The results obtained indicate the need to differentiate approaches to assessing SEZ
efficiency depending on their functional type. For tourism and recreation SEZs, priority should be
given to indicators of employment, entrepreneurial activity, infrastructure development, and
spatial capitalisation, rather than only to absolute investment parameters. In this regard, the type-
oriented approach makes it possible to more accurately account for the specific features of the
service economy and the long-term nature of economic returns from tourism zones.

The practical significance of the study lies in the potential use of the proposed methodology
by public administration bodies and SEZ management companies in monitoring efficiency,
adjusting government support programmes, and forming strategic priorities for territorial
development. The implementation of a type-oriented approach contributes to reducing
institutional distortions and improving the validity of managerial decisions in the development of
tourism and recreation SEZs in Kazakhstan.
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TAPUXW AEPEKTEPIE HETM3AFNTEH
MATEMATUKA/BIK ECENTEP —
NOHAPA/BIK MHTEMPALIMA KYPASIbI
PETIHAE

MaHataesa M.M.

MarucTtpaHT, |. )aHcyripoB aTbiHAafbl MeTicy yHuBepcuTeTi, TanablkopfaH K., Ka3akcTaH
PecnybauKacel

FblNbIMK KeTeKLWici:

Hypfabbin [.H.
dU13MKa-MaTeEMaATMKA FbIIbIMAAPbLIHLIH AOKTOPbI, Npodeccop, |. *aHcyripos aTbiHAAFbI
*eTicy yHuBepcuTeTi, TanapikopraH K., KasakctaH Pecnybamkacsi

Byn Makanaga mMekTenTe Tapux NeH maTemaTuMKa NaHAEPIH KipiKTipe OKbITyAblH, TUIMA
KONAapbl KAPacTbipblnaabl. ABTOP NaHapaAblK MHTErpPaLMAHbIH HEri3ri TaciNAepiH Tanaan Kene, eH,
KO/IKETIMA 9pi HITMXKeNi aAaic — Tapuxu [AepeKkTepre HerisaenreH maTeMaTuKanblK ecenTep
yMeciH yebiHaapbl. ¥abl OTaH cofbichl (1941-1945) TakblpblObliHAAFbl HAKTbl CaHAbIK, AepeKTepre
cyMeHreH 4 ecen a3ipaeHin, SpKanCbICbIHbIH, TAPUXM KOHTEKCTI, MaTeEMATMKA/bIK, LLbIFAPbINYbI }KaHe
nefarorMkanblk, MyMKIHAIKTEPiI KenTipinreH. Makana CoHblHAa ecenTepAi cabakTa KOAAdaHYAbiH,
9iCTEMENTIK HYCKAYbl }KaHe MHTerpaumaHbiH, TUIMAINIriH Baranay Kputepuinnepi bepinrex.

Kint ce3gep: noHapanblK MHTErpauma, Tapux, mMatemaTtuka, Trimai konaap, ¥aol OTaH
COFbICbI, KIPIKTIpINreH ecenTep, MeKTEN KypCbl.

B naHHOM cTaTbe paccmaTpuBatoTcs 3ddeKTUBHbIE Cnocobbl MHTErpaumMm npeameTos
MCTOPUM N MATEMATMKMU B WKONIbHOM 0Oy4YeHuMW. ABTOP aHaAM3MPyeT OCHOBHble MOAXOAbl K
MeXNpeameTHOM MHTerpauum 1 npegnaraet Hanbonee AOCTYMHbIN U PE3YyAbTaTUBHbLIA METoa —
CMCTEMY MaTeMaTUYeCKMX 3aZay, OCHOBAHHbIX HAa MCTOPUYECKMX AaHHbIX. PaspaboTaHbl YeTbipe
3a/1a4M Ha OCHOBE peasibHbIX KONMYECTBEHHbIX AaHHbIX MO Teme Bennkon OTeyecTBEHHOM BOMHbI
(1941-1945 rr.), [ANA  Kaxaonm W3 KOTOPbIX MPeAcTaBAeHbl  UCTOPUYECKMIA  KOHTEKCT,
MaTeMaTMyecKkoe peleHne W neaarormyeckme BO3MOMKHOCTM MCMONb30BaHMA. B 3akntoueHumn
CTaTbW NpPMBEAEHbI METOANYECKME PEKOMEHAALMM NO MPMMEHEHMIO 33434 Ha YPOKaX U KpUTepumn
OLEHKN 3PPEKTUBHOCTM MHTETPALNN.

KntoueBble CnoBa: MexknpeameTHas WMHTerpauma, UCTopudA, matemaTtuKa, 3GdeKTUBHbIe
meToabl, Benrkaa OTeyecTBeHHaA BOMHA, MHTErPMPOBaAHHbIE 33/a4M, LWKOAbHbIN KypC.

This article examines effective ways of integrating History and Mathematics in school
education. The author analyzes the main approaches to interdisciplinary integration and proposes
the most accessible and effective method — a system of mathematical problems based on
historical data. Four problems were developed using real quantitative data related to the Great
Patriotic War (1941-1945). For each problem, the historical context, mathematical solution, and
pedagogical potential are presented. The article concludes with methodological recommendations
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for using these problems in the classroom and criteria for evaluating the effectiveness of
interdisciplinary integration.

Keywords: interdisciplinary integration, history, mathematics, effective methods, the Great
Patriotic War, integrated problems, school curriculum.

Kipicne
Kasipri 6inim 6epy napaaurmacbiHAa NaHapanblk WMHTErpaumMa — OKyLblIapAblH, TyTac
AYHUETaHbIMbIH Ka/bINTacTblpyAblH, GYHKUMOHANAbIK CAyaTTblbIFbIH AaMbITYyAblH, KIHE MaHre
AereH Kbl3blFyLWbl/bIFbIH aPTTbIPYAbIH MaHbI34bl Kypasbl. Tapux neH matemaTuka bip KaparaHaa
eki benek fblNblM canacbl OONFaHbIMEH, ONAPAbIH TOFbICY HYKTENepi eTe Kemn: XPOoHOMorus,
CTaTUCTUKA, Aemorpadumsa, 3KOHOMWKA, 9CKepu ic, Kaptorpadusa — OynapabiH, 6api caHAbIK
AepeKTepre Heri3genreH.
MekTten KypcbiHaa «Tapux + MatemaTuka» MHTerpaumaceiH XKy3ere acblpyablH, bipHelwe TUimai
onbl bap:
e Tapuxu MaTiHAEPAi MaTeMaTUKaNbIK Tanaay (kecte, rpaduk, Anarpamma Kypy);
e Tapuxu OKWFanaphblH CaHAblK, CuMMNaTTaManapbliH ecenTepre awWHangblpy (Narbi3,
nponopuma, Ko3fanbic, NPorpeccus);
e YaKbIT CbI3blfbl apKbl/ibl XPOHO/NOTUAHBbI MAaTEMATUKA/IbIK, MOLENbAELY;
e Tapwvxu KapTasapabl KOOpAMHaTanap *aHe macwTtabneH 6annaHbICTbIPY;
e MypaFraTTblK  [epeKkTep  HeridiHge wWwafbiH  3epTrey  kobanapbl (CTaTUCTMKANbIK
UbIHTBIKTAPMEH KYMbIC).
Ocbl *KONAapAblH ilWiHAE €H KO/MKETIMAI api HITWXKENICi — AalblH TapuxM CaHAbIK AepeKkTepai
naizanaHbin MaTeMaTUKaNbIK ecenTep KypacTbipy. MyHaal ecentep 6ip yaKblTTa MaTeMaTUKaNbIK,
NafapiHbl 6eKiTeni, Tapuxm matepuanibl TepeHaeTe i }KaHe NaTpMOoTTbIK Topbue bepea;.
Byn makanaga 6i3¥nbl OtaH cofbicbl (1941-1945) TakbipblObiHAaFbl  HaKTbl  AepekTepre
HerizaenreH 4 ecenti yCbIHbIM, 01aPAbIH 3PKANCbICbIHbIH MHTErPaLMANbIK S1eyeTiH KepceTeMmis.

¥nbl OTaH COFbICbI TaKplpblbblHAAFbI KipiKTipinreH ecentep

Opbip ecen TemeHAaeri KypblibiM bonbiHWa bepinea,:

1. Tapuxu KOHTEKCT (KbiCKalla aHbIKTama)

2. EcenTiH, 6epinyi (MatemaTuKanbIK LWapThl)

3. LlbIfapblaybl (Ke3eH-Ke3eHimeH)

4. Tenarornkanblk TYCiHIKTEME (OCbl ecen apKbiabl KaHAan MHTErpaLma xysere acampl)
Ecen Nol. «Mackey TybiHaeri TaHKTep» (Naibi3nap, 6—7 CbiHbIN)
Tapuxy KOHTEKCT: 1941 »KbinablH KaszaHbiHAa Mackey TybiHAeri WanKacTbiH HacTankbl Ke3eHiHae
Hemic ackepiHae («OpTanbik» apmua Tobbl) 1700 TaHK 6onabl. KeHec ackepiHae (baTbic, Peseps
oHe bpaHck malaaHaapbl) 990 TaHK 6onabl. Kapcbl WwabybinFa ganbiHAbIK 6apbicbiHAa KeHec
KonbacubinbiFbl LbiFbic maraaHHaH (Cibip meH Kubip LLbiFbicTaH) pe3epBTepai aybICTbipbin, TaHK
CaHbIH WaMaMeH 2 ecere apTTbipapbl (1980-re »yblIK). AN HEMIC TAHKTEPIHIH WamameH 50%-bl (SFHK
850-re »yblfbl) Kapcbl Wabybin 6apbICbiHAA *OMbIAAbI.

EcenTiH, 6epinyi:

1. LlWabybln angpiHoa Hemic TaHKTepiHiH caHbl KeHec TaHKTepiHeH Helle nakbl3fa apTbiK
6onabl? (MayanTsl OVTiH caHFa AeliH JeHTeNeKTeH,3)

2. KeHec acKepiHiH TaHK caHbl 2 ecere apTKaHHaH KeWiH KaHLwa TaHKk 6oaabl?

Hemic TaHKTepiHiH 50%-bl }KOMblAFaHHaH KENIH HEMICTEpAe KaHLa TaHK Kanabl?

4. WabybinaaH KeliHri KeHec neH Hemic TaHKTepiHiH, KaTbiHacbkl KaHaan 6onapl? (KaTbiHacTbl
OHTalMNaHABIPbIHBI3 }KOHE OHABIK BenlieK TypiHAe KepCeTiHi3)

5. WabybingaH KeliH KeHec TaHKTepi HEMIC TaHKTepIiHEH Helle ece apTbiK?

w
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LWbiFapoblaybl:
bepinzceHi:
e H,=1700 (Hemic TaHKTepi, 6acTanKpl)
e K, =990 (KeHec TaHKTepi, bacTankbl)
e KeHec TaHKTepi 2 ecere apTaabl - K; =990 - 2 = 1980 (TaHK)
e Hemic TaHKTepiHiH 50%-bl oMblnaabl - KanfaHol 50% — H; = 1700 - 0,5 = 850 (TaHK)

1-cypaK; LWabybin anabiHaa HeMIC TaHKTepi KeHec TaHKTepiHeH Helle Nnanbi3fa apTblk?
Wewyi:
ApPTbIKLWbIALIK (caHMeH) = 1700 — 990 = 710 TaHkK

990 — 100%

710 - x%

_710:100
X="999 /M

ByTiH caHfa geHrenektereHae - 72%
Xayabel: 72%

2-cypakK: KeHec acKepiHiH TaHK caHbl 2 ecere apTKaHHaH KeMiH KaHLa TaHK 6bonabl?
Wewyi: K1 =990+ 2 = 1980 TaHK
Mayabbi: 1980 TaHK

3-cypak: Hemic TaHKTepiHiH 50%-bl *KOMbIAFAaHHAH KeMiH HemicTepae KaHLa TaHK Kanapl?
Lewyi: Hy=1700 - 0,5 = 850 TaHK
Mayabesi: 850 TaHK

4-cypaK; LlabybinaaH KeriHri KeHec neH Hemic TaHKTepPiHiH, KaTbiHaCbl KaHAAM?
Lewyi:
K, 1980 _ 198

H, 850 85
Mayabei: 18;’58 (Hemece wamameH 2,329)

~ 2,329

5-cypak: LabybinaaH KeliH KeHec TaHKTepi HeEMiC TaHKTepIHEH Helle ece apTbIK?
Lewyi:
1980

—— = 2,33
850 ’

ayabei: 2,33 ece

MeparornkanblK, TyCiHiKTeMe: bByn ecen apKblabl OKyLbIAAP MNanbi3AplK,  apTbIKLWbIAbIKTbI,
NPOMNOPLMAHbI }KaHe KaTbIHACTbl ecenTeyai yipeHeai. CoHbIMeH KaTap, on1ap MackKey LalKacblHbIH,
HaKTbl JepeKTepiHe cymeHe oTbipbin, KeHec ackepiHiH pe3epBTep ecebiHeH Kanai 6acbiMabIKKa
YETKeHiH caHgap apKbiabl kepedi. bactankbliga HemicTep 72% apTbik, 60/ca, WwWabyblngaH KeniH
KeHec acKkepi 2,33 ece apTbikWbIAbIKKa Me 6onabl. byn — MacKkey TybiHAEr eHicTiH,
MaTeMaTUKabIK Ad1eNi.
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Ecen Ne2. «/leHuHrpag H6nokagacblHAafbl HaH Hopmacbl» (6enwekTep, enwem bipnikrepi, 5-6
CbIHbIN)

Tapuxu KOHTEKCT: /leHnHrpag 6nokanackl 872 KyHre cosbinapl — 1941 xbinfbl 8 KblpKyhekTeH 1944
XbINFbl 27 KaHTapfa geniH . bnokaga KesiHge Kanaga 2,9 MUANMOH adam Kanfbl, OHbIH 2,5
MWUANOHBLI — 6enbIT TypFbiHaap . EH ayblp Ke3eH 1941 xbinfbl 20 Kapalla meH 25 »KenTokcaH
apanbifbl bonapl. Jan ocbl Kesae eH ToMeHri HaH Hopmachkl benrinenai:

1-kecme
Ton ToyNiKTIK HOpMa
Rymbicwbinap 250 rpamm
KbiameTkepnep, 6Hananap, acblpaybliHaa 125 rpamm
aflamaapbl 6apnap
9cKepaiH, OipiHwi webingerinep 500 rpamm

EcenTiH, 6epinyi:

1. ymbicwbl 6ip anTafa KaHLWa rpaMm HaH anagbl? *ayabblH KMAorpammFa alHanasip.

2. banara 6ip aga (30 KyH) KaHWwa HaH bepinreH? MayabblH KnAorpammea aHanabIp.

3. Erep HaHHbIH Tek 40%-bl faHa Hafbl3 yH DONCa, *Kymbicwbl 6ip anTaga Hewe rpamm yH
wenai?

4. bBnoKadaHbiH 872 KYHiHAE *KYMbICLbl 6ap/blfbl KaHWa HaH anapbl (TOHHaMeH)?

5. Erep 6ykin 6nokaga KesiHae »Kymbiclbl Hopmacbkl 250 r 6onbin Kanca (esrepmece), on
KaHLWa HaH anap eai? HatuxkeHi No4 cypaKneH CanbICTbIp.

LWbiFapblaybl:
bepinzceHi:
e Hymbiclbl Hopmackl = 250 r/Taynik
e bana Hopmachkl = 125 r/Taynik
e YHyneci=40%=0,4
e bnokapa KyHAepi = 872 KyH

1-cypakK: Kymbliclubl 6ip anTaga KaHLla rpaMm HaH anagpl?

Lewyi:
250 -7 = 1750 r
1750 _
1000 0%

Mayabesi: 1,75 kr

2-cypak: banara 6ip aiaa (30 KyH) KaHLWwa HaH bepinreH?

Wewyi:
1251 -30 = 3750 T
3750 _
1000 2%

Mayabei: 3,75 Kr

3-cypak: Erep HaHHbIH Tek 40%-bl faHa Hafbl3 yH H0NCa, KyMbiclbl Oip anTaaa Helle rpamm yH
xenai?
Lewyi:
1750r -0,4=700r
Mayabsi: 700 1 (byn — 6ip anTaga *enTiH HaFbl3 YHHbIH, MeLWepi, KaafaHbl — Kocnanap)
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4-cypaK: bokaaaHbiH 872 KyHiHAE *KYMbICLIbl 6ap/blFbl KaHLIa HaH anbl (TOHHameH)?
Wewyi:
872 kyH - 250r =218000r
218 000

1000
218 _ 0218
1000  “°T

= 218 kr

*ayabesi: 0,218 ToHHa

5-cypakK;: Erep 6yKin 610Kana KesiHae KymbiClibl Hopmachkl 250 r 6onbin Kanca (e3repmece), on
KaHLWa HaH anap eaj?
Wewyi:

872 -250=218000r=0218T
(e3repic ok, cebebi Hopma TypaKThbl)
Mayabesi: 0,218 ToHHa. byn Hopma 1941 XbINFbl €H, ayblp Ke3eHae FaHa emec, bykin 61oKkaaa bonbl
cakTanabl AereH wWapTTbl ecenTey. LbiHAbIFbIHAA HOPpMa BipHelle peT e3reprex

MeparornkanblK TYCiHiKTEmMe: byn  ecen oKkylwblnapra Oenwektepai, enwem bipniktepiH
TYPAEHAipyAi KoHe narbi3ablK ecenTteynepai yipetedi. CoHbIMeH KaTap, Oa0KadaHblH, agam
TO3riCi3 ayblp XKafaalblH CaHAAp apKblabl cesiHeni: «bip aaa 6ana 3,75 Kr HaH anbINTbl, an Kasipri
Ke3ge 6i3 oHbl Bip KyHAE KEeMMi3» AereH canbiCTbiPy apKbl/ibl TAPUXM IMMNATUA KabiNTacabl.

Ecen No3. «Bonra apkbinbl eTy: CTanunHrpas, wankacb!» (Ko3fanbic, 7—8 CbiHbIN)
Tapuxm KOHTeKCT: CTanuHrpas, warkacekl (1942 . 17 winge — 1943 . 2 aknaH) ¥abl OTaH
COFbICbIHbIH, €H, ipi WaiKacTapblHbIH 6ipi 6onabl. 1942 KbinablH KblpKyheriHae 62-wi apmus (B.A.
YyIMKOBTbIH, KONbacLLbIbIFbIMEH) Bonra apKbiabl eTin, CTaAMHIPaATbl KOPFabl.
BonraHblH, eHi CTanuHrpas TycbiHA@ 1 KunomeTpre »KeTkeH. KeHec JaepekTepi OOMbIHWA,
apTUANEPUANBIK KaHe aBMaUMAbIK Wabyblnaap cangapbiHaH 6TKeNAeri KarblkTapablH, LiamameH
25-30% KanTbin OpanmaFaH.
EcenTiH, 6epinyi:
1. KalblK e3eHHiH, bip »KafacblHaH eKiHLWi »afacblHa KaHLWA YyaKblTTa (MUHYTNEH KaHe
CEeKyHANeH) XKy3eai?
2. Erep ap Kambik 30 capbas Tacbica skaHe cafaTbiHa 12 KalblK eTce, Oip caFaTTa KaHwa capbas
eTKi3inai?
3. Ocbl capbasgapabiH, 30%-bl 6TKENAE Ka3a TankaH 60/ica, KaHlwa capbas amaH KeTTi?
4. bBip TaynikTe (24 caraT) KaHLWa capba3s eTKi3iNai? OHbIH KaHLWWackl aMaH XKeTTi?

LWbiFapoblaybl:
bepinaeHi:
e S=1km(BosnraeHi)
e 19 =15 Kkm/caF (KalblK *blAgaMablFbl)
e Op KaMbikTa 30 capbas
e KalbIK uiniri: 12 Kanblk/caf
e LbifbiH: 30% =0,3

1-cypak: KaliblK e3eHHiH Oip *KafaCblHAH eKiHLi »afacblHa KaHlWa yakbiTTa (MUHYTMNEH aHe

CEeKyHANeH) xyseai?
Wewyi:
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S 1 kM 1

e e T
. car
Ecai»“: E'60MI/IH=4MI/IH

4mMuH =4 -60=240c
Mayabbi: 4 MUHYT (240 cekyHa)

2-cypak: Erep ap Kanbik 30 capba3 Tacbica KaHe cafaTbiHA 12 Kalblk eTce, Oip cafaTTa KaHLlla
capbas eTKizingi?
Lewyi:

KaWbIK cap6as

- 30 capb6as = 360
car car

12

Mayabesi: 360 capbas

3-cypak: Ocbl capbazgapapiH 30%-bl 6TKENAE Ka3a TanKaH 60/ca, KaHwa capba3 amaH KeTTi?
Lewyi:
Ka3za tankansl = 360 - 0,3 = 108
AmaH xeTkeHi = 360 — 108 = 252
*ayabebi: 252 capbas

4-cypak: bip TaynikTe (24 cafaT) KaHwWa capbas eTkisingi?
Wewyi:
Bip Tayn eTkisinrengep = 360 - 24 = 8640 cap6as
AmaH keTkeHi = 8640 - 0,7 = 6048 capb6as
Kasza tankanbl = 8640 - 0,3 = 2592 cap6as
Mayabesi: 8640 capbas eTKizingj, oHbiH 6048-i amaH »KeTTi

Meparornkanblk TyCiHikTeMe: Ko3fanbic dopmynacbiH nakganaHa oTbipbIn, OKylbl «Hebapi 1 Km-
[eH acaTblH ©3eHHEH BTy YLWiH 4 MUHYT KeTKeH, bipak apbip 10 capbazabiH 3-i Te anmaraH» aerex
KOPbITbIHABI *Kacanapl. byn — CTaAnHrpag, WarKacbiHbIH KaHWabIKTbl ayblp BONFaHbIH KepceTesi.
OKylblNapFa KOCbIMLLA CypaK: «HenikTeH KelkKi yaKblTTa eTKen Xuipek bonfaH?» (xayabbl:
KapaHFbIAbIK aBUaUMANbIK LWabyblnaapaaH *Kacblpyfa KEMEKTECKEH).

Ecen No4. «9ienaep MeH actap Toinga» (nanbi3aap, aMarpamma, 6—7 cbiHbIn)
Tapuxn KOHTeKCT: ¥ibl OTaH COfbICbl KblAApblHAA epaepaiH, Kenuwiniri malnaaHfa anbiHAObI.
Tblnaasbl eHepKacinTe eHbeK eTeTiHAEPAiH Kypambl Tybereini esrepi.
1943 »binbl KCPO-HbIH aCKepK eHepKacibiHae (ayblp MallMHa »Kacay, TaHK, yliaK, Kapy-#Kapak,
3aybITTapbl) *YMbIC iICTENTIHAEPAIH:

e 58%—onennep

e 15% — 14-17 »Kac apanblfblHAafbl }Kacecnipimaep

o 27% —ep anamaap (COFbICKA *Kapamcbi3aap, Kapasiblnap Hemece myreaekTep)

EcenTiH, 6epinyi:

1. Erep 3aybiTTa 6apabirbl 2500 Rymbiclbl 6boaca, anengep MeH Kacecnipimaep caHbiH Tan.
Ep anampaap Helle NPOLEHT KaHe Hellle aam?
Ocbl manimeTTEpAl ABHIEeNeK AMarpammara Tycip (NpoueHTTepAi rpaaycka aiHanablp).
oengep caHbl }Kacecnipimaep caHbiHaH Hellle ece apTbIK?
Erep cofbiCKa AeMiH 3aybITTa *KyMbicliblnapapiH 70%- ep agamaap 6osca, CofbiC KesiHae
ep aJamaap caHbl KaHLa Nnanbi3fa a3anapl?

Uik wN
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LWbiFapblaybl:
bepinzceHi:
e bapnbifbl = 2500 agam
e Olengep =58% =0,58
e Xacecnipimaep = 15% =0,15
e Epapampap=27%=0,27

1-cypak: Erep 3aybiTTa 6apnbiFbl 2500 KyMbiclbl 6oaca, aMenaep MeH »Kacecnipimaep CaHbiH Tan.
Wewyi:

2500 - 0,58 = 1450

2500 - 0,15 =375
Mayabesi: 1450 ainen, 375 »acecnipim

2-cypak: Ep agamaap Hellle NPOLEHT KaHe Helle aaam?
Lewyi:
100% — 58% — 15% = 27%
2500 - 0,27 = 675
Mayabesi: 27% (675 agam)

3-cypak (aeHrenek amarpamma): Ocbl MaNiMeTTEPAi ASHIeneK Anarpammasa Tycip (npoueHTTepai
rpagycka alHanapip)
100% = 360°, coHaa 1% = 3,6°
e OMenpep: 58 - 3,6° =208,8°
o Hacecnipimgep: 15+ 3,6° = 54°
e Epapampap: 27-3,6°=97,2°
Tekcepy: 208,8° + 54° + 97,2° = 360°
Mayabesi: anarpammana 208,8° — atenaep, 54° — acecnipimaep, 97,2° — ep agamaap

4-cypaK: Onenaep caHbl XKacecnipimaep caHbIHaH Helle ece apTbiK?
Wewyi:

1450
375 0l

ayabebi: Oenep caHbl XKacecnipimaep caHbiHaH 3,87 ece apTblK,

5-cypak (Kocbimwuia): Erep cofbicKa AeNiH 3aybiTTa KymbicwblnapabiH, 70%- ep agamaap 6onca,
COfFbIC Ke3iHAe ep afamaap caHbl KaHLa Narnbi3fa a3angbl?
Lewyi:
CofbIcKa OeniH ep adamaap
CofblC Ke3iHae ep agamaap = 675 apam
1750 — 675 = 1075
1750 — 100%

1075 - x%

_1075-100
X T 1750 T OV

Mayabel: Ep agamaap caHbl wamameH 61,4%-fa a3aitfaH

2500 : 0,7 = 1750 agam

Menarornkansik, TYCiHIKTEME:
Byn ecen apKbiNbl OKyllblNap MNakbi3gap MeH AuvarpammaHbl YMPEeHIn KaHa KOoWMal, COofbiC
XKbINJAapblHAAFbl  TbiNJafbl  epaep CaHblHbIH, - a3albin, aMenaep MeH Kacecnipimaepai,
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KaHLLANbIKTbl ayblp YK apKanafaHblH Kepeai. Tapnxu TyKbipbiM: «Dp6ip 10 Tbia KYMbICLIbICbIHbIH,
lamameH 6-Cbl — alien, 2-ci — acecnipim, Tek 2-ci FaHa ep agam».

EcenTepai cabakTa KonaaHyablH 94iCTEMENIK HYCKaybl
3.1. KonaaHy pexxmmaepi

2-Kecme
Pexxum YaKbITbl Cunatramacsl
dparmenTTiK 510 Muk MaTemaTtnKa ca6a¥b|H,q§ TaKbIPbII'ITbI bekity K.e3i|.me 1
ecen. Tapuxm KOHTEKCTTI MyFanim KbiCKalla TyciHAaipeai.
. ApHalbl «Tapux-maTemaTuKa» KipikTipinreH cabak. 2—3
Moaynbaik 20-30 muH P . .« p . » KIPIKTIP "
ecen OipikTipines;.
OkKywblnap ocbl yarinep bombiHWA 63 beTiHWwe KaHa
*obanblik 1 anTa Ky P ¥ P R

ecen KypacTbipaapi.

3.2. CbiHbINTap 6oibiHWwa beniHic kecteci

3-kecme
CblIHbIN Ecen Hemipnepi MaTemaTuKablK TaKblpbINTap
5-6 No?2 BenuwekTep, enwem Bipniktepi, eHimAainik, kecte
6—7 Nol, No4 Malbi3gap, AMarpamma, opTalla lWama
7-8 No3 Ko3fanbic dopmynacsl, NponopLMoHanabiK,

3.3. UHTerpaumsaHbiH, TUIMAiNIK KpuTepuiinepi
YCbIHbINFaH €CEeNTEeP KYMeCiHiH, TUIMAINIr MmbiHaaa:
1. YakbIT yHeMi — KocbiMmLLIa cabaK KaxkeT eMec, Heri3ri matemaTrka cabafblHa 5—15 MUHYT

KipicTipineai.

2. Koc HaTuKe — Bip yakblTTa MaTemMaTUKabIK AaFabl MeH Tapuxu binim bekiTinea,.

w

4. Topbuenik aneyet — NaTpPMOTM3IM CaHAAP apPKblabl cesineai.

KopbITbIHAbI
«Tapux + MaTemaTrKa» MHTErpaumachbiH XKy3ere acblpyablH, TUIMAI *KONAAPbIHbIH, 6ipi — HaKTb

MoTurBaLUs — OKyLLIbINAP KKYPFaK» ecenTepeH ropi HakTbl TaPUXM XKaFaanTKa Kbi3blfadbl.

TapUXM CaHAbIK AepeKTepre HerisaenreH maTtemMaTuKanbiK ecentep. by aaicTiH apTbIKLWbIbIFbI:
e JlalblH MaTepuanaapabl KaXKeT eTnenai (MyfaniMHiH ©3i KypacTblpa anagpl);
e ewbip KOCbIMLIA PECYPCChI3, KaAimri cabak, yCTiHAe opblHAaNaabl;
e Dap/iblK CbIHbINTAP MeH Bap/blK MaTEMATMKa bIK TaKkblpbinTapra benimaeneni.

YCbIHbIbIN OTblpFaH ecen (¥abl OTaH COfbIChbl TaKblPbiObIHAA) OCbI TACINAIH HaKTbl yArici 6obIn

Tabblnaabl. OnapabiH 9PKANCHICHI:

e HaKTbl TAPUXM AEPEKKE cyneHen);

e Oenrini 6ip MaTemaTHKabIK TakblpbiNTbl OekiTea;;
e NaTPUOTTLIK Topbue bepeai;
e OKYLUbIHbIH MaHapasblK 6alMNaHbICTbl TYCIHYiHE MYMKIHAIK *Kacanabl.

byn Tocinai b6acka Tapuxu Kesenaepre (Exenri KasakctaH, OpTa facblipnap, Kasak XaHZblfbl,

TOyenCi3aik KeseHi) »kaHe backa naHaepre (reorpadus, buonorma) TapaTyra 6bonaabl.
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ELT FOR NON-LINGUISTIC FACULTIES:
MOTIVATIONAL AND CURRICULAR
CHALLENGES IN HIGHER EDUCATION
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Abstract

This paper examines the main difficulties in teaching English to non-linguistic students in
higher education. In today’s globalized world, English has become an essential tool for
communication in science, education, and professional contexts. However, many students still
struggle to achieve an adequate level of proficiency, despite studying English at university.

The study discusses key factors affecting learning, including psychological issues such as
low motivation and lack of confidence, methodological challenges like limited classroom hours
and insufficient practice, and physical factors including a heavy academic workload. It also
addresses issues such as first language interference, concentration problems caused by mobile
phone use, and difficulties in vocabulary acquisition.

The paper emphasizes the importance of creating a supportive classroom environment and
applying effective teaching methods to enhance student engagement and performance. Overall,
it argues that improved teaching strategies and stronger learner motivation can significantly
enhance English learning outcomes for non-linguistic students.

Keywords: English for Specific Purposes, non-linguistic faculties, learner motivation, higher
education, communicative competence, bimodal input, second language acquisition barriers

Introduction

In today’s interconnected world, English has become one of the most important means of
communication across professional fields. It is widely used in science, technology, education, and
international cooperation. For this reason, English is an essential part of higher education,
especially for students in non-linguistic fields, who study it as a tool for professional development
rather than as a philological specialization.

Despite its importance, many students still struggle to learn English effectively at
university. Even though there are more digital learning opportunities than ever before, the level
of English proficiency among graduates is often lower than expected. This deficit underscores
deep-seated challenges in delivering functional language education within non-linguistic academic
contexts (Dagiq et al., 2024; Education First [EF], 2024).

The purpose of this paper is to explore the systematic difficulties that non-linguistic
students face when learning English, categorized into physical, psychological, and methodological
domains. By understanding these challenges more clearly, educators can refine instructional
design and help students develop the precise English communication skills required for their
future careers.
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Main Difficulties in Teaching English to Non-Linguistic Students

A key characteristic of a highly qualified specialist is the ability to engage in lifelong
learning. In a rapidly changing world, maintaining professional competence requires continuous
updating of knowledge and development of professional horizons (UNESCO, 2021). A necessary
condition for this growth is proficiency in foreign languages as a means of international
communication between professionals from different countries (European Commission, 2012).

English currently holds a leading position as the primary lingua franca in academic and
professional contexts (Crystal, 2003). According to international linguistic research, approximately
1.49 billion people worldwide speak English, including both native and non-native speakers
(Ethnologue, 2026). This means nearly 75% of the global English-speaking population consists of
non-native speakers. In sociolinguistics and English Language Teaching (ELT) discourse, this is a
vital statistic because it highlights that English operates primarily as a global lingua franca rather
than a language bound by its native geography. It is one of the official working languages of the
United Nations and holds official or co-official status in numerous countries across different
continents. In many countries, English is the most commonly studied first foreign language.

In the past, English was primarily required only for language teachers and translators.
However, nowadays, the goals of the education system have changed significantly, reflecting the
growing demand for English as a global professional tool.

Now, English is the dominant foreign language and its teaching integrates students’
professional training with access to global scientific and cultural resources, thereby enabling
interaction with diverse cultures and participation in international professional communities.
Thus, knowledge of English enables young specialists to become familiar with the latest research,
innovations, and scientific discoveries in industry, economics, and culture, as well as to participate
in international conferences, which significantly broadens their professional horizons (Crystal,
2003).

In professional environments, people who speak two or more languages are often
regarded as more competitive and highly valued. In this regard, professionally oriented language
teaching is one of the most important tasks of any educational institution. However, despite
ongoing institutional initiatives and curriculum modernization, educational programs still yield a
limited number of graduates with professional-level English proficiency. This deficit underscores
deep-seated challenges in delivering functional language education within non-linguistic academic
contexts (Dagiq et al., 2024; Education First [EF], 2024).

Unfortunately, even in the present day, when numerous opportunities for foreign language
learning exist (private lessons, online classes with native speakers, language-learning websites,
video and audio materials), not all learners achieve communicative fluency. Students encounter
these difficulties at school and continue to face them at university.

The reasons may vary: lack of confidence in one’s abilities, forgetting material learned at
school, an inability to think in a foreign language, and difficulties in listening comprehension.

These problems require closer examination. Students often perceive a lack of confidence
in their abilities as a problem rather than a genuine linguistic barrier. Students who can
communicate in Azerbaijani, Turkish, or Russian can also learn English successfully, provided they
receive sufficient practice and exposure (Dérnyei, 2001).

Experiences like "I learned it but forgot it" often indicate insufficient depth of learning and
a lack of systematic language acquisition. It is not only enough to learn, but it is also important to
achieve automaticity in language use. Mastery of collocations is also essential, as learners tend to
rely on native language structures, which do not always correspond to those of the target
language. Students develop the ability to think in a foreign language only through sustained
practice and meaningful communication, which makes this process particularly challenging (Ellis,
2008).
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Listening comprehension is also a very common problem. Even students with adequate
vocabulary and grammar knowledge struggle with fluent speech because natural language
involves connected and reduced forms. To address this, extensive exposure to authentic input is
vital (Rost, 2011). The issue is that when confronted with fluent speech, learners fail to process
meaning not because they do not recognize individual words, but because natural speech involves
connected and reduced forms. Watching films with English subtitles also supports listening
development by combining auditory and visual input. Utilizing bimodal input such as watching
contemporary dramas or documentaries with intralingual English subtitles significantly supports
listening development. This approach effectively synchronizes auditory and visual channels,
optimizing vocabulary acquisition while managing the learner's cognitive load through
contextualized, real-world language structures.

Another problem is that students often translate mentally from their native language into
English. As a result, they speak slowly and continuously think about sentence construction. This
occurs because learners first conceptualize in their native language, then attempt to retrieve
equivalent lexical and grammatical structures in English.

These issues may also stem from the testing system used in higher education institutions,
which requires instructors to cover a large amount of material in a limited timeframe. Although
multiple-choice tests, which are worked on while preparing for university entry preparation
period, include listening components, educators do not always use authentic native-speaker audio
materials, which limits students’” exposure to real-life language use.

Insufficient school preparation and the belief that a foreign language will not be useful in
future careers further complicate the learning process for both students and teachers. Overall,
there are three main categories of barriers in teaching English to non-linguistic students: physical,
psychological, and methodological.

Physical, Psychological, and Methodological Difficulties

Physical difficulties:

e Teaching materials often do not fully align with students’ heterogeneous proficiency levels.

e Learning environments are not always technologically or structurally conducive to effective
language acquisition.

e Students have limited time for foreign language study due to heavy workloads in their core
academic subjects.

Psychological difficulties:

e Low learner motivation due to anxiety or past academic friction.

e Lack of interest in the discipline, as students often perceive foreign language learning as an
"unimportant," secondary subject.

Methodological difficulties:

e Lack of a natural language environment outside the classroom boundaries.

e Overemphasis on General English (GE) instead of the necessary English for Specific Purposes
(ESP) tailored to professional fields.

e Insufficient number of foreign language hours in curricula for non-linguistic specialties.

e Low baseline level of students’ communicative competence upon entering university.

e Perceived difficulty of foreign language acquisition, leading to early cognitive fatigue.

e [nability to apply theoretical grammar knowledge to practical communication.

The learning process must balance all four language skills—listening, speaking, reading,
and writing—which are fundamental components of communicative competence (Hymes, 1972;
Richards, 2006).
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Insufficient language preparation of students, combined with a heavy academic workload
in their major subjects, significantly limits the time they can dedicate to English learning, which
negatively affects the overall quality of language proficiency.

Mismatched tasks that ignore students’” actual proficiency levels frequently drive down
motivation in foreign language learning. For instance, when a student fails to comprehend an
authentic text, forcing them to retell it breeds cognitive frustration rather than fostering effective
learning. Instructors must utilize modified elaborated input and adapt task demands to the
learners' current processing capacity to ensure optimal engagement (Long, 2020; Ziegler &
Bryfonski, 2022).

An objective difficulty faced by both teachers and students is the absence of a natural
language environment and the presence of a language barrier. Researchers consider exposure to
authentic input essential for language acquisition, particularly in contexts where learners study
English as a foreign language (Ellis, 2008).

In non-linguistic disciplines, a major curriculum flaw is the overemphasis on General English
(GE) at the expense of English for Specific Purposes (ESP). GE is already familiar to the majority of
students, which is why it does not attract their interest. While GE provides basic communicative
structures, it fails to equip students with the specialized lexicon, genre awareness, and
professional discourse required in their specific fields. This misalighment leaves graduates unable
to navigate technical literature or career-specific tasks, rendering generic language instruction
largely ineffective for their professional needs.

When considering subjective difficulties, lack of motivation to acquire professional foreign
language skills plays a significant role. Students are often convinced that they will not be able to
achieve an adequate level of English within the limited time available at university, and therefore
do not actively engage in learning. Motivation is widely recognized as a key factor in successful
second language acquisition (Ddrnyei, 2001). Therefore, forming and sustaining learner
motivation is one of the central tasks of English teachers working with non-linguistic students.

It is important to note that effective teaching requires creativity. A comfortable and
professional learning environment, along with modern teaching equipment, is essential; without
these conditions, teachers cannot effectively organize classroom activities, maintain student
engagement, or achieve the desired learning outcomes.

One of the most difficult tasks for students, especially in non-linguistic specialties, is
mastering specialized vocabulary (lexical units related to specific professional fields). Many
students mistakenly believe that memorizing new words is unnecessary because they rarely use
these words in everyday communication. As a result, they show low motivation for vocabulary
acquisition. However, vocabulary knowledge is a strong predictor of reading comprehension and
overall language proficiency (Nation, 2013). Without sufficient lexical knowledge, translation
becomes a cognitively demanding process that requires considerable time and effort. In such
cases, overcoming lexical barriers requires the use of strategies such as electronic dictionaries,
contextual inference, and guided guessing. This approach helps learners develop the ability to
derive meaning from context. In spoken language, learners acquire vocabulary best through
meaningful interaction and dialogue-based practice. Lexical games and communicative activities
also improve retention and increase engagement in vocabulary learning.

Another important issue is first language interference, which occurs when both teachers
and students frequently switch to their mother tongue during English lessons. This practice
negatively affects the development of English proficiency, as reduced exposure to the target
language limits acquisition and fluency development. Learners often overlook the fact that each
language has its own intonation and pronunciation system, which requires consistent practice in
authentic communicative settings. Therefore, teachers should consistently use English during

126



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

classroom interaction, as sustained exposure to the target language provides the optimal input
necessary to trigger natural acquisition pathways (Long, 2020)."

A further disadvantage involves student concentration and attention span. Although
educators often assume that students support the learning process when they use mobile phones
in class solely to access electronic dictionaries or e-textbooks, students become distracted from
instructional tasks when they use mobile devices for unrelated communication or social media
activities, which negatively affects learning outcomes. Research has shown that multitasking with
digital devices during learning reduces comprehension and retention (Sana, Weston, & Cepeda,
2013). Therefore, teachers should regulate and monitor smartphone use in the classroom when it
interferes with learning activities.

Students who struggle to concentrate often get easily distracted and do not fully process
learning materials. When teachers select engaging tasks and vary classroom activities dynamically,
students’ concentration and participation increase. At the same time, teachers should adjust the
pace of instruction to match learners’ abilities and needs.

It is also important to consider the subjective dimension of teacher—student relationships.
The effectiveness of learning also depends on the teacher’s personality and classroom interaction
style. Positive teacher—student relationships increase motivation, engagement, and academic
achievement (Dornyei, 2001). When students respect and connect positively with their teacher,
they are more willing to participate and engage actively in classroom activities. Although this
applies to all academic disciplines, the subjective factor plays a particularly significant role in
practical language classes.

Teachers should consistently apply a range of strategies to motivate students and
encourage active participation in order to overcome barriers in foreign language learning.
However, many students continue to have trouble, and not all are able to overcome these
challenges independently. Therefore, identifying the factors that hinder success in English classes
remains an important pedagogical task, as each issue requires an appropriate instructional
response.

Conclusion

Teaching English to non-linguistic students is a complex process shaped by academic,
psychological, and practical factors. Although English serves as an essential tool for professional
communication, limited classroom hours, heavy core workloads, and a lack of a natural language
environment complicate its mastery.

Psychological barriers restrict learning just as much as academic ones. Many students treat
English as a secondary subject, and low confidence or a fear of mistakes slows their progress.
These issues are further compounded by modern challenges, such as digital distractions, first-
language interference, and a curricular overemphasis on General English rather than field-specific
ESP.

To overcome these barriers, higher education programs must adopt a balanced approach
that transforms both teaching practices and learner attitudes. In this context, the teacher plays a
central role. Teachers enhance students’” motivation and performance by adopting a supportive
and engaging approach, designing clear tasks, encouraging active classroom interaction, and
applying modern teaching methods. When teachers structure lessons well and make them
interactive, students become more involved and participate more willingly.

Overall, improving English instruction for non-linguistic students requires a balanced
approach that considers both teaching practices and learner attitudes. When educators address
these challenges effectively, students strengthen their language skills and become better
prepared for international academic and professional environments.
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In Kazakhstan’s universities, English language teaching (ELT) stands at a pivotal crossroads. The
country’s ambitious trilingual education policy—promoting Kazakh, Russian, and English as
languages of instruction—has elevated English proficiency as a national priority for global
competitiveness, academic publishing, and international collaboration. Yet, challenges persist:
varying student proficiency levels, large class sizes, limited exposure to authentic English
environments, and teacher workloads strained by traditional methods. Enter artificial intelligence
(Al). With Kazakhstan’s government investing heavily through the Concept for the Development
of Artificial Intelligence (2024-2029), including Al literacy courses and infrastructure upgrades at
leading institutions like Al-Farabi Kazakh National University, L.N. Gumilyov Eurasian National
University, Satbayev University, and Abai Kazakh National Pedagogical University, Al tools are no
longer futuristic—they are practical allies in the ELT classroom. This article explores how Al is
reshaping English language learning in Kazakh higher education, highlighting key tools, benefits,
challenges, and actionable recommendations for educators and administrators.

Why Al Matters for ELT in Kazakhstan

Kazakhstan’s higher education system serves a diverse student body, many of whom balance
English with Kazakh and Russian. Traditional ELT often relies on rote memorization, limited
speaking practice, and one-size-fits-all materials—approaches that struggle to address individual
needs in large lecture halls or amid varying digital access between urban centers like Almaty and
Astana and more remote regions.

Recent studies, including experiments at Abai University, show that Al-enhanced instruction can
significantly improve outcomes compared to traditional methods. Nationally, Al is being integrated
not just for efficiency but for equity: personalized pathways help bridge proficiency gaps, while
teacher-support tools free educators to focus on mentorship and critical thinking. As one 2026
analysis noted, Al-driven personalized tutoring and adaptive learning rank among the top uses of
the technology in education globally—and Kazakhstan is actively positioning itself as a regional
leader.

Key Al Tools Transforming the ELT Classroom

Al tools fall into several categories that directly support the four language skills (listening, speaking,
reading, writing) while aligning with Universal Design for Learning principles—offering multiple
means of engagement, representation, and expression.

1. Personalized Conversation Practice and Tutoring

Tools like ChatGPT, Google Gemini, and Claude act as on-demand language partners. Students can
engage in role-plays, debate current events, or receive instant feedback on grammar and
vocabulary. In Kazakh universities, where authentic speaking opportunities are scarce, these
chatbots simulate real conversations 24/7.
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Emerging platforms such as Langua and Duolingo Max (with GPT-powered features) offer voice-
cloned native speakers and adaptive dialogue, making practice feel immersive. A student
preparing for an IELTS speaking test, for example, can rehearse with Al that remembers prior
mistakes and builds targeted exercises.

2. Pronunciation and Speaking Feedback

ELSA Speak and similar speech-recognition tools analyze pronunciation in real time, providing
visual feedback on intonation, stress, and accents—crucial for Kazakh learners whose first
languages may influence English phonetics. These apps adapt to individual progress, turning
speaking anxiety into measurable improvement. Teachers report using them for flipped
classrooms: students practice independently, then discuss results in class.

3. Writing Assistance and Automated Feedback

Grammarly (with Al enhancements) and ChatGPT excel here. Students draft essays in English,
receive suggestions on structure, vocabulary, and academic tone, then revise iteratively. For
instructors, tools like CoGrader or Al-powered rubrics handle initial grading, highlighting common
errors across a cohort while flagging plagiarism. This is especially valuable in large classes where
manual feedback is time-intensive.

Specialized platforms like Twee (designed for language teachers) generate differentiated writing
prompts, rubrics, or even full lesson plans tailored to CEFR levels common in Kazakh programs.
4. Lesson Planning, Materials Creation, and Assessment

Al streamlines preparation: Diffit adapts reading texts to different proficiency levels; Gamma
creates visually engaging presentations; and text-to-speech tools (e.g., Google’s or Elevenlabs)
produce listening materials with natural voices in multiple accents. For assessment, Al can
generate quizzes, analyze speaking recordings, or provide formative insights—freeing teachers for
higher-value interactions.

5. Inclusive Supports

Al also advances accessibility. Speech-to-text and text-to-speech features help students with
motor or learning differences participate fully. Personalized adaptive paths align with Kazakhstan’s
push for inclusive education, ensuring no learner is left behind.

Benefits for Kazakh Universities

The advantages are clear and evidence-based. Al personalizes learning at scale—addressing the
wide proficiency range in first-year EFL courses. Teachers save hours on routine tasks (lesson
planning, grading), allowing more time for cultural context, critical literacy, and student
motivation. Early pilots in Kazakhstan show improved engagement, faster skill gains, and higher
student confidence. On a systemic level, Al supports the trilingual policy by making English more
approachable without replacing human instructors. It also prepares graduates for an Al-driven job
market, where digital literacy is as vital as language skills.

Challenges and Ethical Considerations

Adoption is not without hurdles. Kazakhstan ranks respectably in global Al readiness but faces a
digital divide: unreliable internet in rural areas limits consistent use. Teacher readiness varies—
surveys of EFL instructors reveal lower confidence in ethical Al integration, including issues of
academic integrity, data privacy, and over-reliance that could hinder deep learning.

Al tools, trained largely on Western English data, may carry cultural biases or struggle with Kazakh-
specific contexts. Ethical questions abound: How do we detect Al-generated work fairly? How do
we protect student data under national regulations? And how do we ensure Al complements,
rather than replaces, the human element central to language teaching?
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Recommendations for Successful Integration

To harness Al effectively in Kazakh university ELT classrooms:

Invest in Targeted Training: Expand professional development programs (building on existing ICHEI
and national initiatives) to focus on practical Al pedagogy, ethical use, and prompt engineering for
language tasks.

Adopt a Hybrid Model: Use Al for practice and personalization; reserve classroom time for
collaborative, creative, and culturally relevant activities.

Address Equity: Prioritize offline-capable tools or low-bandwidth options and provide device
access where needed. Pilot programs in mixed urban-rural settings.

Develop Institutional Policies: Create clear guidelines on Al use, citation, and assessment—many
universities worldwide have already done so successfully.

Collaborate and Research: Partner with tech firms (e.g., via Satbayev’s Al-Sana initiatives) and
conduct local studies on Al’s impact on ELT outcomes.

As Kazakhstan accelerates its Al journey—joining global initiatives like OpenAl’s Education for
Countries and building computational clusters at top universities—the future of ELT is bright. Al
tools are not a silver bullet, but when implemented thoughtfully, they can democratize high-
quality English education, boost proficiency, and position Kazakh graduates as globally competitive
professionals. The real revolution lies not in the technology itself, but in how educators and
institutions choose to wield it: as a powerful assistant that amplifies human potential rather than
diminishing it. For Kazakhstan’s universities, embracing Al in the English classroom is more than
an upgrade—it is a strategic step toward a more inclusive, innovative, and internationally
connected higher education system.
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Abstract

This article examines generative artificial intelligence as an aesthetic phenomenon, arguing
that the image- and media-generating systems that have proliferated since the late 2010s
constitute not a rupture with the history of visual culture but an extension and intensification of
the aesthetic logic of postmodernism. Where postmodern theory described a culture defined by
pastiche, simulation, intertextuality, the collapse of the distinction between original and copy, and
the displacement of the author as the origin of meaning, generative models built on adversarial
and diffusion architectures appear to automate and operationalise precisely these conditions. The
research traces the conceptual lineage connecting the post-structuralist and postmodern theory
of Roland Barthes, Jacques Derrida, Jean Baudrillard, and Fredric Jameson to the technical
operation of contemporary generative systems, and analyses how core postmodern strategies —
deconstruction, citation, the dissolution of the aura, and the rejection of the singular author —
are materialised in machine-generated visual media. A conceptual and media-theoretical analysis
framework, presented as a systematic mapping of postmodern concepts to their generative
analogues, is applied alongside comparative case study analysis of four paradigmatic generative
art works by Refik Anadol, Mario Klingemann, and Anna Ridler, enabling identification of the
specific ways in which automation both extends and transforms the postmodern aesthetic
inheritance. Critical perspectives that contest the postmodern thesis, including Lev Manovich’s
data realism framework and arguments for the persistence of authorship, are examined alongside
the main argument. The article gives particular attention to the Azerbaijani design context,
examining how the structural underrepresentation of non-Western visual cultures in generative
training data intersects with the specific conditions of post-Soviet aesthetic transition and
emergent local generative practice. Implications for visual practitioners, design educators, and
cultural theorists are discussed.

Keywords: Generative Artificial Intelligence, Postmodern Aesthetics, Deconstruction, Automation,
Visual Media, Simulation, Authorship.
JEL Codes: 711, L82, 033

1. Introduction

The rapid emergence of generative artificial intelligence as a tool of cultural production
represents one of the most consequential developments in the recent history of visual media.
Within the space of a few years, systems capable of synthesising photorealistic images, moving
images, and graphic compositions directly from textual description have moved from research
laboratories into the everyday practice of designers, artists, advertisers, and ordinary users of
social media. The cultural and economic implications of this transformation are the subject of
intense and often polarised debate, much of which frames generative Al as an unprecedented
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break — a technological rupture that severs contemporary visual culture from everything that
preceded it.

This article advances a different argument. It proposes that generative Al, considered as
an aesthetic phenomenon, is most productively understood not as a rupture but as an extension
and intensification of the aesthetic logic of postmodernism. The conceptual vocabulary developed
by postmodern and post-structuralist theorists over the second half of the twentieth century —
pastiche, simulation, intertextuality, deconstruction, the death of the author, the collapse of the
distinction between original and copy — describes with remarkable precision the conditions that
generative systems now automate and operationalise. What postmodern theory identified as the
cultural condition of late modernity, generative Al appears to render as a technical procedure
embedded in the production of images themselves.

The relationship between generative Al and postmodern aesthetics is not merely
analogical. The two are connected by a shared underlying logic of reproduction, recombination,
and citation. Postmodern cultural production, as theorised by figures including Fredric Jameson
and Jean Baudrillard, was characterised by the exhaustion of stylistic novelty and the turn towards
the recombination of existing cultural materials; generative models, trained on vast archives of
existing images and texts, are recombinatory engines by their very architecture. They do notinvent
ex nihilo but interpolate within a statistical space derived from the totality of their training data —
a procedure that materialises, at scale and at speed, the postmodern condition of belated,
citational creativity.

This article investigates how the defining strategies of postmodern aesthetics are
extended, automated, and transformed by generative Al in contemporary visual media. It traces
the theoretical lineage connecting postmodern thought to the operation of generative systems,
presents a systematic analytical framework, analyses the deconstructive and citational operations
embedded in generative architectures, and conducts comparative case study analysis of four
paradigmatic generative art works. It also examines critical perspectives that contest the
postmodern thesis, considers the broader field of contemporary visual media, and expands at
length on the specific conditions of the Azerbaijani design context. The analysis draws on media
theory, postmodern cultural theory, the emerging critical literature on artificial intelligence and
visual culture, and primary material from generative art practice.

2. Theoretical Foundations: Postmodern Aesthetics and the Logic of Reproduction

To establish the connection between generative Al and postmodern aesthetics, it is
necessary to recall the central tenets of postmodern aesthetic theory. Postmodernism,
understood as a description of a cultural condition rather than a unified movement, emerged in
the latter decades of the twentieth century as a response to the perceived exhaustion of
modernist ideals of originality, progress, and authentic expression. Where modernism had
valorised the new, the original, and the autonomous creative subject, postmodern theory
described a culture in which these values had become increasingly untenable.

Fredric Jameson’s analysis of postmodernism as the cultural logic of late capitalism
provides one of the most influential frameworks for understanding this shift. Jameson identified
pastiche — the imitation of past styles without the satirical impulse of parody — as the
characteristic aesthetic mode of postmodern culture. In a cultural situation in which all available
styles appear already to have been invented, artistic production becomes a matter of recombining
and citing existing stylistic codes rather than generating genuinely new forms. This waning of
historical novelty and the turn towards stylistic recombination describe with uncanny accuracy the
operation of generative systems, which produce outputs by recombining learned stylistic features
rather than by originating new aesthetic languages.
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Jean Baudrillard’s theory of simulation and the simulacrum offers a second foundational
framework. Baudrillard argued that contemporary culture had entered a condition of hyperreality,
in which signs and images no longer refer to any external reality but only to other signs. The
simulacrum — a copy without an original — became, in Baudrillard’s analysis, the characteristic
object of postmodern culture. Generative Al produces precisely such simulacra: synthetic images
that refer to no real referent and that are generated entirely from the statistical patterns of prior
images. The generative image is a simulacrum in the Baudrillardian sense: a copy whose original
never existed.

Roland Barthes’ essay on the death of the author provides a third foundational text.
Barthes argued that the meaning of a text is not determined by the intentions of its author but is
produced in the act of reading, and that the figure of the author as origin and guarantor of
meaning is a historically contingent construction. The text is, for Barthes, a tissue of quotations
drawn from the innumerable centres of culture, a site where pre-existing codes are woven
together rather than an expression of individual creative intention. This conception of production
as the recombination of existing codes, rather than the expression of an originating subject,
anticipates with striking precision the operation of generative models.

Walter Benjamin’s earlier analysis of mechanical reproduction supplies an essential
historical frame. Benjamin argued that the technologies of mechanical reproduction destroyed
the aura of the work of art, its unique presence in time and space, transforming the cultural
function of the image. Generative Al extends this process to its logical conclusion: where
mechanical reproduction multiplied copies of an existing original, generative production dispenses
with the original altogether, synthesising images that are copies of nothing. Finally, Jacques
Derrida’s concept of deconstruction, and his associated notion of différance, provide the
theoretical vocabulary for understanding operations performed within generative systems: the
latent space, in which images are decomposed into recombinable features and meaning is
produced through interpolation and difference, can be understood as a technical instantiation of
the Derridean play of differences.

3. Methodology

This study employs a qualitative conceptual analysis approach, combining media-
theoretical analysis of generative systems with systematic comparative case study analysis of
selected artistic works. The analytical framework integrates three methodological strands:
theoretical-genealogical analysis, which traces the conceptual lineage connecting postmodern
aesthetic theory to the operation of generative systems; technical-conceptual analysis, which
examines how the architecture and operation of generative models instantiate aesthetic
principles; and critical-practical analysis, which applies the derived framework to specific works
and considers critical perspectives that contest the principal thesis.

Table 1 presents the full analytical framework applied in this study, mapping the principal
postmodern aesthetic concepts to their theoretical sources and their identified generative Al
analogues. This framework is used as the analytical basis for both the deconstructive and
authorship sections (Sections 4 and 5) and the case study analyses (Section 7). The framework
does not claim that the relationship between each postmodern concept and its generative
analogue is one of identity; rather, it argues for structural and operational homology — a shared
logical form that justifies treating generative production as the technical operationalisation, rather
than the mere metaphorical equivalent, of postmodern aesthetic principles.
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Table 1. Analytical framework mapping postmodern aesthetic concepts to generative Al

operations
Postmodern Theorist
Concept
Pastiche Jameson
(1991)
Simulacrum /  Baudrillard
Hyperreality (1994)
Death of the Barthes
Author (1977)
Deconstruction Derrida
/ Différance (1976)
Loss of the Benjamin
Aura (2008)
Intertextuality  Barthes
(1977)
Irony / Self- Hutcheon
reflexivity (1989)

Core Principle

Stylistic recombination
without satirical intent;
exhaustion of historical
novelty

Copy without original; sign
systems referring only to
other signs; collapse of the
real-representation
distinction

Meaning produced in reading,
not by authorial intention;
text as tissue of cultural
guotations

Meaning as endless deferral
through difference;
dismantling of stable textual
structures

Mechanical reproduction
destroys the unique presence
and authenticity of the
original work

Every text constituted by
traces of prior texts; meaning
emerges from web of cultural
references

Critical distance from
representational conventions;
foregrounding of the
constructed status of the
artefact

Generative Al Analogue

Style-conditioned generation;
‘in the style of’ prompting;
model fine-tuning

Photorealistic synthesis with no
referent; deepfake production;
originless image generation

Prompt-driven generation;
distributed authorship across
model, trainer, prompter;
intertextual training corpus

Latent space decomposition;
interpolation between image
representations; no stable
image identity

Generative synthesis produces
images with no auratic origin;
copy structurally precedes
original

Training corpus as exhaustive
intertext; every output
recombines abstracted features
of prior works

Glitch and artifact aesthetics;
deliberate foregrounding of
synthetic origin; reflexive Al art
practice

The technical systems examined include the principal architectures that have driven the
generative turn in visual media: generative adversarial networks, introduced by Goodfellow and
colleagues in 2014, and latent diffusion models, exemplified by the Stable Diffusion architecture
introduced by Rombach and colleagues in 2022. These architectures are examined at the level of
their aesthetic and conceptual operation — the ways in which they decompose, recombine, and
synthesise visual material — rather than at the level of mathematical detail.

The corpus for case study analysis was selected to represent diversity of generative
approaches, institutional contexts, and positions with respect to the principal thesis. Selection
criteria prioritised works with documented scholarly or critical reception, works that employ
distinct generative architectures, and works that illuminate both the postmodern aesthetic thesis
and its critical limits. The four works examined are: Refik Anadol’s Machine Hallucinations (2019)
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and Unsupervised (2022), Mario Klingemann’s Memories of Passersby | (2018), and Anna Ridler’s
Mosaic Virus (2018-2019).

4, Deconstructive Operations in Generative Al

4.1 The Latent Space as a Field of Deconstruction

The latent space is the conceptual and technical heart of contemporary generative
systems, and it is also the site at which the deconstructive logic of generative production is most
clearly visible. In a generative model, the latent space is a high-dimensional mathematical space
in which the features of the training data are represented in compressed, abstracted form. Images
are not stored in this space as discrete pictures but are dissolved into distributions of features —
edges, textures, colours, shapes, and higher-order combinations — from which new images can
be synthesised through sampling and interpolation.

This decomposition of the image into recombinable features enacts, in technical form, the
deconstructive operation that postmodern artists and designers pursued by manual means.
Where the deconstructive designer dismantled the conventional structures of the image to expose
their constructed character and to open them to recombination, the generative model performs
this dismantling automatically and at the level of statistical abstraction. The image, in the latent
space, has no integrity as a unified representation; it exists only as a point in a continuous space
of possible recombinations, surrounded by infinitely many neighbouring images into which it can
be smoothly transformed.

The practice of latent space interpolation — generating sequences of images that morph
continuously between two points in the latent space — makes this deconstructive condition
visible. Such interpolations reveal that there is no stable boundary between distinct images, no
fixed identity that resists transformation, only a continuous field of difference across which forms
flow into one another. This is a precise visual instantiation of the Derridean conception of meaning
as the play of difference, in which no term is fully self-identical but is constituted only through its
differential relations to other terms.

A note of caution is warranted here. The Derridean concept of deconstruction involves a
critical reflexivity — an awareness of the operations being performed and their implications for
the stability of meaning — that generative systems do not possess. When a postmodern designer
deconstructs a text, the act is intentional and self-aware; when a generative model decomposes
an image into latent features, there is no awareness, no critical intent. The structural homology
between deconstruction and latent decomposition is genuine, but it does not make the generative
system a deconstructive agent in the full philosophical sense.

4.2 Pastiche, Style Transfer, and the Automation of Citation

If pastiche is the characteristic aesthetic mode of postmodern culture, as Jameson argued,
then generative Al is the apparatus of its automation. The capacity of generative models to
produce images in the style of a named artist, movement, or period — to synthesise an image
bearing the visual characteristics of Impressionism, of a particular photographer, or of a
recognisable graphic tradition — constitutes the technical realisation of pastiche as an
operationalised procedure. The user specifies a stylistic code; the model recombines the features
associated with that code to produce a new instance that cites the style without belonging to its
historical moment.

This automation of citation has profound consequences for the postmodern aesthetic of
historical recombination. Where the postmodern artist or designer engaged in citation as a
deliberate, laborious, and selective practice — choosing references, combining them with critical
or ironic intent, and bearing the marks of individual judgement — the generative model performs
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citation as a frictionless, instantaneous, and exhaustive operation. Every output is a pastiche, a
recombination of cited stylistic features, but the citation is performed without deliberation,
without irony, and without the selective intelligence that characterised postmodern citational
practice. The result might be termed pastiche degree zero: citation evacuated of the critical and
selective dimension that distinguished postmodern recombination from mere stylistic
reproduction.

The technique of style transfer, in which the stylistic features of one image are applied to
the content of another, makes this operation explicit. Style transfer treats style as a detachable,
transferable quality — a set of features that can be extracted from any image and applied to any
other — and in doing so it confirms the postmodern intuition that style is a code rather than an
essence. The generative model does not possess a style of its own; it has access to all styles as
equally available, equally citable codes, recombining them without the selective awareness that
gives postmodern citation its critical force.

4.3 The Dissolution of the Original and the Aura

The generative image poses in acute form the question of the original that has preoccupied
aesthetic theory since Benjamin. A photograph, however widely reproduced, refers to an original
scene that existed before the camera; a printed reproduction of a painting refers to an original
painting that exists somewhere. The generative image refers to no such original. It is synthesised
from the statistical patterns of a training corpus, depicting a scene that never occurred, assembled
from features abstracted from millions of prior images. It is, in Baudrillard’s terms, a pure
simulacrum — a copy without an original, a representation with no referent.

This dissolution of the original carries Benjamin’s analysis of the aura to its terminus.
Benjamin argued that mechanical reproduction stripped the work of art of its aura, its unique
presence in time and space, by multiplying copies that could be encountered anywhere and
everywhere. But the mechanically reproduced image still referred to an auratic original, however
distant. The generative image has no auratic origin to lose, because it never possessed an original
presence. It is born as reproduction, a copy that precedes and dispenses with any original. The
aura is not destroyed but rendered structurally impossible.

Boris Groys (2008) has proposed a significant counter-argument to this position. Groys
contends that in the digital era, copying does not destroy aura but can produce it: the unique
specification of a generative prompt, resulting in a singular output, may itself constitute a form of
singular presence in the digital flow of images. The auction sale of Mario Klingemann’s Memories
of Passersby | (2018) — a generative machine that produces faces endlessly and without repetition
— as a unique art object at Sotheby’s in 2019 illustrates this paradox: the machine that produces
infinite, authorless images was itself sold as an auratic, singular object. This reversal of Benjamin’s
analysis does not refute the simulacrum condition of the individual generated image but it
indicates that the institutional and commercial systems of art are developing mechanisms to
relocate aura within the generative apparatus itself.

4.4 The Glitch, the Artifact, and the Aesthetics of Imperfection

The characteristic visual artifacts of generative production — the malformed hands, the
impossible architectures, the melting and merging of forms, the uncanny distortions that betray
the synthetic origin of an image — have given rise to a distinctive aesthetic that extends the
postmodern embrace of imperfection, error, and the visible marks of mediation. Where modernist
aesthetics pursued seamless perfection and the effacement of the production process,
postmodern practice often foregrounded the glitch, the seam, and the artifact as means of
exposing the constructed character of the image and resisting the illusion of transparent
representation.
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The artifacts of generative production perform a similar function, though without
deliberate intent. The distorted hand or the impossible reflection reveals the image as a synthetic
construction, a statistical artifact rather than a window onto reality, and in doing so enacts the
postmodern critique of representational transparency. A growing body of artistic practice has
embraced these artifacts deliberately, cultivating the characteristic distortions of generative
production as an aesthetic resource and foregrounding the synthetic, computational origin of the
image rather than concealing it.

This embrace of the generative artifact connects to a longer lineage of glitch aesthetics in
digital art, in which the malfunction and the breakdown of the technical system are valued as
moments at which the invisible operation of the medium becomes perceptible. The generative
artifact is a glitch in this sense: a point at which the statistical machinery of synthesis reveals itself
as machinery. In foregrounding these moments, generative art practice extends the postmodern
project of rendering the medium visible and contesting the illusion of unmediated representation.

5. Automation and the Reconfiguration of Authorship

5.1 The Death of the Author and the Birth of the Prompter

Barthes’ announcement of the death of the author finds an unexpected literalisation in
generative production. The generative image has no author in the conventional sense — no
individual creative subject whose intentions and skills are expressed in the work. The image is
produced by a model trained on the work of countless prior creators, none of whom can claim
authorship of any particular output, in response to a prompt supplied by a user who has not made
the image in any traditional sense. The originating subject that Barthes sought to displace is, in
generative production, genuinely absent.

In place of the author, generative production installs a new figure: the prompter, whose
creative agency consists not in the making of the image but in the specification of the textual
description from which the model synthesises it. The emergence of prompt engineering as a
recognised practice — the development of skill in composing textual prompts that elicit desired
outputs — represents the reconstitution of creative agency around the act of specification rather
than the act of making. The prompter does not draw, paint, or photograph; the prompter
describes, and the model executes. This redistribution of creative agency realises, in concrete
institutional and technical form, the dispersal of authorship that postmodern theory described.

5.2 Intertextuality at Scale

Intertextuality — the condition of every text carrying within it traces of other texts — is, in
generative production, not merely a property of the finished work but the very principle of its
construction. The generative model is trained on a corpus comprising millions or billions of images
and texts, and every output it produces is a recombination of patterns abstracted from this corpus.
The generative image is intertextual in the most literal and exhaustive sense: it is woven entirely
from the traces of prior images, with no thread that does not derive from the training data. The
tissue of quotations that Barthes saw in every text becomes, in the generative image, the entire
fabric.

The political and ethical implications of this condition have become the subject of intense
contestation. The training of generative models on vast corpora of existing creative work,
frequently gathered without the consent or compensation of the original creators, has provoked
widespread concern about the appropriation of creative labour. Legal actions including Getty
Images v. Stability Al (2023) and Andersen v. Stability Al (2023) reflect a cultural and legal
insistence on treating the training corpus not as an anonymous intertext but as a collection of
individually authored works. The intertextuality that postmodern theory celebrated as a liberation
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from the myth of originality reappears, in the generative context, as a mechanism of
appropriation, raising questions about the relationship between the recombinatory aesthetics of
postmodernism and the economic conditions of cultural production that postmodern theory often
left unexamined.

5.3 Simulation, Hyperreality, and the Synthetic Image

The proliferation of synthetic images indistinguishable from photographs realises
Baudrillard’s hyperreality as a pervasive condition of contemporary visual culture. When images
depicting events that never occurred and persons who never existed circulate alongside
documentary images, and when the two become perceptually indistinguishable, the relationship
between the image and reality that grounded the documentary tradition is fundamentally
destabilised. The synthetic image does not lie about reality so much as dispense with reality as a
referent altogether, producing a hyperreal visual environment in which the question of what is
real becomes increasingly difficult to pose.

The phenomenon of the deepfake — the synthetic manipulation of images and video to
depict real persons saying or doing things they never said or did — represents the most acute
manifestation of this condition. The deepfake is a simulacrum that masquerades as
documentation, borrowing the evidentiary authority of the photograph while severing the
connection to reality on which that authority depended. The widespread anxiety provoked by
deepfakes reflects a recognition that the photographic regime of truth — the assumption that an
image documents a reality that existed before the camera — has been rendered untenable by
generative synthesis. This condition extends and intensifies the postmodern destabilisation of the
real that Baudrillard described, but it also introduces political and epistemic dangers that the
playful postmodern celebration of the simulacrum was not equipped to address.

6. Critical Perspectives and Alternative Frameworks

6.1 Data Realism and the Limits of the Postmodern Analogy

The most substantial challenge to the postmodern thesis advanced in this article comes
from Lev Manovich’s concept of ‘data realism’, developed in his work on Al aesthetics. Manovich
argues that Al does not operate through irony, historical self-consciousness, or the deliberate
citation that defines postmodern aesthetics; rather, it operates through statistical averaging,
which produces something closer to a probabilistic representation of existing visual culture than
to a critically reflexive recombination of its codes. The generative model’s outputs are not pastiche
in Jameson’s sense, because pastiche implies a knowing relationship to the styles being imitated;
the model is indifferent to the cultural meaning of the styles it recombines, treating Baroque
painting, Instagram photography, and Soviet propaganda posters as equally weighted statistical
samples in the same training distribution.

This distinction matters for the broader argument. Postmodernism is characterised not
only by the structural condition of recombination but by a reflexive awareness of its own citational
condition — an ironic self-consciousness that Hutcheon (1989) identifies as the defining rhetorical
mode of postmodern cultural production. Generative systems have no such self-consciousness;
they do not cite ironically but recombine statistically. Manovich’s critique suggests that the
postmodern framework may be a productive heuristic for understanding the cultural effects of
generative Al without being fully adequate to the technical conditions of its production.
Generative Al may extend postmodern aesthetics at the level of cultural output while operating
by a fundamentally different logic at the level of production.

A further challenge comes from the concept of the post-digital, developed by Florian
Cramer (2014). Cramer argues that the opposition between analogue and digital, original and
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reproduction, human and machine production that structured both modernist and postmodern
cultural theory has been rendered obsolete; the post-digital condition is not one in which these
oppositions are deconstructed or played with, but one in which they have ceased to organise
cultural experience at all. In this framework, generative Al may represent not the culmination of
postmodernism but its historical supersession: a condition in which the postmodern game of
citations and simulations has been automated to the point of invisibility, and in which the critical
reflexivity on which postmodernism depended is no longer structurally available.

6.2 The Persistence of Authorship and Legal Contestation

The legal contestation of generative Al has produced a striking practical counter-argument
to the death of the author. Legal actions brought by artists and copyright holders against
developers of generative systems — including Getty Images’ suit against Stability Al and the class
action brought by visual artists including Sarah Andersen and Kelly McKernan — insist that the
training corpus constitutes a collection of individually authored works rather than an anonymous
intertext. In these legal framings, the death of the author is not only philosophically premature
but legally impermissible: the law continues to recognise individual creative labour as the origin of
protected expression, and the use of that labour to train generative systems without consent or
compensation is treated as a form of appropriation.

Aaron Hertzmann’s (2018) philosophical argument that computers cannot create art in the
full sense — that generative systems function as media through which human creative agency
operates, rather than as autonomous creative agents — offers a further challenge to the death-
of-the-author argument. On this account, the prompter’s agency, however transformed,
constitutes a form of authorship, and the generative system is better understood as a highly
sophisticated instrument than as an autonomous producer. The emergence of prompt
engineering as a professional practice, and the legal recognition of prompt authorship in some
jurisdictions, suggests that the death of the author in generative production may be less
thoroughgoing than the postmodern thesis implies.

6.3 Post-Digital and Synthetic Realism as Competing Frameworks

Beyond the data realism and post-digital frameworks, a further alternative is what might
be called synthetic realism: the observation that photorealistic generative images, despite their
lack of a real referent, function culturally as representations of reality. Viewers routinely mistake
synthetic images for photographs, and the cultural authority attached to photographic images is
in practice transferred to synthetic ones, even in the absence of the evidentiary connection that
grounds that authority. This suggests not the Baudrillardian condition of hyperreality — a
condition of liberated simulation in which the distinction between representation and reality
collapses playfully — but a condition of systematic epistemic destabilisation in which the cultural
machinery of documentary truth continues to function even as its technical preconditions are
dissolved.

These competing frameworks do not refute the postmodern thesis but indicate its limits.
The argument advanced in this article is not that generative Al is postmodern in all respects, but
that the postmodern conceptual vocabulary provides the most productive available framework
for understanding its aesthetic dimensions. Recognising the limitations of this framework — the
absence of reflexivity, the statistical rather than ironic character of recombination, the legal and
cultural persistence of authorship, and the specific dangers introduced by epistemic
destabilisation — is essential to its responsible application.
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7. Case Study Analysis: Selected Generative Art Works

7.1 Selection Criteria and Analytical Framework

The four works examined in this section were selected to represent diversity of generative
architectures, institutional contexts, artistic approaches, and positions with respect to the
principal thesis. Machine Hallucinations (2019) and Unsupervised (2022) by Refik Anadol
represent large-scale institutional generative work that enacts the simulation and intertextuality
theses while raising questions about spectacularisation. Memories of Passersby | (2018) by Mario
Klingemann represents a critical engagement with authorship and the portrait tradition. Mosaic
Virus (2018-2019) by Anna Ridler represents a methodologically distinctive practice that directly
addresses the opacity of training data and reasserts human curatorial labour within the generative
process. Table 2 summarises the principal analytical dimensions of each work.

Table 2. Comparative case study analysis of selected generative art works

Artist

Refik Anadol

Refik Anadol

Mario
Klingemann

Anna Ridler

Work

Machine
Hallucinations

Unsupervised

Memories of

Passersby |

Mosaic Virus

Year

2019

2022

2018

2018-
2019

Primary Postmodern
Strategy

Simulation/sublime:
urban image database
rendered as generative
latent environment;
hyperreal data
visualisation

Intertextuality at
institutional scale:
MoMA's archive as
generative corpus; art
history as latent space

Death of the Author:
infinite portrait
generation with no
singular subject; faces
derived from art-
historical corpus

Pastiche/intertextuality
with explicit labour:
curated dataset of
10,000 personally
photographed tulips;
outputs linked to bitcoin
price

Critical Note

Criticised for
aestheticising
computation without
interrogating
conditions of data
collection (Zylinska,
2020)

Institutional
deployment at MoMA
reproduces canonical
authority even as it
formally contests
hierarchies

Sold at auction as
unique ‘machine’
object, paradoxically
reasserting auratic
singularity of the
apparatus

Directly contests
training data opacity;
reasserts human
curatorial labour within
generative process

7.2 Refik Anadol: Machine Hallucinations (2019) and Unsupervised (2022)
Machine Hallucinations was first exhibited as a large-scale public installation in New York’s
Times Square in 2019. The work processes a dataset of approximately 200 million publicly available
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images of New York’s urban environment, using a custom deep learning architecture to generate
a continuously evolving visual field that the artist describes as the machine’s ‘dream’ of the city it
has learned. The result is a luminous, abstract flux of colour, texture, and form in which
architectural and urban elements are visible but constantly dissolving and reforming, held in a
permanent state of latent recombination.

From the analytical framework of Table 1, Machine Hallucinations enacts simulation in the
Baudrillardian sense: the city exists in the work not as representation but as data, and the output
bears no indexical relationship to any specific moment or location in New York. It is a pure
simulacrum of the urban environment, generated from its statistical regularities rather than from
any particular scene. At the same time, the work enacts the latent space as a field of
deconstruction: the urban image is dismantled into its constituent features and held in a state of
perpetual recombination, with no stable image identity persisting between one moment and the
next. The immersive scale of the installation — designed for public space and large institutional
environments — produces what might be described as a generative sublime, overwhelming the
viewer with the visual evidence of data processed at scales that exceed human imaginative
capacity.

Unsupervised, exhibited at the Museum of Modern Art in New York from November 2022
to March 2023, extends this approach to the domain of art history. The work trains a custom
generative model on approximately 200 years of the works in MoMA’s permanent collection,
producing outputs that respond in real-time to the presence and movement of visitors in the
gallery. The postmodern dimension of the work is unusually explicit: the museum’s canonical
collection — the institutionalised, hierarchical archive of Western modern art — becomes the
latent space from which the generative system synthesises new visual material that is continuous
with, yet radically different from, the works it has learned. Art history is treated as a statistical
distribution to be sampled rather than as a canon to be reproduced or contested.

The critical reception of Anadol’s work has been divided. Sympathetic accounts emphasise
its capacity to render data as sensory experience, making visible the computational infrastructure
that shapes contemporary visual culture (Zylinska, 2020). Critical accounts, including those
associated with socially engaged Al art practice, question whether the work’s spectacular visual
gualities serve to aestheticise computation and institutional authority rather than to interrogate
either. The deployment of Unsupervised within MoMA is particularly complex: the institutional
aura of the museum is not dissolved by the generative work but transferred to it, positioning the
simulated outputs within a framework of canonical cultural authority that the postmodern formal
strategy might seem to contest. This tension — between the formal logic of the work and its
institutional context — illustrates the limits of reading generative art practice through an
exclusively aesthetic framework, and suggests the necessity of the critical perspective developed
in Section 6.

7.3 Mario Klingemann: Memories of Passersby | (2018)

Memories of Passersby | is a self-contained generative installation consisting of two
opposing screens on which a continuously operating GAN network, trained on historical portrait
paintings, generates an unending stream of faces: human physiognomies that have never existed,
derived from the statistical patterns of centuries of portraiture. The faces are technically
convincing, occupying the visual register of old master painting, yet belong to no historical subject
and express no personality, memory, or identity. The installation operates without human
intervention; once activated, it continues generating faces indefinitely.

The work’s engagement with the death of the author is direct and structurally explicit. The
faces generated are portraits without sitters: the painterly convention of the portrait, which from
the Renaissance onwards has functioned as the visual inscription of individual identity and social
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presence, is maintained as a formal structure while its referential content is emptied. Every face
is a citation of the portrait tradition in the Jamesonian sense — a formal recombination of painted
portraiture’s visual codes without the original sitter, and therefore without the original
relationship between depiction and depicted that grounds the portrait as a genre. The endlessness
of the generation, and the impossibility of identifying any individual face as primary or original,
enacts the condition described by Barthes’ metaphor of the tissue of quotations: the faces are
citations drawn from a vast corpus with no individual originating presence.

The work’s sale at Sotheby’s London in March 2019 — the first sale of an Al artwork at a
major auction house — introduced a productive paradox. The object sold was the machine itself,
a unique physical apparatus that generates infinite, non-repeating outputs. In selling the machine
as a unique work, the market reasserted auratic singularity at the level of the generating apparatus
even as the outputs themselves lack aura in Benjamin’s sense. This commercial transaction
illustrates Groys’ (2008) argument that digital culture finds new locations for aura rather than
abolishing it, and it suggests that the postmodern dissolution of the auratic original is never
complete: the art market, and the cultural systems that depend on attributing singular value to
unique objects, develop mechanisms to relocate aura even within conditions of infinite automated
production.

7.4 Anna Ridler: Mosaic Virus (2018-2019)

Mosaic Virus occupies a distinctive position among the works examined here because it
directly interrogates the process of dataset construction that other generative practitioners
typically leave opaque. Ridler personally photographed 10,000 tulips, hand-labelling each image
to construct the training dataset used to fine-tune a StyleGAN network. The resulting generative
system produces continuously evolving tulip images whose appearance — the degree to which
the flowers are open or closed, bright or pale — is controlled by the real-time price of bitcoin. The
title refers simultaneously to the tulip mosaic virus, which causes the irregular streaking of tulip
petals that made them particularly prized during the Dutch tulip mania of the seventeenth
century, and to the visual artefacts produced by the GAN training process.

The work enacts postmodern intertextuality with an unusual degree of historical self-
consciousness. The tulip functions as a richly overdetermined symbol, carrying within it the history
of Dutch Golden Age floral painting, the first speculative financial bubble in modern history, and
the contemporary speculation of the cryptocurrency market; the generative image brings these
temporal layers into a single visual field, producing exactly the kind of knowing historical citation
that characterises postmodern pastiche at its most analytically engaged. Unlike the frictionless
stylistic recombination of commercial generative systems, Ridler’s citation is laboured, selected,
and conceptually motivated — it retains the critical selectivity that distinguishes postmodern
citation from mere stylistic reproduction.

The methodological significance of Ridler’s practice for the broader argument of this article
lies in its demonstration that the intertextual fabric of the generative image can be made visible
and accountable. By constructing and documenting her own training dataset, Ridler makes legible
the labour and selectivity that commercial generative systems conceal behind the opacity of their
training corpora. This transparency functions as a critique of both the standard practice of
generative Al development and the postmodern tendency to celebrate intertextuality without
attending to the conditions of its production. Mosaic Virus suggests that a critical generative
practice is possible — one that employs the technical apparatus of generative production while
retaining the reflexive self-awareness that postmodern theory identified as the condition of
authentic critical practice.
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8. Generative Al in Contemporary Visual Media

The deployment of generative Al across the field of contemporary visual media has been
rapid and pervasive, extending from artistic practice through commercial design, advertising, film
and television production, and the everyday visual culture of social media. This diffusion has had
a complex and paradoxical relationship with the postmodern aesthetic logic that generative
systems extend, simultaneously democratising and homogenising the production of visually
complex imagery.

On one hand, generative tools have dramatically extended the capacity to produce
sophisticated visual material, making techniques of image synthesis, stylistic recombination, and
visual complexity accessible to a vastly larger community of producers than ever before. The
democratisation of image production through generative tools fulfils, in one sense, a postmodern
promise of the dispersal of cultural authority and the proliferation of voices. This extends the
trajectory that Lev Manovich identified in the language of new media, in which the computer
transforms the production and circulation of cultural objects.

On the other hand, the ready availability of generative tools has produced a new and acute
version of the problem of aesthetic homogenisation. The characteristic visual signature of
mainstream generative systems — the particular qualities of lighting, composition, texture, and
finish that mark an image as the product of a popular generative model — has produced a
recognisable and increasingly ubiquitous Al aesthetic that threatens to homogenise visual culture
even as it democratises production. Where postmodern citation mobilised the diversity of
historical styles to contest the universalism of modernist design, generative production tends
towards a statistical mean, a most-probable image that reflects the central tendencies of its
training distribution. The pluralism that postmodern aesthetics championed risks being
supplanted by a new homogeneity grounded in the statistical structure of the training data and
the optimisation objectives of the model.

Social media platforms, and image-sharing applications in particular, have become major
sites for the dissemination and development of contemporary generative aesthetics. The
platform’s image-first, rapid-consumption format has shaped a distinctive visual culture
characterised by high-contrast, bold compositions that perform visual complexity while remaining
legible and impactful at small screen sizes. This screen-adapted generative aesthetic represents a
significant evolution of the tradition, shaped by the constraints and affordances of digital
distribution rather than fine art or print production contexts, and it constitutes a further mutation
of the postmodern condition that design theory is only beginning to address.

9. Azerbaijan and the Post-Soviet Generative Turn

9.1 Visual Heritage, Training Data, and Cultural Representation

The dominant training datasets for contemporary image generation — including LAION-5B
and similar large-scale web-sourced corpora — are overwhelmingly assembled from English-
language web content and repositories reflecting the digitisation priorities of Western cultural
institutions. This structural bias means that generative models trained on these datasets are
systematically unable to generate culturally authentic representations of non-Western visual
traditions. Azerbaijani visual culture is among the traditions particularly vulnerable to this
underrepresentation, with consequences that bear directly on the claims of the postmodern
pluralist thesis.

The ornamental and geometric traditions of Azerbaijani carpet design — comprising
distinct regional styles including the Guba, Shirvan, Karabakh, Baku, and Ganja carpet traditions,
each with its own vocabulary of motif, colour, and compositional logic — represent a visual
language of extraordinary sophistication developed over many centuries. This language is
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essentially absent from standard generative training datasets, with the consequence that
generative systems cannot produce culturally authentic Azerbaijani ornamental imagery; stylistic
prompts relating to these traditions yield outputs that conflate Azerbaijani with generically
‘Middle Eastern’ or ‘Persian’ visual codes, flattening a highly differentiated visual heritage into a
statistical composite drawn from the dominant visual cultures represented in the training data.
The tradition of Islamic calligraphy as practised in the South Caucasian context, and the distinct
miniature painting traditions that flourished in the region, are similarly marginalised (Blair, 2006).

This situation illustrates the central paradox of the postmodern pluralist promise in its
generative automation. The postmodern project of challenging the cultural imperialism implicit in
universalist design ideologies — the assertion that modernism’s universal visual language was in
practice the visual language of a particular European tradition — is in principle extended by the
pluralism of generative style. In practice, however, the pluralism of generative production reflects
the pluralism of its training data, which in turn reflects the historically determined inequalities of
cultural digitisation. Scholars including Crawford (2021) and Bender and colleagues (2021) have
identified these structural biases as central to the politics of Al; in the visual domain, they
constitute a form of representational imbalance in which the statistical averaging of training data
marginalises non-dominant visual cultures. The generative system that appears to offer access to
all styles is, in practice, a system that offers access to those styles most extensively represented in
digitised Western archives.

9.2 Post-Soviet Aesthetic Transition and the Digital Visual Field

Azerbaijan’s post-independence visual culture (from 1991) has been shaped by a complex
layering of aesthetic influences that makes it, in certain respects, an unusually rich site for the
analysis of postmodern aesthetic conditions. Soviet visual culture imposed a form of enforced
aesthetic modernism: the doctrine of socialist realism produced a coherent and systematically
enforced aesthetic programme that shaped the visual language of design, art, and public space
across the Soviet period. This aesthetic programme constituted a kind of state-sponsored
modernism, and its collapse in 1991 produced precisely the conditions of postmodern plurality —
the simultaneous availability of multiple, incompatible aesthetic codes without the authority of a
dominant ideology to organise them — that postmodern theory had described as the condition of
late Western capitalism.

The post-Soviet transition brought rapid adoption of global commercial design aesthetics,
mediated by the simultaneous transition from Cyrillic to Latin script (officially completed in the
mid-1990s), which introduced a fundamental typographic and visual reconfiguration of the public
sphere. In this context, postmodern aesthetics arrived in Azerbaijan not as a European luxury but
as a practically useful framework for navigating the plurality of coexisting visual codes — Soviet
and post-Soviet, vernacular and international, Cyrillic and Latin, Islamic and secular — that defined
the post-independence visual environment. The Azerbaijani designer of the post-Soviet period
was, in a structural sense, always already postmodern, inhabiting a visual culture defined by the
simultaneous citation of multiple, incompatible historical registers without the authority of a
unifying ideology to resolve their contradictions.

This historical context gives particular force to the postmodern dimensions of generative
Alinthe Azerbaijani setting. A generative system trained on Azerbaijani visual material would need
to hold in its latent space not only the carpet patterns and miniature traditions of the pre-Soviet
period but the socialist realist murals, Soviet typographic conventions, and propaganda aesthetics
of the Soviet period, together with the global commercial design vocabulary of the post-
independence era. The latent space of such a system would enact, at the level of statistical
representation, the cultural layering that Azerbaijani visual culture has lived as historical
experience. This convergence of the technical condition of the latent space and the historical
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condition of post-Soviet cultural plurality suggests that generative Al, applied to the Azerbaijani
visual archive, would produce not generic hyperreal imagery but a culturally specific articulation
of the postmodern condition.

9.3 Emergent Generative Practice in the Azerbaijani Context

While the scholarly documentation of Azerbaijani generative art and design practice
remains nascent — reflecting both the relative recency of generative tools and the
underrepresentation of the South Caucasian region in international design scholarship — there
are clear indications of an emergent engagement with generative tools among the younger
generation of designers educated at institutions including Azerbaijan State University of
Economics, the Azerbaijan State University of Culture and Arts, and internationally oriented
institutions such as ADA University. This generation inherits the complex visual culture described
in Section 9.2 and is simultaneously positioned within the global digital design culture through
which generative tools have been disseminated.

The specific challenges of working with generative systems in the Azerbaijani context are
both technical and cultural. At the technical level, the limitations of existing training data described
in Section 9.1 mean that working productively with commercially available generative models
requires either accepting the cultural biases embedded in those models or undertaking the
substantial labour of constructing culturally specific training datasets. The precedent of Anna
Ridler’'s Mosaic Virus (examined in Section 7.4) is instructive here: the deliberate curation of a
culturally specific training dataset is not merely a technical expedient but a conceptually and
artistically productive practice in its own right. A generative system trained on a carefully curated
dataset of Azerbaijani carpet patterns, Soviet-era graphic design, and contemporary Azerbaijani
visual material would constitute not only a design tool but an artistic and archival project, creating
computational representations of visual traditions that are currently inadequately represented in
global digital archives.

At the cultural level, the multilingual and multiscript character of Azerbaijani visual
communication — designing for Azerbaijani (Latin), Russian (Cyrillic), and English-speaking
audiences simultaneously, and navigating between Islamic ornamental traditions, Soviet aesthetic
heritage, and global digital design culture — is precisely the kind of complex, culturally layered
condition that postmodern aesthetic plurality is best equipped to address. Generative tools,
applied reflectively and with cultural specificity, offer the Azerbaijani visual practitioner a means
of engaging with this complexity as a resource rather than managing it as an obstacle. The
development of a culturally grounded Azerbaijani generative practice would thus constitute a
contribution not only to local design culture but to the global critical literature on generative Al,
demonstrating that the postmodern aesthetic logic of generative systems can be articulated in
culturally specific rather than universally homogenising terms.

The engagement of Azerbaijani designers and artists with generative tools participates in
a global negotiation between the homogenising and pluralising tendencies of generative
production that is being conducted simultaneously in many non-Western cultural contexts. The
outcomes of this negotiation — whether generative Al proves to be a further mechanism of
cultural homogenisation or a genuinely pluralising tool in the hands of practitioners who bring
culturally specific visual knowledge to its application — will depend significantly on whether the
technical infrastructure of generative Al, including training data, model development priorities,
and the economics of access, is reformed to support the representation of non-dominant visual
cultures. The Azerbaijani context, with its rich visual heritage and its position at the intersection
of multiple historical and cultural currents, represents a significant and underexplored site for this
negotiation.
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10. Implications for Practice, Pedagogy, and Cultural Theory

The analysis of generative Al as an extension of postmodern aesthetics, qualified by the
critical perspectives examined in Section 6 and the cultural specificity examined in Section 9,
carries significant implications for visual practice, design education, and cultural theory. For
practitioners, the central challenge is to engage with generative tools not as neutral instruments
for the efficient production of images but as an apparatus that embeds specific aesthetic and
conceptual logics — along with specific structural biases concerning the representation of cultural
traditions — and to develop critical and reflexive modes of practice that mobilise the generative
apparatus towards meaningful ends rather than defaulting to its statistical tendencies.

For design and art educators, the analysis suggests that the integration of generative tools
into curricula must be accompanied by critical engagement with their aesthetic, conceptual, and
political dimensions. Students who understand the lineage connecting generative production to
the postmodern aesthetics of pastiche, simulation, and the dispersal of authorship — but who also
understand the critical perspectives that contest this lineage, and the cultural and political
conditions that shape what generative systems can and cannot represent — are better positioned
to deploy generative tools as reflective practitioners than students who encounter these tools
merely as efficient means of image production. The pedagogical framework developed from this
analysis suggests a generative literacy that encompasses theoretical foundations, critical
perspectives, technical understanding, and cultural specificity in equal measure.

For cultural theory, generative Al poses the question of whether the conceptual vocabulary
of postmodernism remains adequate to the conditions it has helped to produce, or whether the
automation and intensification of postmodern aesthetic logics by generative systems calls for new
theoretical resources. The tensions that generative production introduces — concerning the
appropriation of creative labour, the political economy of training data, the environmental costs
of computation, the homogenisation of visual culture, and the underrepresentation of non-
Western visual traditions — exceed the frame of the aesthetic analysis with which postmodern
theory was primarily concerned, and demand an engagement with the material, economic, and
political conditions of generative production that postmodern aesthetics often deferred. The
critical literature on artificial intelligence developed by scholars including Crawford (2021) and
Bridle (2018) represents an essential supplement to postmodern aesthetic theory, situating the
aesthetic phenomena analysed in this article within the material and political conditions of their
production.

11. Conclusion

Generative artificial intelligence represents not a rupture with the history of visual culture
but the automation and intensification of the aesthetic logic of postmodernism. This article has
argued that the core strategies and conditions identified by postmodern aesthetic theory —
pastiche, simulation, intertextuality, deconstruction, the dissolution of the original, and the
dispersal of authorship — are materialised, operationalised, and intensified by generative systems
built on adversarial and diffusion architectures. An analytical framework mapping these
postmodern concepts to their generative analogues was presented in Table 1 and applied in both
the theoretical and the empirical dimensions of the analysis.

The case study analysis of four paradigmatic works — Anadol’s Machine Hallucinations and
Unsupervised, Klingemann’s Memories of Passersby |, and Ridler’s Mosaic Virus — demonstrated
the range of ways in which generative art practice engages with the postmodern aesthetic thesis.
Anadol’s work enacts simulation and intertextuality at institutional scale; Klingemann’s work
literalises the death of the author and produces a paradoxical reassertion of auratic singularity
through commercial transaction; Ridler’s work demonstrates that critical generative practice is
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possible — one that employs the technical apparatus of generative production while retaining the
reflexive self-awareness that distinguishes postmodern practice from mere stylistic reproduction.

The critical perspectives examined in Section 6 — Manovich’s data realism framework, the
legal and philosophical arguments for the persistence of authorship, and Cramer’s post-digital
thesis — indicate the limits of the postmodern analogy and the necessity of supplementing it with
critical resources adequate to the specific conditions of generative production. The analysis of the
Azerbaijani context in Section 9 extended these critical resources to the domain of cultural politics,
demonstrating that the structural biases of generative training data reproduce the inequalities of
cultural digitisation, and that the realisation of the postmodern pluralist promise in generative
production requires both technical reform and the development of culturally specific generative
practices.

The continuing evolution of generative Al in visual media, and its distinctive development
in emerging and non-Western cultural contexts including the Azerbaijani design and art scene,
represent productive areas for future research. A fuller understanding of how generative tools are
adapted, contested, and transformed across diverse cultural contexts, and of the relationship
between the recombinatory aesthetics they automate and the material conditions of their
production, promises to enrich both cultural theory and the critical resources available to
contemporary practitioners navigating the generative transformation of visual culture.
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Abstract

Few levers in teacher professional development are as well supported by evidence, or as
hard to supply at scale, as timely individual feedback on classroom practice. Artificial intelligence
is now being offered as a way out of that bind. This article reviews the recent international
literature on Al-supported feedback for teachers, published between roughly 2017 and 2026, and
reads the resulting opportunities and risks as one connected argument before turning to the
Republic of Kazakhstan and the work of the JSC National Center for Professional Development
“Orleu.” Tools built on natural language processing and large language models, among them M-
Powering Teachers and TeachFX, can return cheap, consistent, descriptive feedback on how
teachers talk; in at least one large randomised trial they shifted both teaching practice and student
outcomes. The same literature explains why enthusiasm should be tempered. The reliability of
automated judgements is still unsettled. Models carry bias, recordings raise real questions about
privacy and surveillance, teachers may be deskilled or their relationships with students worn thin,
and the evidence remains young, short-term, and heavy on self-report. For Kazakhstan one further
constraint is decisive: Kazakh is a low-resource language that current speech and language models
handle poorly. Reading the UNESCO Al Competency Framework for Teachers (2024) against
Kazakhstan’s 2024-2029 policy settlement, the article makes the case for a staged, human-
centred model in which Al-supported feedback widens the reach of mentoring instead of standing
in for it.

Keywords: artificial intelligence; feedback; teacher professional development; natural
language processing; large language models; classroom discourse; Kazakhstan; Orleu; Al ethics

Introduction

Few findings about teacher learning are as secure as this one: teachers improve when
someone gives them specific, well-timed feedback on what they actually do in class. Reviews of
effective professional development keep describing the same profile. The work that changes
practice is sustained, embedded in the job, and collaborative, built around modelling, coaching,
and structured reflection (Darling-Hammond et al., 2017); Borko (2004) reads the same process
cognitively, as repeated cycles of enactment and reflection. The obstacle is practical rather than
conceptual. The most useful feedback of all, an expert watching a lesson and responding to its
particulars, draws on the scarcest resource any system has: the time of skilled observers (Demszky
et al., 2024).

That shortage bites hardest where a single authority answers for a teaching workforce
scattered across a wide territory. Into the gap between what individual feedback can do and what
staffing can actually reach steps artificial intelligence. Advances in natural language processing,
and large language models now able to cope with real classroom talk, make something new
feasible: record a lesson, analyse its discourse, and return descriptive comment on particular
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teaching moves, at a cost that no longer climbs with every extra teacher served (Demszky et al.,
2024; Vitale et al., 2025).

The same capabilities unsettle. Once an algorithm starts to interpret teaching, hard
guestions follow. Can its judgements be trusted? Whose norms does its training quietly encode?
What happens to the recordings, and are teachers being helped, or simply deskilled and watched
(Alghamdi & Alghizzi, 2025; Doyle et al., 2025)? UNESCO’s competency framework for teachers
takes a clear position on this, making a human-centred stance its starting premise: teachers stay
in charge of the tools and answerable for how they are used (Miao & Cukurova, 2024).

For Kazakhstan the question is not abstract. In 2025 the state stood up a Ministry of
Artificial Intelligence and Digital Development and adopted its first national standards for Al in
education, covering 2024 to 2029 (Astana Times, 2025). The body that carries most in-service
teacher development, the JSC National Center for Professional Development “Orleu,” already
works at a scale that makes it one of Central Asia’s more consequential prospective adopters,
having put very large numbers of teachers through Al-related courses (UNESCO-ICHEI, 2025). This
article pulls the international evidence into one synthesis, treats opportunities and risks as
connected rather than separate, and asks what the whole picture means for Kazakhstan and for
“Orleu.” Three questions organise what follows:

1. What does “Al-supported feedback” mean in teacher development, and what can honestly
be claimed about its effects on current evidence?

2. Which opportunities and risks does it carry, and how are the two bound together?

3. How should Kazakhstan’s national system, and “Orleu” in particular, take it up responsibly?

Figure 1 sketches the policy arc behind the discussion, from the early intergovernmental
statements through to Kazakhstan’s own reforms.

“Day of AI":
jing Consensus Guidance for 3-level PD pathway
Education Generative Al & national platform

o o o

|||||||||||||||||||||| Concept for Al Dey
the Ethics of Al 2024-2029; UNESCO
Al competencies

National Al-in-education
standards; Ministry of Al
(IIOE: 324K enrolled,
252K certified)

© Global (UNESCO) M Kazakhstan

Figure 1. Milestones in the governance of Al in education, 2019-2025: intergovernmental
(UNESCO) and national (Kazakhstan).
Note. Circles mark UNESCO instruments, squares mark Kazakhstani measures. Compiled from
Astana Times (2025), Prime Minister of the Republic of Kazakhstan (2025), UNESCO-ICHEI (2025),
and Miao and Cukurova (2024).

Background and conceptual framing

Much of the professional-development literature reads as one long argument against the
one-off workshop. Isolated events rarely change practice. Programmes that are sustained,
embedded in the job, and built on repeated observation and response usually do (Darling-
Hammond et al., 2017). Coaching works because it gives a teacher what a workshop cannot: a
reading of their own practice, returned soon enough, and concretely enough, to shape the next
lesson. Borko (2004) puts the mechanism in cognitive terms. Teachers learn by making sense of
how students respond and then rebuilding their practice around that understanding. Good
feedback, on this account, is less a verdict than a mirror; it shows teachers what usually slips past
them.

It is easy to confuse the term with machines marking students” work. The feedback meant
here points the other way, at the teacher, and concerns the teacher’s own practice. Inside that
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scope the field splits into two technical families. The first analyses classroom discourse. It
transcribes a lesson, computes features of the talk such as the ratio of teacher to student talk, the
uptake of student ideas, the kinds of questions asked and the chances students get to contribute,
and reports them plainly (Demszky et al., 2024; Vitale et al., 2025). The second is generative. It
uses large language models to write narrative feedback, critique a lesson plan, or stand in as a
simulated student or coach (Kelly et al.,, 2024; Hicke et al., 2023). The difference matters.
Measuring a well-defined feature of talk is a narrower and more checkable task than producing
open-ended advice, and the two families differ accordingly in how far their output can be trusted.

Three traditions help locate the topic. Technology-acceptance models, chiefly the
Technology Acceptance Model and the Unified Theory of Acceptance and Use of Technology,
explain uptake through perceived usefulness, ease of use, social influence, and the conditions that
enable use; they predict that teachers adopt a tool only when it plainly helps at a cost they find
acceptable. Acceptance, though, says nothing about whether a tool deserves to be used. That is
the province of a second tradition, built around fairness, accountability, transparency, and ethics.
Alghamdi and Alghizzi (2025) are instructive here precisely because they refuse to keep the two
apart, treating educators’ willingness to adopt automated feedback as conditional on whether it
can be defended ethically. A third lens, human-centred Al, holds the others together. Its claim is
that such systems should augment human judgement rather than replace it, and UNESCO’s
framework turns that claim into concrete expectations for teachers (Miao & Cukurova, 2024).
Read together, the three suggest that success turns less on a model’s accuracy than on whether
tools are adopted, governed, and used in ways that leave teachers in authority.

What follows is a structured narrative review, not a meta-analysis. The field is too young
for anything else. The evidence is small, recent, and mixed in method, ranging from randomised
trials and interview studies to technical evaluations and policy documents, and forcing it into a
single pooled effect size would manufacture a precision it does not have. The review therefore
works across the evidence by theme, asking which claims keep recurring and where they rest on
the firmest ground. The sources include peer-reviewed journals in education and educational
technology, the proceedings of Learning @ Scale and the conference on Artificial Intelligence in
Education, a number of preprints, and, for the policy backdrop, intergovernmental frameworks
together with Kazakhstani government and institutional material, spanning 2017 to early 2026.
Two limits should be stated plainly. The base of rigorous studies is thin, and it is almost entirely in
English, a skew that begins to matter as soon as the discussion reaches Kazakh-medium
classrooms.

The international evidence

The most convincing evidence sits with tools that measure features of talk and report them
without passing judgement. The clearest signal comes from M-Powering Teachers, which tells
instructors how often they take up what students say. In a randomised controlled trial of more
than eleven hundred instructors in a large online course, it lifted that uptake by about an eighth,
and the gain came with higher student satisfaction and better course completion (Demszky et al.,
2024). An earlier study found similar benefits in one-to-one teaching (Demszky & Liu, 2023). Two
design choices recur, and they seem to matter as much as the technology behind them. The
feedback is descriptive rather than evaluative, closer to a fitness tracker than to an inspector, and
it stays narrowly fixed on a single feature of practice. Later work pushes the same logic further,
fine-tuning GPT-40 to spot the openings teachers leave for students to respond (Vitale et al., 2025)
and looking at how teachers take such metrics in, where simply seeing one’s own discourse data
can be enough to start reflection (Kelly et al., 2024).

The generative family promises feedback in prose, and the chance to rehearse against a
simulated student or coach. Its difficulty is the mirror image of that promise. Measuring uptake is
a bounded, checkable task; producing open-ended advice rewards fluency whether or not the
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advice is sound. One evaluation of large language models writing teacher responses found that
even the best model produced answers more fluent than they were pedagogically sound, and its
authors warn that coherence is no proof of instructional usefulness (Hicke et al., 2023). That gap,
between sounding right and being right, is the central liability. As a prompt for a teacher’s own
thinking, these tools can help. As an unsupervised source of authoritative judgement, they are not
yet to be relied on.

Taken together, these studies support one narrow conclusion and caution against a
broader one. They show that automated feedback is feasible and cheap to run at scale, and that
in careful, narrowly targeted forms it can move specific, measurable practices, with at least one
randomised trial picking up an effect on students themselves (Demszky et al., 2024). They do not
show much of what a system would want to know before leaning on it heavily: whether the gains
last, whether they carry beyond English-language and largely online settings, what happens to the
harder things to measure such as rapport, or whether generative feedback is valid at all. Those are
the usual blind spots of a young field that leans on short windows and self-report (Alghamdi &
Alghizzi, 2025). One pattern holds across the work. Narrowly scoped, non-evaluative tools that
have been tested in trials stand on firmer ground than ungoverned or evaluative uses.

Opportunities

The case starts with arithmetic. Observation that actually changes practice has always been
rationed by the supply of skilled observers. Automated analysis pushes the cost of giving one more
teacher an account of their lesson close to zero, so the attention once kept for a few can reach
everyone (Demszky et al., 2024). A tool also pays attention consistently, and on demand rather
than on a coach’s calendar; feedback that comes back within hours reaches a teacher while the
lesson is still fresh in mind.

The most distinctive thing these tools offer is visibility. Teachers routinely misjudge how
much they talk, how long they wait after a question, or who gets the chance to speak. A measure
drawn from a transcript makes those habits visible, and meeting one’s own data can start a teacher
reflecting without anyone telling them what the numbers ought to mean (Kelly et al., 2024). The
benefit lands most heavily where ordinary support reaches least, with teachers in remote schools
who are far from any expert coach. And because the counting is handled for them, human mentors
are left free to do the interpreting, the encouraging, and the caring.

At the level of the system, patterns drawn together and stripped of names can show where
a whole cohort struggles, which lets a body such as Orleu point its programmes where they are
actually needed. The promise is genuine. Yet the very ability to gather teaching data for well-
meant planning is also, under different governance, the ability to monitor. The next section takes
up that tension.

Challenges

The reasons for caution start with a basic question: do the measurements mean what they
appear to? Every metric stands in for something else. Talk-ratio stands in for participation, a count
of questions for the quality of questioning. Some of these proxies track something real; others
flatten a complex act into a tidy but misleading number. The problem is sharpest with generative
feedback, where fluency and accuracy pull apart (Hicke et al., 2023). Even a sound measure only
catches what it was designed to catch, and intent, rapport, and the history of a particular class
stay largely out of its reach.

Whatever a system learns, it learns from data that carry the marks of where they came
from. A tool trained mostly on English, and on one set of classroom conventions, can read anything
different as a fault, penalising an accent, a switch between languages, or a culturally distinct way
of taking turns. That worry is acute in a room where several languages are in play. Producing the
feedback also means recording the classroom, which captures teachers and children alike and
raises plain questions of consent and data protection. The same dataset gathered to help a teacher
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reflect is also a dataset for watching that teacher work, and the slide from formative comment to
quiet appraisal needs nothing more than a change of purpose (Doyle et al., 2025).

There is a cost inside the profession too. Teachers say they value the time these tools save,
and in the same breath worry that their own judgement may dull and that relationships may thin
when feedback arrives from software instead of a trusted colleague (Doyle et al., 2025). A skill left
unused fades. Using this kind of feedback well is itself a skill, knowing what a metric means and
when to set it aside, and where that skill is missing the danger is not that teachers reject the tool
but that they defer to it too readily, trusting it for no better reason than that it is a machine.

Underneath all of it lies how little is firmly settled. The rigorous evidence is thin and recent,
weighted toward short windows and self-report, and the one available synthesis reads educators’
acceptance as conditional rather than eager, casting these systems as a supplement to human
judgement rather than a replacement for it (Alghamdi & Alghizzi, 2025). Looked at this way,
opportunities and challenges are not really two opposing columns. They are one list read twice,
since the feature that delivers a benefit is usually the same feature that creates the matching risk,
as Table 1 sets out.

Table 1. Opportunities and their corresponding risks, paired by the underlying property

Dimension Opportunity Corresponding risk
Adoption may outrun the
Individualised feedback for the evidence; experimentation at
Scale & cost . )
whole workforce at marginal cost |scale demands rigorous
evaluation
The same standards applied to Encoded norms may embed bias
Consistency every lesson; less observer against non-standard speech and
subjectivity styles
. ) Speed can crowd out the slower,
. Feedback within hours, while the P .
Timeliness deeper sense-making of human

lesson is still fresh .
coaching

Surfaces patterns teachers cannot | Validity is partial; metrics miss

Personalisation . . .
self-perceive; supports reflection |intent, rapport, and context

Extends support to rural and Infrastructure gaps and the digital

Equity of access - : : "
quity remote teachers divide can widen disparities

. . Frees coaches for interpretation, | Over-reliance risks deskilling and
Human relationship

motivation, and care relational erosion
. Aggregated patterns inform PD Privacy, consent, and the slide
Data & insight Beres . P . Y . .
and curriculum design from formative use to surveillance

Note. In each row a single capability of the technology produces both the benefit and the risk
beside it; which one prevails is settled by governance, not by the model.

The Kazakhstan context and the role of “Orleu”

Kazakhstan runs one of the region’s more centralised systems for in-service training.
National law requires teachers to take professional development at regular intervals, ordinarily at
least once every five years, through programmes the state organises and pays for (Ministry of
Education of the Republic of Kazakhstan, 2024). Delivery runs mainly through the regional
branches of “Orleu,” alongside the Center of Excellence of Nazarbayev Intellectual Schools and
the Y. Altynsarin National Academy of Education, with Orleu acting as the national hub.
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Two recent moves leave the system both well placed and exposed. In 2025 the country
created a Ministry of Artificial Intelligence and Digital Development and approved its first national
standards for Al in education, running to 2029, which put ethics, data protection, and academic
integrity up front and folded Al into Digital Literacy and Informatics (Astana Times, 2025). It also
set out a three-level development pathway and a national platform able to certify teachers at scale
(Prime Minister of the Republic of Kazakhstan, 2025). Those three ascending levels line up almost
exactly with the progression levels in the UNESCO framework, which gives any scheme of feedback
competencies a ready scaffold (Miao & Cukurova, 2024).

Capacity is starting to catch up with ambition. Late in 2025 the National Investment
Corporation of the National Bank of Kazakhstan took a direct stake in Anthropic, the company
behind the Claude models, joining its Series F round with a reported USS25 million and making the
state, for the first time, a shareholder in a frontier Al firm (Qazinform, 2026). On another front the
country has drawn on Chinese expertise: specialist reporting describes a national model built with
the laboratories 01.Al and DeepSeek (China Chatbot, 2026), while a home-grown system, KazLLM,
trained at Nazarbayev University in Kazakh, Russian, English, and Turkish, carries a parallel bid for
sovereign capability (The Diplomat, 2025). The mix is itself revealing. Access to frontier and
regional models is precisely what localising feedback tools for Kazakh will take, and the same
reliance on outside systems is the exposure a national model is meant to cover.

Orleu, it should be said, has already run Al-related training at a national scale. By adapting
international online courses for local use, it enrolled 324,000 teachers and saw 252,000 finish with
state-recognised certification, roughly three in four of those who started (UNESCO-ICHEI, 2025),
as Figure 2 shows. Whatever the obstacles set out below, this is a system that has acted at scale
rather than one still thinking about it.

Enrolled, not

yet certified
72,000 (2 2

2 324,000

teachers enrolled

Completed with
state certification
252,000 (78%)

Figure 2. Participation in Orleu’s Al-focused professional development on the international online
platform.

Note. Of 324,000 teachers enrolled, 252,000 completed with state-recognised certification.

Figures from UNESCO-ICHEI (2025).

The general opportunities apply here with extra force. A centralised system, a legal duty to
keep developing, one national hub, and a platform that already works add up to near-ideal
conditions for handing out feedback consistently and fairly, including to the rural teachers for
whom expert observation has long been scarce. The three-level pathway gives the work a staged
structure, and Orleu’s proven reach lowers the odds that a sound design falls apart in the rollout.
In time, insight gathered across the cohort and stripped of names could steer modules toward the
weaknesses that genuinely keep recurring.

The most distinctive obstacle is language. The validated tools, and the speech and language
models underneath them, are built overwhelmingly for English. Kazakh is another matter: a low-
resource, agglutinative, mixed-script language that general multilingual models handle poorly and
that even strong speech recognisers transcribe less accurately unless real work is put in (Li et al,,
2024). Feedback depends first on an accurate transcript, so an error there travels all the way
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downstream, and a system that cannot reliably transcribe a Kazakh-medium lesson cannot give
valid feedback on it. Figure 3 shows where the constraint bites. The number of Russian-medium
and bilingual classrooms tangles the chain further still.

From classroom talk to professional learning: where the Kazakh-language constraint enters

1

ating step: ASR underperforms on ](azakh
(Jow-resource, agglutinative, mixed-scripi
elTOI‘*S here propagate downstream (Li et al.,

\

‘ilaw

. o . Descriptive, 5 g
Kazakh-medium Speech recognition Discourse S ATl E N entor interpretatio:

classroom talk & transcription analysis A and reflection

human in the loop

Figure 3. The Al-supported feedback pipeline, showing where the status of Kazakh as a low-
resource language constrains validity.
Note. An error at transcription travels through every later step, so localisation and
validation must come before national scaling. Drawn on Li et al. (2024).

From there the other difficulties follow in sharper form. A model that has not been adapted
to local speech and curriculum imports the bias problem wholesale. The gap between rural and
urban connectivity could turn an opportunity for equity into its opposite. And running awareness-
level courses, which Orleu has shown it can do, is far easier than building teachers’ capacity to
guestion Al feedback and act on it sensibly. Centralisation, finally, concentrates one temptation in
particular, the reuse of feedback data for appraisal, and only deliberate design holds it off. The
new standards put ethics and data protection up front (Astana Times, 2025); whether they are
honoured, by keeping feedback formative, consented to, and owned by teachers, will do more for
trust and uptake than any feature of the tools themselves.

Pulling the evidence and the context together, the model proposed here keeps Al-
supported feedback in a supporting role to Orleu’s mentoring rather than in place of it. It advances
in stages tied to the UNESCO levels, and it sits inside the governance layer the standards already
demand. Figure 4 gives the logic of it; Table 2 sets out an indicative sequence.

( GOVERNANCE AND ETHICS LAYER )

Classroom
practice

Goal-setting
& next steps

Lesson
capture

continuous
PD cycle

Guided reflection
with a mentor

Al analysis
of discourse

Descriptive,
non-evaluative
feedback

NG

privacy & consent ¢ human oversight & teacher agency < transparency & accountability
bias & validity checks < strictly non-evaluative use

- _J

_

Figure 4. A human-in-the-loop model of Al-supported feedback within a continuous professional-
development cycle.
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Note. Al analysis informs the cycle but never closes it; the surrounding governance layer of
consent, oversight, transparency, bias and validity checks, and strictly non-evaluative use

conditions every stage.

Table 2. An indicative phased pathway for “Orleu,” mapped to UNESCO (2024)

progression levels

Phase UNESCO level Focus Key safeguards & enablers
Build Al literacy across the Informed consent;
1. Acquire workforce; make tools formative-only policy;
Foundations g formative and teacher-owned; |baseline ethics and data-
pilot voluntarily protection rules
Invest in Kazakh- and Russian- . .
. . Diverse local data; bias
2. Acquire - language transcription and o
— ) . auditing; independent
Localisation |Deepen discourse models; validate L
. validation before scale-up
against expert human raters
Embed Al feedback in Orleu Mentor capacity-building;
. mentor coaching cycles; Al human-in-the-loop;
3. Integration | Deepen L . ’
g P measures, humans interpret teacher right to contest
and support outputs
Extend nationally with Longitudinal evaluation;
4. Scale & Create continuous evaluation; use transparency reporting;
learn aggregated insight to redesign | firewall between feedback
PD and appraisal

Note. The phases accumulate rather than replace one another; localisation (Phase 2) is a
precondition for valid feedback in Kazakh-medium classrooms. Progression levels from Miao and
Cukurova (2024).

Discussion

The conclusion belongs to neither the optimist nor the sceptic. Al-supported feedback
answers a real and stubborn problem, the plain impossibility of giving every teacher timely,
individual observation by human means alone, and in its best-designed forms it works, shifting
specific practices and, in one large trial, student outcomes (Demszky et al., 2024). The trouble is
that benefit and risk run along the very same features. The scale that makes feedback affordable
also makes its mistakes count for more. The data that feeds reflection is the data that enables
surveillance. The convenience that saves time can quietly erode judgement (Alghamdi & Alghizzi,
2025; Doyle et al., 2025). What settles which way it goes is not how clever the model is but the
human and institutional arrangement around it: whether the feedback stays formative, whether
teachers can question it, whether bias is audited and privacy protected, and whether a person, in
the end, remains accountable. That is the human-centred stance UNESCO sets out (Miao &
Cukurova, 2024).

For Kazakhstan this sharpens the task rather than settling it. A centralised system, a legal
mandate, a national platform, and Orleu’s proven delivery make a sturdier base for responsible
adoption than many more fragmented systems can offer. The same centralisation, though, raises
the stakes on governance, and the language constraint fixes the order of operations: localise and
validate first, scale afterwards, because feedback that cannot be grounded in Kazakh-medium talk
is not yet feedback at all (Li et al., 2024). The pace should be set by validity and trust, not by how
fast a contract can be signed. One principle holds the whole argument together, augmentation
rather than replacement. The machine does the measuring; the human keeps the interpreting,
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the motivating, and the caring, which for an institution built around teachers’ growth is a strength
rather than a limit.

Limitations

A few limitations bound these conclusions. This is a structured narrative review rather than
a meta-analysis, so it reads across uneven evidence without pooled estimates, and although the
selection of sources was systematic it was not exhaustive. The evidence itself is young and patchy,
tilted toward short-term and self-reported outcomes (Alghamdi & Alghizzi, 2025), and the most
rigorous trials were run in English and often online, which limits how far they carry to Kazakh- and
Russian-medium classrooms. Both the field and Kazakhstan’s reforms are moving fast, so
particular tools and particular rules will already have shifted. And the model proposed for Orleu is
a reasoned design, not a tested programme. It is a hypothesis to be piloted and evaluated, which
is only consistent with the argument made here.

Conclusion

Al-supported feedback offers a credible answer to one of the oldest constraints in teacher
development, the shortage of timely, individual observation. The evidence shows that carefully
designed, narrowly scoped tools can shift specific practices, and in the best-evidenced case
student outcomes too, at a fraction of the usual cost (Demszky et al., 2024). The same evidence
shows those gains to be contingent on governance, on training, and on a steady refusal to let
feedback drift from formative into evaluative (Alghamdi & Alghizzi, 2025; Doyle et al., 2025; Miao
& Cukurova, 2024). For Kazakhstan and for Orleu the opportunity is real and the foundation is
strong, but the path comes with conditions. Adoption should be staged and human-centred. It
should treat the localisation and validation of Kazakh- and Russian-language tools as prerequisites,
not afterthoughts. And it should hold the line between formative support and evaluative
surveillance. Taken that way, as a means of widening mentoring and paced by validity and trust,
Al-supported feedback can help Orleu bring strong support to every teacher without giving up the
relationships that make the support worth having. The choice was never between technology and
teachers. The task is to build the arrangement in which each makes the other better.
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BanaHmne obpasoBatebHOW MAaTGOPMb
Blockland.kz Ha pa3BuTME KOTHUTUBHbBIX
PYHKLMIN CTYOEHTOB

Eceikpi3bl Albim

PhD noKTop, npenosaBaTeNb-IEKTOP

AnpabepreHosa Arynbs OHanbeKkoBHa

KaHAMAAT NefarorMyeckmx Hayk, acCoummMpoBaHHbI npodeccop (AoueHT)
Ecenkpi3bl YKanfac

[OKTOPaHT no obpasoBatenbHom nporpamme 8D01504 «MHPopmaTMKa»

AHHOTaumA. B cTaTbe npeacTaB/ieHbl pPe3yabTaTbl IKCMEPUMEHTANbLHOTO MCCAeA0BaHMS,
HanpaB/fieHHOro Ha onpegeneHuve BAMAHMA obpa3oBaTenbHoM nnatdopmbl Blockland.kz Ha
Pa3BUTME KOTHUTUBHbIX YHKUWMA CTyAEHTOB. AKTyanbHOCTb WCCAefoBaHMA obycnosneHa
aKTMBHbIM BHeApeHuemM UndpoBbix 0bpa3oBaTebHbix Naatdopm B y4ebHbIN NPOLECE, a TakKe
TpebOBaHUAMM HOPMATMBHbLIX AOKYMeHTOB Pecnybamkm KasaxcTaH, OpPUMEHTMPOBAHHbLIX Ha
pa3BuTUe OYHKUMOHANbHOM TPAaMOTHOCTM, LMPPOBOM TPaMOTHOCTU, aNrOPUTMMUYECKOTO MU
BbIYMCNTENBHOIO MbIWAEHNA oby4yatouimxca. O6bEKTOM MCCNefoBaHWA BbICTyMaeT npolecc
npumeHeHns nnatdopmbl Blockland.kz B yyebHOM peAaTenbHOCTU CTyAEHTOB, NpeaMeToM —
OAMHAMMKa  KOTHWUTMBHbIX  MapameTpoB  OOyYaloWMXCA MPW  MCMOAb30BaHMM  BAOYHOrO
NporpaMmmpoBaHma, ero aHanoros Ha Python v Java, TpeHaxkepoB 1 Habopa NporpaMmmHbIX 3a4au.

B nccnenosaHnm npuHanm ydactme 157 ctyaeHToB 2—3 KypcoBs B Bo3pacTte 16—20 neT 13 Tpex
obpa3oBaTefibHbIX OpraHmM3aumin: HeTbicycKoro yHuBepcuTteta wumeHn W.  aHcyryposa,
KasaxXcKoro HauMOHANbHOrO KEHCKOro neaarorMyeckoro yHuMBepcuTeTa WM TanAblKOPraHCKOro
BbICLLIErO MOJMTEXHUYECKOTO KOANeAXa. DKCMepMMEHTalbHaa rpynna cocTaBuia 79 4enosek,
KOHTPO/bHaA rpynna — 78 Yenosek. MiccnenoBaHue NpoBOAWMIOCH B TEYEHWE ABYX CEMECTPOB.
[na ANArHOCTUKM KOTHUTUBHBIX GYHKUMIA ncnonb3oBannch Tabanupl LLyabTe, TecT Ha namATb,
a/lanTMpoBaHHbIM GALT-TecT, 3a1aHNA Ha aNrTOPUTMUYECKOE N KPUTUYECKOE MbllWEHWE, aHaNN3
y4ebHOM ycneBaeMOCTW, aHKeTMPOBaHME M MONYCTPYKTYPUMPOBAHHOE WMHTEPBLIO YYACTHWMKOB
obpas3oBaTebHOIO Kypca.

Pe3ynbTaTbl MCCNeAOBaHWA MOKAa3aAM MONONKUTENbHYID AMHAMMKY BHUMAHWA, NaMATH,
NOTMYECKOrO, aNrOPUTMMYECKOTO WM KPUTUYECKOTO  MbILWJEHUA, CKOPOCTU  BbIMOJAHEHMA
NpOorpaMmHbIX 3aZa4, y4ebHOM MOTMBALMM M YCNEBAEMOCTM B SKCMEPUMEHTaNbHOM rpynne. Ha
OCHOBE aHa/1M3a KOJIMYECTBEHHbIX AAHHbIX, PE3Y/bTAaTOB ONPOCa M MHTEPBbIO CHOPMYINPOBaAHDI
pekomMeHAaumm No AanbHenwemy coBepleHcTBoBaHMO naatdopmsl Blockland.kz. CaenaH BbiBOA
0 nepgarornyeckon 3pPEKTUBHOCTM NAaTPOPMbl Kak UMPPOBOM cpedpl, CNocobCTBYOLLEN
PA3BUTUIO KOTHUTUBHBIX QYHKLMIA CTYAEHTOB NPU YCI0BUMN €€ CUCTEMATUYECKOTO U METOAMNYECKHN
0H60CHOBaAHHOTO NPUMEHEHMA.

KnioueBble cnosa: Blockland.kz, undposas obpasosatenbHas naatpopma, 6104HOE
NPOrpaMmMmMpPOBaHME, KOTHUTUBHbIE QYHKUMKW, NIOTMYECKOE MbIWAEHWE, aNropUTMMUYECKoe
MbILWIEHNE, KPUTUYECKOE MbILIEHNE, BbIYUCIUTEIBHOE MblLL/IEHUE.,

BsedeHue

CoBpemeHHaa cuctema obpasoBaHua Pecnybnmkn KasaxcTaH pa3BMBaeTCA B YC/IOBUAX
LUMdpoBOM TpaHCcPopMaLMKN, OOHOBAEHMA COAepKaHNA 0ByYeHNs M NOBbILLEHUA TPeOOBAHMIA K
OYHKUMOHANBHOM  rpaMOTHOCTM  obyyatolimxca. B rocynapcTBeHHbIX  0buieoba3aTenbHbIX
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CTaHAapTax obpa3oBaHMA 3aKkpenneHbl TPebOBaHWMA K YPOBHIO MOArOTOBKM 0By4atowmxcs,
OKMOAEMbIM pe3y/bTaTam 0bydeHuna, GOPMUPOBAHMIO KIHOYEBbLIX KOMMETEHUMA U FTOTOBHOCTM
NPUMEHATb 3HAHWA B Y4YebHbIX, MPAKTUYECKUX W KMU3HEHHbIX CUTyaumax. DTO YCUIMBAET
3HAaYMMOCTb 06pPa30BaTE/IbHbIX TEXHO/OTMMIM, HaMpaBAEeHHbIX HE TO/NIbKO Ha YyCBOeHMWe y4yebHOoro
mMaTepuana, HO W Ha pa3BUTME TO3HABATE/NbHOM aKTMBHOCTW, /IOTMYECKOro aHasm3a,
aNropUTMM3aLNN, CAMOCTOATENIbHOTO PELLEHNA 334a4 U KPUTUYECKOM OLEHKM pe3ybTaTa.
Ocobylo ponb B AaHHOM npouecce urpatoT umdposble obpa3oBaTesibHble NaaTGOPMbI,
MHTEPAKTMBHbIE TPEHAXepPbl, OHNAMH-KYPCbl M NporpaMmmHble cpeabl. OHM CTAHOBATCA He TONbKO
CpeACcTBOM nepefadm y4ebHoM MHPOPMALMM, HO M MHCTPYMEHTOM WM3MEHEHUA XapaKTepa
yyebHolM aestenbHoCTU. LindpoBas cpeaa No3BoAAET OpraHM30BaTh 0byYeHne B MHTEPAKTUBHOWN

dopme,  obecneuntb  UHAMBMAYANbHbIA  TEMMN  OCBOEHMA  maTepuana,  MNOBbICUTb
CaMOCTOATE/IbHOCTb 0BYYAIOLLMXCA M YCUIUTb NPAKTUYECKYHO HAanpaBeHHOCTb 06pa30BaTeIbHOro
npouecca.

HopmaTueHble AOKyMeHTbl Pecnybamki KasaxcTaH TakKe MOATBEPMKAAIOT aKTyasbHOCTb
nccnenosaHua. FocyaapcTBeHHble oblweobazatenbHble CTaHAapTbl 06pa30BaHMA OonpeaenstoT
TpeboBaHMA K codepKaHMto 06pa3oBaHMUA, YPOBHIO MOATOTOBKM OOyYatoLMXCA U pe3yabTaTamM
obyyeHua. Tunosble y4yebHble nporpammbl No npeametam «Ludposad rpamMoOTHOCTb» U
«/IHpOpMaTMKa» OpPMEHTUPOBaAHbI Ha GOpPMMPOBaHME Yy ODOyYalOLLMXCA UMPPOBBLIX HABbLIKOB,
aNTOPUTMMYECKOTO MblWAEHMA, YMeHMA paboTaTb C MHPOpMaLMeRn, CTPOUTb anropuUTMbl U
NPUMEHATb NPOrpamMHble CPeacTBa ANA peleHMa y4ebHbIX 3aay. B cucteme TeXHUYECKOro u
npodeccmoHanbHoro  obpasoBaHMA  nporpamma  obuieobpa3oBaTeNbHOM  AUCUMNAWHDI
«/IHPOpMaTMKa» TaKKe HanpaB/feHa Ha pPa3BWUTME JIOTUYECKOTO, aATOPUTMUYECKOTO U
BbIYMCANTENBHOrO MblLUNEHMA 0by4Yatowmxca, HeobXoaMMbIX ANA peweHna NpodeccMoHaNbHO
OPUEHTUPOBAHHbIX 334au.

BmecTe ¢ Tem akTUBHOE BHeapeHue undposbix Naatdopm TpebyeT HayyHO 06HOCHOBAHHOM
OUEHKM nx 3ddeKTUBHOCTU. B nesarormyeckon npakTMKe HepeaKo BCTPEYAETCA CUTyauma, Koraa
LUMPOBOM PECYPC AEKNAPUPYETCA KaK CPeAcTBO Pa3BUTUA MbIWAEHWA, BHUMAHWA, NAMATU UK
MOTMBALMM, OAHAKO €ro peanbHOoe BAMAHWE Ha KOTHUTUBHbIE GYHKUMKM Oby4vatowmxca He
NOATBEPKAAETCA SKCMEPUMEHTANIbHbIMW AaHHbIMKU. B CBA3M C 3TMM 0COBYHD 3HAYMMOCTb
npuobpeTaeT NpoBeAeHNe UCCNel0BaHNM, B KOTOPbIX LinppoBas obpasosaTenbHaa naathopma
PACCMATPMBAETCA HE TOJIbKO KaK TEXHWUYECKMIN MHCTPYMEHT, HO M KaK neJarormyeckoe cpeacTso,
CNocobHOe OKa3biBaTb M3MEPSEMOE BIMAHME Ha NO3HABaTe/IbHOE Pa3BUTME CTYAEHTOB.

OHWM M3 NEepPCneKTUBHbIX HanNpaBAeHWn UMdpPoBOro obyyeHmsa SBAAETCA MCNOMb30BaHWE
NPOrPaMmMMpPOBaHMA KaK MHCTPYMEHTA Pa3BUTUA KOTHUTMBHBLIX QyHKUMIA. [MporpammmnpoBaHme
TpebyeT oT 006y4YatoLWEerocs aHaAM3a yCA0BMA 33434, BblAENEHUA MCXOAHbIX AaHHbIX, NOCTPOEHMA
nocnenoBaTe/IbHOCTN  AENCTBMIA, MPOBEPKM pe3yabTata, MCNpaBaeHus OWMBOK M MNMoumcKa
pauMoHanbHOro cnocoba pelweHus. ITM AeNCTBUA HenocpeACTBEHHO CBA3aHbI C Pa3BUTMEM
BHMUMAHMA, MaMATU, JIOTMYECKOTO MbILUNEHMA, AaNTOPUTMMUYECKOTO MbIWAEHWUA, KPUTUYECKOTO
MbILLUAEHWNA U CKOPOCTM 06paboTKM MHPOPMALIMN.

Ocoboe 3HauyeHne nmeeT 6104HOE NPOrPaMMMPOBAHME, MOCKOIbKY OHO NMO3BO/IAET CHU3UTb
HayaNnbHbIM Gapbep BXOXAEHMA B MNPOrpammMMpoBaHMe. Bu3yanbHble 6710KM MomoratoT
0byYaloLMMCA  COCPeAOTOUYNTLCA Ha JIOTMKE TMOCTPOEHUA anropuTMma, He mneperpysas  wux
CMHTAKCMYECKMMM OCODEHHOCTAMM KOHKPETHOro A3blka MNporpamMmmupoBaHua. [pu  3aTom
conocTaBneHne HA0YHbBIX KOHCTPYKLMI C TEKCTOBbIM KOAOM Ha Python u Java obecneuymsaet
NOCTEeNeHHbI Nepexos OT BWM3ya/ibHOro anroputma K npodeccMoHanbHO OPUEHTUMPOBAHHOMY
NPOrpaMmHOMY KOAy.

ObpaszoBatenbHaa nnatdopma Blockland.kz npeactasnser cobon umbposyo cpeay,
BK/ItOYatOLLYO0 6/104HOE NPOrPaMMMPOBAHME, aHANOMM NMPOrPaMMHbIX KOHCTPYKLMI Ha Python u
Java, TpeHaxkepbl M Habop 3agay. Ee wucnonb3oBaHMe MNO3BONAET OPraHM3oBaTb Yy4ebHyH
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[eATeNbHOCTb HAa OCHOBE MPAKTUYECKOro peLleHns 3a4a4, aHaan3a OWmMbOoK, CaMOCTOATENbHOTO
MOCTPOEHMA aNrOPUTMOB M MOCTENEHHOrO YC/NOXHEHMA MPOrPAaMMHbIX AENCTBMI. B aaHHOM
nccnegosaHmn nnatdopma Blockland.kz paccmaTtpuBaeTcs Kak cpeacTBO Pa3BUTMA KOTHUTUBHbIX
bYHKUMI CTYAEHTOB.

Mpobnema  uMccnefoBaHMs — 3aKAOYaeTcA B MPOTUMBOPEYMM  MEXKAY  WKMPOKMUM
pacnpoctpaHeHem UMdPOBbIX 0bpaszoBaTenbHbIX MAaTGoOPM M HEAOCTAaTOYHON A0Ka3aTesIbHOM
6a3oi, NoATBEP)KAALWIEN WX BAUAHME HA KOTHUTMBHOE pa3BUTMe obydatowmxca. JaHHoe
npoTMBopeyme onpeaender HeobXOAMMOCTb 3IKCMEPMMEHTAZIbHOM MPOBEPKM TOro, Kak
cucTemaTnyeckoe ucnosbzoBaHme nnatdopmbl Blockland.kz BanseT Ha BHMMaHMeE, NamsaTb,
NIOTMYECKOE, aNITOPUTMNYECKOE U KPUTUYECKOE MblLLIIEHNE CTYAEHTOB.

Llens uccnedosaHuUA — 3KCMEPUMEHTANbHO ONpeaenvTb BAMAHME 06pPa3oBaTEIbHOM
nnatdopmbl Blockland.kz Ha pa3suTne KOrHUTUBHbLIX GYHKUMA CTYAEHTOB W COMOCTaBUTb
NoMyYeHHble Pe3ynbTaTbl C UCXOAHbIMN TEOPETUYECKMMM OXKMUAAHUAMM.

[Ons gocTuxKeHMa nocTaBieHHon Luenn bbiam onpeaeneHbl caepytoume 3a0ayu:

1. T[poaHanM3npoBaTb TeOpeTMYecKMe W  HOPMATWMBHbIE  OCHOBAHMA  Pa3BUTUSA
KOTHUTMBHbIX  OYHKUMI  obydaloWmxca cpeacTBamMu  MPOrpaMmMpoBaHMA U UMPPOBBIX
0bpa3oBaTe/IbHbIX TEXHO/IOTUA.

2. OnucaTb GYHKLUMOHaNbHbIE BO3MOXKHOCTM naatdopmbl Blockland.kz kKak nHcTpymeHTa
opraHusauum y4ebHom AeATeNbHOCTU CTYAEHTOB.

3. Pa3paboTatb M BHeApWUTb 0OpPa3oBaTe/IbHbIA KypC, OCHOBAHHbIA Ha KOHCTPYKTOPax
6104HOro NPOrPaMMMPOBAHMA.

4. Peann3oBaTb 3KCMEPUMEHTA/IbHBIN AN3aNH UCCNEeA0BAHMA C Y4aCTUEM KOHTPObHON U
3KCMEepPUMEHTaNIbHOW rpynm.

5. TpoBect AMArHOCTUKY BHWMAHMA, MNAMATK, JIOTMYECKOro, aNropUTMUYECKOro u
KPUTUYECKOTrO MbILW/IEHNA CTYAEHTOB A0 M NOCAE SKCNEPUMEHTa.

6. BblABUTb AMHAMUKY y4ebHOM yCNeBaeMoCT1 U MOTUBALLMM 0DYYaOLLMXCA.

7. ConocTaBWTb MOJyYeHHble pe3yabTaTbl C NPeABaPUTENbHBIMU  OXUAAHUAMMU
nccnenoBaHmA.

8. [poaHann3npoBaTb pe3ynbTaTbl ONPOCA U MHTEPBbLIO CTYAEHTOB M NpenoaaBaTenen.

9. CdopmynnpoBaTb BbIBOAbI M PEKOMEHAAUMM MO AaSbHENLEMY COBEPLIEHCTBOBAHMIO
nnatdopmsl Blockland.kz.

rMnoTesa WCCNeL0BAHWA COCTOUT B MNPEANONONKEHUM O TOM, UYTO CUCTEMATMYECKoe
npumeHeHne nnatdopmol Blockland.kz B TeueHmne aByx cemecTpoB cnocobCTBYET NONOKUTENLHON
ONHAMWKE KOTHUTUBHbLIX QYHKLUWMM CTYAEHTOB, MOCKO/bKY paboTa ¢ 6A0YHLIMM anropUTMamuy,
NporpaMmHbIM KogomM Ha Python mn Java, TpeHaxepamun M 3aZ@4aMu aKTMBU3MPYET BHUMAHME,
NamsaATb, NOTMYECKOE, aITOPUTMUYECKOE U KPUTUYECKOE MblLLIEHNE.

TeopemuyecKue u HOpMamuegHble 0CHOBAHUSA UCC1e008aHUA

TeopeTnyeckyto OCHOBY MCCAEA0BAHWA COCTABAAIOT NOMOKEHWA KOTHUTUBHOW NCUXOOTNK,
KOHCTPYKTMBUCTCKOrO M KOHCTPYKUMOHUCTCKOrO NOXO/I0B, @ TaKKe COBPeMEHHbIe MccaenoBaHmA
B 06n1acTu umMdpoBm3aLMmM 06pa3oBaHNA, MPOrPaMMMUPOBAHMA U PA3BUTUA KOTHUTUBHbLIX GYHKL WM
obyvatouimxca.

B Tpyaax XK. Mnaxe n b. NHenbaep normyeckoe mblliieHMe pacCMaTPUBAETCA KaK pesynbtaT
Pa3BUTUA  UHTENNIEKTyaslbHbIX OMepaumi, CcBA3aHHbIX C  KaaccubuKaumen, cepuaumen,
COXpPaHeHMeM, NPOMNOPLMOHANbHBIMU, BEPOATHOCTHBIMU M KOMOWMHATOPHBLIMWU PACCYKAEHUAMM.
[aHHble MNONOXeHMA WMEeKT 3Ha4yeHWe [ONA  HACTOALWLero WMCcNefoBaHWA,  MOCKObKY
nporpammumpoBaHue TpebyeT OT 0OyHatOLLErOCA BbINOJHEHMA NOC/EA0BaATENbHbIX MbICANTENbHbIX
[EeNCTBUIN: aHaNM3a YCA0BUA, BblAENEHNA UCXOAHbIX AAHHbIX, MOCTPOEHMA aArOPUTMa, NPOBEPKM
pe3ynbTaTa v UCNPaBAEHUA OLLIMOOK.
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C. MMernepT paccmaTpuMBan MNPOrPAMMMPOBAHME KaK CPEACTBO WMHTENNEeKTyanbHOro
pa3BMTMA obyyatowmxca. B pamkax KOHCTPYKUMOHWCTCKOrO MoaxoAa CTyAeHT He TOMbKO
BOCMPUHMMAET rOTOBYIO WMHbOPMALUMIO, HO U CO343eT COOCTBEHHbIM MNPOAYKT, NpoBepsaeT
rMNoTesbl, aHaIM3MpPyeT OWMOKM U CAMOCTOATENBHO NPUXOANT K MOHMMAHUIO 3aKOHOMEPHOCTEMN.
310 0cobeHHO BaxkHO A5 060CHOBaHMA Negarornyeckoro noteHumana naatoopmol Blockland.kz,
NOCKONbKY pabota ¢ 6/104HbIMM  anropuTmamu, Python u Java npegnonaraeT akTUMBHOE
KOHCTPYMPOBAHME 3HAHUN.

K. YUHI pacKpbIBaeT BblYMCANTENbHOE MbILWAEHWE KaK YHMUBEPCA/bHbIM CNOCOD pelueHns
3a/la4, OCHOBAHHbIM Ha AeKomno3uumu, abcTparMpoBaHMK, aANTOPUTMM3ALMM U OLEHKe
pe3ynbTaTa. B KOHTEKCTe HaCTOAWEro MCCNefoBaHWA 3TM KOMMOHEHTbI peanus3ytoTca yepes
NOCTPOEHME aATOPUTMA, BbIBOP NPOrPaMMHON KOHCTPYKLUMM, CONOCTaBAEHWNE BU3yaNbHbIX H/10KOB
C TEKCTOBbIM KOAOM M MPOBEPKY pe3yabTaTa.

K. bpeHHaH 1 M. Pe3HMK NoavyepKMBatOT 3HAYEHNE BM3Ya/bHbIX NPOrPaMMHbIX cpea, AnA
PA3BUTUA BbIYNCANTENBHOTO MbILIEHMA, MOCKONbKY paboTa ¢ 610KaMm No3BonseT obyyatoLmMmcs
COCPenoOTOUNTLCA Ha /JIOTMKE pelleHns 3a4avM M MOCTeNeHHO NepexoAuTb K Bonee CAOXKHbIM
dopmam  MpOrpamMmmMpoBaHMA.  ITO  MONOXKEHME  HenocpeACTBEHHO  COOTHOCKUTCA  C
dYHKUMOHaNbHOM cTpyKTYpoi nnatdopmsbl Blockland.kz.

B Ka3axCTaHCKOW nedarormMyeckor Hayke BOMPOCbl  UMdpoBM3aumm 0bpas3oBaHuA,
npodeccMoHanbHOM MNOAroTOBKM Oyayuwmx Neparoros M MNPUMEHEHUA  UMHTENNEeKTYasbHbIX
TEXHONOrM B 0bpa3oBaTeIbHOM NpoLecce paccmatpmsatoTea B Tpyaax E. bl. buaganbekosa, H. T.
OwaHoson, . K. Hypranvesoi, A. O. AnpabepreHosoi, A. E. ABObIIKAaCbIMOBOW W APYruX
nccnegosaTeneit. B yactHoctn, P. E. Abayanvesa m A. O. AnpgabepreHoBa paccMaTpuBatoT
TeopeTuyecKkne OCHOBaAHMA NPOPeCcCMOHANbHOM NOATOTOBKM yuMTenel MaTeMaTUKM Ha OCHOBE
HEMPOHHBIX CeTel, YTO NOATBEPKAAET aKTya/lbHOCTb MCMO/Ib30BAHMA COBPEMEHHbIX LMDPOBbLIX U
WHTENNEKTYabHbIX TEXHONOMMIA B NeAarornyeckom 0bpa3oBaHum.

Pabotbl E. bl. BupganbekoBa cBA3aHbl C MeTOAMKOM obyvyeHUs UHOOPMATUKE U
nHdopmMaTmaumein obpasosaHua. Mccnegosanua A. O. AngabepreHoBoM MMET 3HaYeHne ann
0D0OCHOBaHMA MNpUMeHeHMA  UMPPOBLIX 0OpPa30BaTeNbHbIX  TEXHONOTMM B MOArOTOBKe
0OYYaOLLMXCA U PA3BUTUM MX NO3HABATE/IbHbIX BO3MOXHOCTeM. A. E. ABblIKacbiIMOBa pacKkpbliBaeT
OMOAKTUKO-METOAMYECKME OCHOBbI MaTeMATMYECKOro 06pa3oBaHmA, YTO BaXKHO A58 MOHMMAHMA
POMN JIOTMYECKMX onepaumin B ydyebHon peatensHoctu. . K. Hypranvesa paccmaTpmBaet
3N1EKTPOHHOE 0byYeHMe KaK yCaoBMe MHHOBALMOHHOIO pa3BmTMA 0bpa3oBaHmA.

B poccuickon HayyHO-Neaarormyeckon TpaauuMmn 3HAYUTE NbHbIA BKAAL4 B W3ydeHue
nHbopmaTM3aLmm obpa3oBaHNA U METOAMKN 0DyYeHns nHPpopmaTuKke BHecan U. B. Pobepr, E. C.
Monat, M. M. Tanuumk, A. A. Ky3Heuos. M. B. PobepT 060CHOBbIBAET NCUXO/I0ro-neaarormieckme un
TEXHONOIrMYecKkne acnektbl MHbopmaTmM3aumm obpasosaHua. E. C. MonaT paccmaTpmBaeT HOBbIE
negarormyeckne m  MHOOPMALMOHHbIE TEXHONOTMW KaK CPeacTBO aKTMBM3auMW  y4ebHOM
neatenbHocTn. M. M. lanumk 1 A. A. Ky3HeL0B nuccaeaytoT metoamKky obydeHunsa nHbopmaTmuke u
PO/Ib NPOrPamMmMmMPOBaHMA B QOPMUPOBAHUN YH4EOHbIX U UHTENNEKTYA/IbHbIX AEUCTBUN.

Ocoboe 3HaveHre aAnA HacToALLEero nccnefoBaHmA MMetoT PpaboTbl, MOCBALLEHHbIE BANAHMIO
LUMbPOBOM cpeabl HA KOTHUTMBHbIE QYHKLMM LWIKOABHUKOB M cTyaeHToB. E. A. Asageesa n O. A.
KopHuMioBa paccmaTpmBatoT BAMAHME LIMPPOBOMN SNEKTPOHHOM Cpelbl Ha KOTHUTUBHbIE GYHKLINK
0OYyYatoLLMXCA, YTO MO3BONAET YYWUTbIBATb HE TONbKO Pa3BMBAOWMIA MNOTeHUMan UMbPOBbIX
PEecypcoB, HO M BO3MOMXHblEe PUCKM LMbPOBM3aLMM: GPArMeHTapHOCTb BHUMAHMKA, CHUXKEHMe
rnybuHbl nepepaboTkM MHOOPMaUMM M HEeOoBXOAMMOCTb NefarorMyeckoro COMpOBOXAEHMA
LMPpPOBOTro obyyYeHms.

[Ona oboCHOBaHMA POAM MPOrPamMMMPOBAHMA B PA3BUTUM MbILWNEHUA TaKKe 3Ha4MMa
pabota M. B. KanuHWHOW «[lporpammmnpoBaHMe Kak CPeACcTBO PasBUTMA anropuTMUYECKOro
MbllWNeHnsa obyyatowmxca». B gaHHoOM paboTe nporpaMmmMpoBaHMe paccMaTpMBAETCA Kak
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CpeacTBO  GOPMMPOBAHMA  ANTOPUTMMYECKOTO  MblWAEHMA, a aaropuTMM3aumMa  —  KaK
NO3HaBaTE/IbHO-NPOEKTUPYIOWAA [AeATeNbHOCTb. ABTOP YKa3blBaeT, 4YTO pelleHMe 33aday Ha
KOMMbloTepe HEBO3MOXHO 0e3 CO34aHMA anroputma, a yMeHua pa3pabatbiBaTb CTpaTErunto
peleHna, BblABUIATb M MPOBEPATH TMMNOTE3bl, MPOrHO3MPOBATL Pe3y/abTaT, aHaM3MPOBaATb U
ONTMMM3MPOBATL pelleHMe MO3BOMAKT CyAuTb 00 YypOBHE pPasBUTMA aNrOPUTMMYECKOTrO
MbILWIEHNA 0OYYatOLLMXCS.

HopmaTnBHYtO OCHOBY MCCNeA0BaHMA COCTABASAIOT rOCYAapCTBEHHblEe 0bleobsa3aTenbHbIe
CTaHOapTbl obpa3oBaHua Pecnybamkm KasaxcTaH, TWNoBble y4yebHble MpOrpammbl Mo
obuleobpasoBaTeibHbIM  NpeAMeTaM, a TaKKe [OOKYMEHTbl, peryaMpytlolwmne CcoaepskaHue
0bpa3oBaHMA B CMCTEME TEXHMYECKOTO M npodeccnoHanbHoro obpasosaHma. Mpukas MuHmctpa
npocselweHns Pecnybnamkm KasaxctaH Ne 348 «O6 yTBEpXAEHUU TOCYAaPCTBEHHbIX
0bu1e06a3aTeNbHbBIX CTAHAAPTOB AOLWKO/bHOTO BOCMUTAHUA N 0OYYEHMA, HaYaIbHOrO, OCHOBHOMO
cpeaHero M obuero cpegHero, TeXHMYECKOro M NpodeccMoHanbHOro, nocaecpeaHero
obpasoBaHMA» onpeaenaet TpeboBaHMA K codep:KaHuio 0bpa3oBaHMs, YPOBHIO MOATOTOBKM
obyyvalolmxca, oXmaaembiM pesynbTatam obydeHua n GOPMMPOBAHMIO  PYHKLIMOHANbHOM
rPamoTHOCTM.

Tunosble y4yebHble nporpammbl  No npegmetam  «LndpoBasa rpamoTHOCTbY K
«MHPopMaTMKa» OTpaxKalT HeobxoAMMocTb GOPMUPOBaAHMA Y Obydatowmxcs UMdpoBbIX
HaBbIKOB, aNTOPUTMMUYECKOTO M BbIYUCAUTENBHOTO MbIWAEHWUA. B HayanbHOM WKoNe umdposas
rPamMOTHOCTb CBA3aHa C NMEPBUYHBIM OCBOEHMEM aNrOPUTMOB, BU3YyaslbHbIX Cpes, MPOCTEeMLNX
[EeNCTBM NO CO34aHMIO LMOPOBLIX MPOAYKTOB. B OCHOBHOM W cTaplwen WwKone npeamer
«/IHpopMaTMKa» obecneymnBaeT nepexos K Honee CAOKHOMY COAEPKAHMIO: aNrOPUTMU3ALLMK,
nporpamMmumpoBaHuio, paboTe ¢ AaHHbIMKM, MOAEAMPOBAHUIO U peleHuto  3afady  C
MCMONb30BaHNEM LUMPPOBLIX MHCTPYMEHTOB. ITO COOTBETCTBYET /IorMKe naatpopmbl Blockland.kz,
rae obyyatolimeca nepexoAaT OT BA0UHbIX aITOPUTMOB K MPOrpaMmHOMY Koay Ha Python u Java.

[Ona cuctembl TEXHUMYECKOrO M NpodeccMoHanbHOro 0bpa3oBaHMA 3HAYMMbIM ABAAETCA
npukas MuHucTpa npocselweHna Pecnybnmkm KasaxctaH No 1 «O6 yTBep:KAeHWMM TUNOBbIX
y4ebHbIX NPOrpamm UMK UAn moayns obuieobpa3oBaTeNibHbIX AUCUMNANH ANA OpraHuM3aumii
TexHu4yeckoro u npodeccmoHanbHoro obpasoBaHMA». [aHHbIA HOPMATMBHbLIA  [AOKYMEHT
onpeaenaeT coaepskaHue o0bUleobpa3oBaTeNbHbIX AUCUMNAMH A0S KOANeOMKeM, BK/toYas
ANCUMNAnHY «MHbOPMaTMKa», OPUEHTUPOBAHHYIO Ha Pa3BUTUE SIOTMYECKOTO, aITOPUTMUYECKOTO
M BbIYUCIUTENBHOTO MbllWAeHUs obydatoumxca. CnenosaTenbHO, NPUMeHeHre NaaTdopMbl
Blockland.kz nmeeT HopmaTMBHOE OCHOBAHME He TONbKO A1 YHUBEPCUTETCKOM NOATOTOBKM, HO U
ON5 OpraHn3aumnii TEXHUYeCKoro n npodeccnoHaibHOro obpasoBaHmA.

TakMm 06pasom, aHanM3 Hay4HbIX UCTOYHMKOB M HOPMATMBHbIX JOKYMEHTOB MOKa3bIBaEeT,
4yTO UMdpPOBble 0HBpPa3oBaTe/IbHbIE TEXHONOTMW MOTYT OKa3blBaTb MOJIOKUTENbHOE BAWAHME Ha
KOrHUTUBHbIE OYHKUMM ODYYAIOLMXCA TONbKO MPU YCAO0BMM WX METOAMYECKM ODBOCHOBAHHOIO
npumeHeHns. B paHHom uccneposBaHum nnatdopma Blockland.kz paccmatpuBaeTcs He Kak
CaMOCTOATE/IbHbIN TEXHUYECKNI Pecypc, a Kak AMAAKTUYECKM OpraHM30BaHHaA cpea, B KOTOPOM
CTYZE€HTbI BbIMONHAIOT AENCTBMA aHaIM3a, CPAaBHEHMA, aNTOPUTMM3ALMM, NMPOBEPKM, KOPPEKLMN U
pednekcnun. IMeHHo 3T1 aencTBMA obecneymBatoT Pas3BUTME BHUMAHMA, NaMATU, TOTMYECKOTO,
aNTOPUTMMYECKOTO U KPUTUYECKOTO MblLUEHUS.

Copep:kaHne obpasoBaTeibHOro Kypca Ha ocHoBe Blockland.kz

B pamKax sKkcnepuvmeHTanbHOM paboTbl Obln pa3paboTaH M BHeapeH 0bpa3oBaTe/IbHbIN
KYPC, OCHOBAHHbIN Ha KOHCTPYKTOpax 6/104HOro nporpammmpoBanHna. Kypc bbin HanpasBiaeH Ha
nocreneHHoe GOPMMPOBaHME Y CTyAeHTOB 0a30BblX MPOrPaMMHbIX, aANTOPUTMUYECKUX W
KOFHUTUBHbIX YMeHWN. Ero cogepkaHue Obl1O MOCTPOEHO C YYeTOM JIOTMKM nepexofa OT
BM3YyasIbHOrO MPOrPamMMMPOBAHMNA K TEKCTOBOMY MPOrpaMMHOMY KOAY.
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Kypc BKkAtoYan cnefytowime coaepatenbHble MOAYN:

BeeneHue B 6104HOE NporpammmpoBaHme n umudposyto cpeay Blockland.kz.
JInHelHble anropuTMbl U NOCAEA0BaTENbHOCTb AEUCTBUN.

MepemeHHble, TUMbl AAHHbIX M MPOCTENLINE Onepauunn.

YCNnoBHble onepaTopbl M NOrMYECKUe BblPaXKeHMA.

Linknnyeckme anropmntmei.

PaboTa C NpOCTENLLUMMM CTPYKTYPaMM AaHHbIX.

ConocTaBs/ieHMe BA0YHbIX KOHCTPYKLUMI C KOAOM Ha Python.
ConocTas/sieHMe 6A04YHbIX KOHCTPYKLUMI C KOAOM Ha Java.

. PelweHne 3aga4y B TpeHaxkepe.

10. AHanuz owmnboK 1 oNTMMM3aLMA aNTOPUTMOB.

11. WNToroBsble npakTUYeckne 3agaHmnsa n pedbaekcma y4ebHbIX pesyibTaTos.

OcobeHHOCTbIO Kypca ABNANOCH COYETaHME BU3YalbHOIO M TEKCTOBOrO NPOrPaMMMPOBaHMA.
Ha nepBom 3Tane CTyAeHTbl CTPOWAWM aNrOPUTMbl C MOMOLLbO OA0KOB, YTO MNO3BONANO
COCPenoTOUNTLCA Ha /IOTMKe pelleHna 3afayn. Ha cnegyroulem 3Tane ocyulecTBAANOCH
conocTaBneHne BN0YHOM CTPYKTYpPbl C aHaNOTMYHbIM KOAOM Ha Python w Java. Takoi noaxon
obecneymBan NOCTEMEHHbIN MNepexosd OT  HArAA4HOro  NpeAcTaBNeHWMA  anroputma K
dopmanmM3oBaHHOMY MPOrPAMMHOMY KOAy W  CnocobCTBOBaN  PasBUTUIO  JIOTMYECKOTO,
aNrOPUTMMYECKOrO U BbIYMCANTENBHOTO MbILUAEHMA.

Kypc 6bin MHTerpmMpoBaH B y4ebHbIM NpoLecc B pamkax NPakTUYecKmx 3aHATUN. OCHOBHOM
aKLUeHT Obln cAenaH Ha BbINONHEHWW 3afad, TpebylolwmMx aHaaMs3a YyCAoBMA, MNOCTPOEHUSA
anropmMTMa, BblIDOpPa COOTBETCTBYHOLLMX MPOrPaMMHbBIX KOHCTPYKLMIA, MPOBEPKM pesynbTaTa M
ncnpasneHnsa owmnbok. Takmum obpa3om, Kypc Hbin HanpaBneH He TONbKO Ha OCBOEHME OCHOB
NPOrpaMmMmMpPOBaHMA, HO U Ha Pa3BUTUE KOTHUTUBHbIX GYHKLUMIA CTYAEHTOB.
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166



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands

Tabnnua 1 — CopgeprraHne obpasoBaTenibHOro Kypca Ha ocHoBe Blockland.kz

Moaynb Kypca

Coagep:kaHne paboTsbl

Pa3BnBaeMble KOTHUTUBHbIE QYHKLMU

ONTUMM3ALNA peLleHni

BeeneHune B | 3HAKOMCTBO C MHTepdelncom, | BHUMaHWe, MOTUBALIMA, OPUEHTALMS B
Blockland.kz 610KaMK,  TpeHaskepom U | uMdpoBol cpeae
CUCTEMOMN 3a4aHWnI
NnHenHble lNocTpoeHne normyeckoe MblLLEHME,
aNroOpPUTMbI nocneanoBaTeNbHOCTH aNTOPUTMUYECKOE MbILLINEHNE
AencTeum
MepemeHHble 1 TUMbl | PaboTa C [aHHbIMM, | NamATb, aHanns, abctparnposaHme
AAaHHbIX 3HAYEHUAMM, NPOCTbIMM
onepauusmm
YcnoBHble Mcnonb3oBaHWe YCNOBUI U | NOTMYECKOE MbILINEHWNE, KPUTUYECKOE
onepaTopbl NOTUYECKMX BblPaXKeHMI MblLLNEHNE
Linknbl MoBTOpAlOLWIMECA  AEMCTBMA, | aATOPUTMUYECKOe MblLLNEHWE,

CKOPOCTb 06pPaboTKN MHbOpMaLMM

CTPYKTYpbI AaHHbIX

MpocTble cnMckn u Habopbl
3/1EMEHTOB

namsTb, Knaccupurrkauma, obobuieHne

Python-ananor ConocTtaBneHne 610KoB ¢ | abcTparMpoBaHue, NepeHoC 3HAHUN
Kogom Python

Java-aHanor ConocTaBneHne 610KOB C | @HanM3, CpaBHEHME, KPUTUYecKoe
Kogom Java MbILL/TIEHME

TpeHaxep PelweHune 3aau C | BHUMaHMe, CaMOCTOATE/IbHOCTb,
aBTOMATUYECKOMN MPOBEPKON | CKOPOCTb

AHanun3 ownbok Mowck n MCNpaBieHne | KpUTUYeCcKoe MbllneHne, pedaekcua
owmnbokK

NTOrosble 3a4aHNA KomniekcHoe peleHne | MHTerpauma KOrHUTUBHbIX QYHKLMIMA
33424

MaTepuanbl U METOLbI UCCNELOBAHUA. DKCNEPUMEHTASIbHOE UCCeJ0BaHME NPOBOANIOCH B
TeyeHMe [BYyX CemecTpoB Ha 0a3e Tpex 06pa3oBaTenbHbIX OpraHM3aumii: HKeTbicycKoro
yHuBepcuTeTa nMmeHn M. aHcyryposa, Ka3axcKoro HaluMoHa AbHOrO XeHCKOro neaarormMyeckoro
yHMBepcuTeTa M TanAblKOPraHCKOro BbICWEro MOAMTEXHUYECKOro Konnedska. Bblbop AaHHbIX
opraHusauuii 6bin  0bycnoBAeH HeobXoAMMOCTbIO NPOBEPKM 3PGEKTMBHOCTM NAaTGOPMbI
Blockland.kz B pa3Hbix 06pa3oBaTebHbIX YCNOBUAX: B YHUBEPCUTETCKOM NOATOTOBKE CTYAEHTOB U
B CUCTEME TEXHMYECKOTo U NpodeccroHanbHoro obpasoBaHms.

B nccnenosaHnm npuHAnm ydactme 157 ctyaeHToB 2—3 KypcoB B Bo3pacTe 16—18 neT. M3 Hux
79 4enoBEK BOLL/IN B SKCNEPUMMEHTANbHYIO rpynny, 78 4eNoBeK — B KOHTPObHYIO rpynny.
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Ta61w|u,a 2— Pacrlpe,u,eneHme pPECNOHAEHTOB MO O6paBOBaTeI'IbeIM OopraHM3aunam

JKkcnepumeHTan | KoHTposbHaA
O6pa3soBaTtenbHas opraHmM3auma bHaA rpynna rpynna Bcero
eTbicyckunit yHuBepcuteT umenn | 30 30 60
N. aHcyryposa
Kasaxckuni HaUMOHaNbHbIN | 25 24 49
HEHCKUI neaarormyecknii
yHUBepcuTeT
TanabIKOpraHcKmin BbiCLUIMI | 24 24 48
NONIUTEXHUYECKUI KON
Bcero 79 78 157

BbibopKa bblna chopmmpoBaHa € y4eTOM CONOCTaBMMOCTM Y4aCTHUKOB MO BO3PACTy, Kypcy
0by4YeHMA M UCXOAHOMY YPOBHKO MOAroTOBKM. KOHTPOAbHAA WM 3KCMepMMeHTanbHas rpynmbl
n3ydanm 61M3Koe No coaepraHuio yyebHoe coeprkaHuwe, OAHAKO pPas3nyanmcb No cnocoby
opraHmMsauum  y4yebHOM  AeATENbHOCTWU.  IKCMEepUMeHTanbHaa  rpynna  cucTeMaTUyecku
ncnonsv3osana naatpopmy Blockland.kz Ha 3aHATMAX, KOHTpPOAbHaA rpynna obydanacb bOes
PerynspHoro NpUMeHeHMa AaHHOM NAaTGopPMbl.

Mnatpopma Blockland.kz Bkatovana cnedyouime KOMNOHEHTbI:

1. Bno4yHoe NporpaMmmumpoBaHMe — BWM3yasbHaA cpeaa ANs NOCTPOEHMA aArOPUTMOB M3
rOTOBbIX NPOrpamMHbIX 6/10K0B.

2. AHanorm koza Ha Python u Java — conocTaBneHne 6104HON CTPYKTYpPbl aAropmuTma ¢
TEKCTOBbIM MPOrpPamMHbIM KOA0M.

3. TpeHaxep — MNpaKTUYECKMEe YNparKHeHUa AN 3aKpenaeHua NMHEeNHbIX aropuTMOB,
BETB/IEHUI, UMKIOB, NEPEeMEHHbIX 1 6a30BbIX CTPYKTYP AaHHbIX.

4. Habop 3ama4 — 33JaHWA PA3HOTO YPOBHS C/MIOXHOCTWU, HanpaB/ieHHble Ha pa3BUTUE
JIOTUYECKOro N arTOPUTMUYECKOTO MbILLNEHUA.

5. ABTOMaTM3MpOBaHHas NpoBepka — MKcaLMa NPaBUIbHOCTM BbIMOJHEHMS 3a4aHNI U
BO3MOYXHOCTb aHa/M3a OLWNOOK.

CoaepskaHne 3KCNepuMeHTaNbHOM paboTbl  OblI0 COOTHECEHO C  HOPMATUBHbLIMMK
TpeboBaHUAMN K PasBUTUIO LMGPOBON FPAMOTHOCTU, aITOPUTMUYECKOrO U BbIYUCAUTENBHOTO
MbILAEHWUA. ITO NO3BOAMUAO paccmaTpmuBaTb naatdopmy Blockland.kz He Kak AononHUTENbHBbIN
TEXHUYECKMIM pecypc, a KaKk CpeacTBO peanmsaumm 0bpa3oBaTe/ibHbIX  PEe3y/bTaTos,
NpeayCMOTPEHHbIX COBPEMEHHbIMIN TPEOOBAHUAMM K MOArOTOBKE 0OYYatOLLIMXCA.

VccnedosaHue nposoous10ce 8 mpu amana.

Ha nepsom, KOHCTaTUPYIOLLLEM 3Tane bblna NpoBeAeHa BXOAHAsA AMArHOCTUKA KOTHUTUBHbIX
OyHKUMA  cTyaeHToB.  OUEHMBANWUCL  BHMMaHME, NaMATb,  JIOTUYECKOe  MbllleHMe,
aNTOPUTMMYECKOE MblLLIIEHNE, KPUTUYECKOE MbILIAEHME, CKOPOCTb BbIMOAHEHMA NMPOrPaMMHbIX
3a/1a4, y4ebHaa ycneBaemoCTb U MOTMBALIMA.

Ha smopom, bopmumpytolem aTane CTyAeHTbl 3KCNEPUMEHTANbHOM rpynnbl B TeYeHMe ABYyX
cemecTpoB paboTanu c nnatdopmoit Blockland.kz. YyebHana aeAaTenbHOCTb BKAOYAa BbIMOIHEHNE
3a/1aHnI No 6104HOMY NPOrPAaMMMPOBAHMIO, CPaBHEHME BAOYHOM CTPYKTYPbI C KOAOM Ha Python
M Java, pelleHWe 33aZla4 B TPEHaxepe, CaMOCTOATE/NbHYKD MNPOBEPKY Pe3ynbTaToB M aHanu3
OLWKMBOK. KOHTpObHAA rpynna BbINOAHAAG aHANOTMYHble MO TEMATMKE 33/1laHNA B TPAAMLMOHHOM
dopmaTe, 6e3 cUCTeMaATUYECKOro MCNOAb30BaHWA NAaTGOPMbI.

Ha mpemeem, KOHTPONbHOM 3Tane bblna NpoBeaeHa NOBTOPHAA AMArHOCTMKA MO TEM XKe
NnoKasaTenam, YTo M Ha BXOAHOM 3Tane. 3TO MO3BOJIMAO COMOCTaBUTb pe3ynbTaTbl 40 U Nocne
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9KCMNEePUMEHTa, CPaBHUTb AMHAMWKY KOHTPO/JbHOM M 3KCNEPUMEHTA/IbHOW Trpynn, a TaKxke
onpeaenuTb  COOTBETCTBME  MOJYYEHHbIX Pe3y/NbTaTOB  MNPeABapUTENbHLIM  OXMAAHUAM
nccnefoBaHumA.

[JononHutenbHo nocne 3aBepuweHuAa  dopmupytowlero stana  6blaM  NpoBeAeHbl
aHKeTMPOBaHME M MONYCTPYKTYPUPOBAHHOE MHTEPBLIO CPeanM Y4acCTHMKOB Kypca. VIHTepBbto
BK/1t04a/10 BOMPOCHI O BOCAPUATMM NAATGOPMbI, TRYAHOCTAX NPM BbINONIHEHWM 3a4aHNI, yaobcTee
nepexoAa oT 6/7104HOTO MNporpammmpoBaHmMa K Python u Java, MOTMBAUMOHHOM BAWUAHUM
nnatGopmbl M NPEONOKEHMAX MO ee AanbHellwemy coBeplleHcTBOBaHM. OTaenbHo 6Hbina
cobpaHa obpaTHas CcBsA3b OT MNpenojaBaTesiel, y4acTBOBABLUIMX B OpraHMsaummM ydebHoro
npouecca.

JluazHocmuueckull uHcmpymeHmapuii

OnAa OueHKM BHWMMAHWMA mcnonb3oBanucb Tabauupl Wynbte. CTyaeHTam npeanaranmncb
Tabnanubl 5x5 ¢ unmcnamm ot 1 Ao 25, pacnonoXKeHHbIMM B CAy4aHOM Mopaake. 3aaada
3aK/Il04anacb B NOCAeA0BaTENbHOM HaXoXAeHun ymcen ot 1 ao 25 3a MMHMMaNbHOE BpemA.
duKcMpoBanock cpeaHee BPeMA BbINOAHEHNA cepum Tabaumu, B cekyHaax. JaHHbIM TecT no3BonAeT
OUEHUTb  KOHLEHTPAUMIO  BHWMMAHWA, YCTOMYMBOCTb  3PUTE/IbHOTO  MOWCKA, CKOPOCTb
nepeKkMtoveHna 1 obwmnin Temn nepepaboTkm MHPopmaLMK. Yem MeHbllie BPpemMA BbINOAHEHMA
3a/1aHK1A, TeM Bblle NOKa3aTeb BHUMAHMA.

[Nna oueHKM NamATU MPUMEHANCA TeCT Ha 3aNOMWHaAHWE W BOCMpPOM3BeAeHWe y4ebHOoM
nHdopMauun. CTyaeHTaM npeasiaranca Cnmcok M3 20 N1orMyeckn HemTpaibHbIX CIOB U TEPMUHOB,
CBA3AHHbIX C y4ebHON AeATenbHOCTblo. locne KpaTKOBPEMEHHONO NPeAbABNEHWUA YYACTHUKM
[ONXKHbI BbIN BOCNPON3BECTU MAaKCMMAIbHO BO3MOXKHOE KO/IMYeCTBO aieMeHToB. OugeHmBaHWe
ocyuwectsnanocb no 20-6annbHOM WKane: 3a Kaxapli NpaBuUIbHO BOCMPOW3BEAEHHbIN SN1EMEHT
Haumcnanca 1 6ann. JaHHbI TECT NO3BOINA OLEHUTb 06 beM KPaTKOBPEMEHHOM NAaMATM, TOYHOCTb
BOCMpOM3BEAEHMA U CNOCOOHOCTb yAepXMBaTb MHGOPMALMIO NOC/Ie OrPaHNYEHHOrO BPEMEHM
npeabABAEHUA.

[OnAa ANarHOCTMKM NOTMYECKOTo MblLNEHWA MCNONb30BaNCA a4anTMPOBaHHbIM GALT-TecT. B
nccnefoBaHMM  MPUMEHANACb  BEPCMA, BKAKOYAOWAA 33J4aHMA  Ha  NPOMNOpLUMOHaNbHOe
PACCyXAEHWe, KOHTPO/Ab MNEepeMeHHblX, BEPOATHOCTHOE  MbIlWAEHWe, KOpPPenaumoHHoe
MbILUNEHNE, KOMOMHATOPHOE pPacCy)KAeHWe U COXPaHEeHWe NOTMYECKMX 3aBMCMMOCTEWN.
MakcmanbHbii 6ann coctasun 20. TecT No3BOAUA ONpeaennTb ypoBeHb CHOPMUPOBAHHOCTU
NIOTUYECKMX onepaumi, HeobxoAMMbIX ANA peleHna y4ebHbIX U NPOrPaMMHbIX 3a4a4.

ANropyTMMYECKOEe MbIlNEHWE OLEHMBANOCL C MOMOLWBK MPAKTUYECKMX MPOTrPaMMHbIX
3afaHni. CTyaeHTam npegnaranmcb 3aayuM Ha COCTaB/leHWe anropuMTMa, WCNoab30BaHME
JIMHEMHOM CTPYKTYpbl, YC/OBHOrO oOnepatopa, LUMKAOB M MNPOCTEMWMX CTPYKTYP AaHHbIX.
OugeHuBaHMe nposoaunocb no 20-6annbHOM WKane C y4eTomM MPaBUIbHOCTM anropuTma,
nocnenoBaTe/IbHOCTN AENCTBUN, KOPPEKTHOCTU pe3ysibTaTa M CNocoBHOCTM OBbACHUTbL NOTMKY
peweHuns.

Kputmyeckoe mbllineHne oLEeHNBAN0Ch Yepes 3a4aHMA Ha aHaM3 M MCNpaBieHMe OWNDOOK.
CTyaeHTam npednaranncb GpparmeHTbl aAropuTMOB MAW NPOrPAMMHbIX PeleHun ¢ HaMepeHHO
AONYLWEHHbIMK oWnMbKamu. Heobxoanmmo 66110 onpeaennTs OWNBKY, 0ObACHUTL ee NMPUUNHY U
NPeanoXnTb KOPPEKTHbIN BapuaHT pelweHuns. MakcumanbHbii 6ann coctasmn 20. [JaHHbIN
MHCTPYMEHT MNO3BO/IM OLLEHMTb CMOCOOHOCTb 0ByYatOLMXCA K aHaNM3Y, MPOBEPKE, aprymeHTaumm
1 06OCHOBAHMIO BbIOPAHHOTO peLleHns.

CKOpOCTb BbINONHEHMA NPOrPAMMHbIX 33434 ONpeaenAanacb Ha OCHOBE CPeAHEro BpeEMEHM
peweHna TUnosoM 3adavn. PUKCMPOBANOCL BPEMA OT Hayana BbINOJHEHMA 33a4aHWA A0
NONy4YeHMA KOPPEKTHOTO pe3ynbTaTa. [ToKasaTenb M3MepPAACA B MUHYTaX.

YyebHaa ycneBaemocTb OnpeaenAnacb Ha OCHOBE pPe3yNbTaTOB TEKYWMX W WUTOToBbIX
3agaHuii no 100-6annbHOM WKane. MoOTMBaUMA M3yvanacb C MOMOLLBIO aHKETbI, BKIKOYAtOLWEN
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BOMPOCbl 06 WMHTepece K MporpammMmMpoBaHuto, yaobctee naatdopMbl, TOTOBHOCTW BbIMONHATD
3a/laHNA, BOCMPUATUM CNOMKHOCTM W YAOBNETBOPEHHOCTM Yy4yebHbIM npoueccom. OTBETbI
oLeHMBannCh No NATMbanNbHOM WKane flankepTa.

[Ons ctatuctmyeckor 06paboTKkM NPUMEHSANINCH METOAbI ONUCATENBHOM CTAaTUCTUKK, pacyeT
CpeaHWX 3HaYEHNM, CTaHAAPTHOrO OTKNOHEHWSA, CPaBHUTE/IbHbIM aHaM3 NOKa3aTenen 4o 1 nocne
aKcnepumeHTa. [na npoBepKM 3HAYMMOCTU PA3INYNI UCNONBb30BaNCA t-kputepmnin CTelogeHTa ANA
3aBUCUMbIX BbIODOPOK BHYTPM rpynn u t-KpUTepmMn ANA He3aBMCUMMbIX BbIDOPOK Mpu CpaBHEHMM
KOHTPO/IbHOW WM 3KCMepUMeHTaNbHOM rpynn. [pu MHTepnpeTauum pesynbTaToB CTaTUCTUYECKM
3HAYMMbIMM CHUTANNCL pa3nmuma npm p < 0,05.

Pe3ynbTaTbl ncCnen0BaHUA

BxogHaAa [AMarHOCTMKA MOKasana, YTO A0 Havana 3KCNepuMMeHTa KOHTPO/ibHaA U
aKCMepMMeHTaNbHaA rpynmbl UMenn 6AN3KNI YPOBEHb KOTHUTUBHBIX M y4ebHbIX NOKasaTenein. 370
NO3BO/IN/IO PACCMATPMBATD FPYNMbl KaK CONOCTaBUMble ANA AabHENLWero aHaamnsa.

Tabnmua 3 — [MHaMMKa KOFTHUTUBHBIX W y4eBHbIX NMoKasaTenen CTyAeHTOB A0 M nocne
aKCrnepMmeHTa

3KC. rp. | 3kc.  rp. | KoHTp. rp. | KoHTp.  Ip.
MNoKa3aTenb Ao nocne Ao nocne
BHMMmaHWe, Tabnnubl Lynbte, cek. | 51,8 42,6 52,1 48,9
MNamAaTb, bann ns 20 11,4 16,2 11,5 13,0
Jlornyeckoe mblwneHne, GALT, | 10,8 15,9 10,9 12,4
6ann un3 20
Anroputmmnyeckoe MbllWwneHne, | 9,8 16,1 9,9 12,7
6ann un3 20
Kputunueckoe mblwnexme, 6ann ns | 10,6 15,2 10,7 12,3
20
CropoCTb BbinONHeHMA | 14,3 9,7 14,1 12,5
NPOrpammHbIX 3a4a4, MUH.
YyebHan ycneBaemocTb, 6ann u3 | 68,4 82,7 67,9 74,2
100
YuebHaa moTnsauus, 6ann n3 5 3,24 4,31 3,21 3,56

Mo pe3synbtatam Tabauy, LynbTe B 3KCNepuMMeHTaNbHOW rpynne cpeaHee BpPems
BbIMO/IHEHWA 3a4aHNA COKpaTUAoch ¢ 51,8 0o 42,6 ceKyHAbl. YydlleHmne coCcTaBnao 9,2 cekyHApbl.
B KOHTpOAbHOW rpynne nokasaTesb nameHmnca ¢ 52,1 ao 48,9 cekyHApl, TO €CTb YyAy4lleHue
cocTaBuno 3,2 ceKyHabl. bonee BblpaXeHHaa JAMHAMMKA B 3KCNEPUMEHTANbHOW rpynne
CBMAETENbCTBYET O MNONOMKMTENbHOM BAMAHUMKM nnaTdopmbl Blockland.kz Ha KoHueHTpaumio
BHMMaHMA, CKOPOCTb 3PUTENBHOMO MOUCKA M MEPEK/IOYEHNE MEXKIY 3NEMEHTAMMU.

Pe3ynbTaTbl TECTA Ha NAaMATb MNOKa3a/n, YTO B IKCMEPUMEHTA/IbHON rpynne cpeaHunin 6ann
yeennumnca ¢ 11,4 no 16,2 n3 20. B KOHTPObHOM rpynne pocT coctasua ¢ 11,5 go 13,0 6anna. 310
NO3BONAET cAenaTb BbIBOA, O TOM, 4YTO PEryiApHOE BbIMOJHEHWE MNPOrPaMMHbIX 3a4aHWNM
CnocobCTBYET Pa3BUTMIO MAaMATU, NOCKOJbKY CTYAEHTYy HeobXxoAMMO YyAepHMBaTb B CO3HAHWUK
yC/iOBME 334ayM, NOCAef0BaTe/IbHOCTb AENCTBUI, 3HAYEHWA MEPEMEHHbIX M MPOMEXKYTOYHbIE
pe3ynbTaTbl.

Mo apanTupoBaHHOMYy GALT-TecTy cpeaHM MOKas3aTelb /IOTMYECKOro MbllWAEHUs B
aKcnepumeHTanbHOM rpynne nosbickaca ¢ 10,8 go 15,9 6anna n3 20. B KOHTPOAbLHOM rpynne
nokasaTtesib Bblpoc ¢ 10,9 o 12,4 6anna. Hanbonee 3ameTHana AnMHammnKa Oblna BblsBAEHA MO
3a4aHNAM, CBA3AHHbLIM C KOMOMHATOPHbIM  PACCYyXAEHMEM, KOHTPONAEM MEPEMEHHbIX U
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YCTaHOBNEHMEM NIOTMYECKMX 3aBUCMMOCTEN. ITO NOATBEPHKAAET, YTO paboTa ¢ aNroputMamm u
NPOrpamMMHbIMK  33@4aMM  aKTUBM3MPYET /IOTMYECKME Onepaumu aHanm3a, CpaBHEeHWs,
0606LeHMA N NPUYNHHO-CNEACTBEHHOTO 0O6bACHEHNS.

ANropuUTMMUYECKOE MbILLIJIEHME B 3KCMEPUMEHTAIbHOM rpynne nosbicuaock ¢ 9,8 o 16,1
6anna. B KOHTPONLHOM rpynne nokasaTtenb yseanumaca ¢ 9,9 no 12,7 6anna. [aHHaa AMHAMMKa
ABNAETCA 3aKOHOMEPHOM, NMOCKO/bKY codep»kaHune nnatdopmbl Blockland.kz HenocpeacTBeHHO
CBA3AHO C MOCTPOEHWEM QANTOPUTMOB, MCMONb30BAaHWEM YCNOBWIA, LMKAOB, MEPEMEHHbIX W
nocnenoBaTe/IbHOM NPOBEPKOM pe3yabTaTa.

MoKasaTelb KPUTUYECKOTO MbILLEHMA B 3KCMEpMMEHTaNbHOM rpynne Bbipoc ¢ 10,6 go 15,2
6anna. B KoHTponbHOM rpynne pocT coctasun ¢ 10,7 ao 12,3 6anna. 310 0H6HBbACHAETCA TEM, YTO
CTYAEHTbI 9KCNEPUMEHTANbHOM rpynnbl PerynapHO aHaAM3MPOBaNN OWMOKKN, CpaBHMBANM pa3Hble
cnocobbl pelleHns, NPOBEPAIN KOPPEKTHOCTb a/ITOPMUTMa M 060CHOBbLIBAM BbIOPaAHHbIM BapUaHT.

CKOpPOCTb BbIMONHEHWA MPOrPAaMMHbIX 33Za4 B 3KCMEPUMEHTA/IbHOM rpynne yayvwmnnacs ¢
14,3 no 9,7 MUHYTbI. B KOHTPOALHOM rpynne nokasatenb namenHuncs ¢ 14,1 o 12,5 MuHyTbl.
CnepnoBatenbHO, MCNOAb30BaHWE NAATGOPMbI CNOCOHBCTBOBANO HE TONbKO MOBbIWEHMIO KAYeCcTBa
peleHna 3a4a4, HO U YCKOPEHMIO BbINOHEHWA aNTOPUTMUYECKUX AENCTBUN.

Y4yebHadA ycneBaeMoCTb CTYAEHTOB SKCNepPUMeHTabHOM rpynnbl NoBbickAack ¢ 68,4 0o 82,7
6anna n3 100. B KOHTPO/IbHOM Tpynne pocT cocTaBua ¢ 67,9 Ao 74,2 6anna. 370 NOKasbIBaeT, YTO
Pa3BUTME KOTHUTMBHbLIX QYHKLMIA CONPOBOXKAANOCH YNyYlEeHNEM y4ebHbIX pe3ynbTaTos.

Ona 6onee petanbHoOro aHanusa bbina nposedeHa AvddepeHUMaUMa pe3ynbTaToB MO
obpas3oBaTeIbHbIM OPraHn3aLnAM.

Ta61w|u,a 4 — ,ﬂ,MHaMVIKa CpeOHEro MHTErpasibHOro nokasatesa KOorHMTUMBHOIo pPa3BnUTUA NO
O6pa3OBaTe}'IbeIM OopraHunsaumam

ObpasoBaTenbHas 3KC. rp. | 3Kc. rp. | KoHTp. rp. | KoHTp. p.
opraHunsauma ao nocne ao nocne
eTbicycknit - yHmMBepcuTteT | 58,6 80,4 58,9 68,7

nmenun M. aHcyryposa

Kasaxckuii  HauMoHanbHbIM | 57,9 79,1 58,1 67,5

KEHCKMI  NeaarorMyeckmia

yHUBEpcUTET

TanablKopraHckMn - Bbiclwimii | 56,8 76,9 57,0 65,8
NOJIUTEXHUYECKUM KONNeax

MHTerpanbHbIM NOKasaTenb Obln pacciMTaH Ha OCHOBE YyCpeAHEHWA HOPMMPOBAHHbIX
Pe3ynbTaToB NO BHUMAHMIO, MAaMATU, TOTUYECKOMY MbILLJIEHWIO, aATOPUTMUYECKOMY MblLAEHUIO,
KPUTUYECKOMY MbILNEHNIO M CKOPOCTW BbINOAHEHUS 3adaHuii. Haubonblimini npupocT 6bin
BbIABNEH B 3KCMEPMMEHTANbHOM rpynne MKeTbICyCKOro yHuBepcuteTa mmeHun M. aHcyryposa:
nokasaTesnb ysenmumncs ¢ 58,6 po 80,4 6Hanna. B KaszaxCKOM HaUMOHA/NbHOM EHCKOM
neaarorMyeckom yHMBeEpCUTeTe MnokasaTtesb Bbipoc ¢ 57,9 ao 79,1 6anna. B TanablkopraHcKom
BbICLUEM MONUTEXHUYECKOM KONNeKe TakKe Oblna 3adMKCMpPOBaHa NONOKUTENbHAA ANMHAMMKA
— ¢ 56,8 go 76,9 6anna.

MonyYeHHble AaHHblE MOKA3bIBAtOT, YTO NONOKUTENBHOE BAMAHKME NaaTdopmbl Blockland.kz
NPOABMNOCL BO BCeX Tpex 0bpasoBaTesibHbIX OpraHu3aumax. Mpu 3ToM pasanuma B ypoBHe
npupocta MoryT ObITb CBfA3aHbl C WCXOAHOW NOArOTOBKOM CTYyAEeHTOB, OCOBEHHOCTAMM
0bpa3oBaTeNbHOM  MPOrPamMMbl,  KOMYECTBOM  MPAKTUYECKMX  3aHATMM M ypOBHEM
CaMOCTOATENIbHOCTMN 0by4atoLmxca.

171




Proceedings of the 13th International Scientific Conference

ConocTaB/ieHNe OXKMAAEMbIX M NOSYYEHHbIX Pe3yAbTaToB

OpHOM M3 33Z@4  WcCNedoBaHMA  ABAANOCL  COMOCTAB/NIEHME  MOJYYEHHbIX
9KCMEPUMEHTANIbHbBIX AAHHbIX C NPeABapUTENbHbIMU OXMAAHUAMM NPOEKTa. Takoe CpaBHEHWe
NO3BO/IMAO ONPeAeNUTb, KaKMe MONOMKEHWUA TMNnoTesbl NOATBEPAMIMCE MOHOCTBIO, Kakne —
4YaCTMYHO, a KaKkne TPebyIoT AaNbHENLIEeN NPOBEPKM.

Tabnmua 5 — ConocTaBneHMe 0KMAAEMBIX U NOAYYEHHbIX Pe3ybTaToOB UCCAEA0BaHUA

CreneHb

OXKnaaemblii pesynbTaTt MonyyYeHHbI pesynbtat NOATBEPHKAEHMA
MoBbllweHne KOHUeHTpauumn | CpeaHee BpemAa BbIMOAHEHMA Tabauy, | MoaTsepKAeHO
BHMMaHuA  cTyaeHToB  npu | WynbTe B aKCnepuMeHTanbHOM rpynne
BbINOJHEHWM Y4ebHbIX 3aA4aHWI | cokpaTuaock ¢ 51,8 1o 42,6 cekyHAabI
YaydweHue nokasatenen | CpegHuin  Bann no TecTty namsaTu | MNoaTeBep:KaeHo
namsaTK 3a cuyeT perynaapHoro | yBenmumncs c 11,4 no 16,2 6anna ns 20
BbIMO/IHEHWA aITOPUTMUYECKMX
334aHui
PasBuTHe normyeckoro | Mokasatenb GALT nosbicnaca ¢ 10,8 oo | NoaTeepaeHO
MblleHna 4epes paboty c | 15,9 6anna 13 20
anropuTMamm 7z
NporpammHbIMM 332 a4amMu
PassutmMe  anroputmuyeckoro | MNokasaTesnb anropuTmmyeckoro | Noateep>aeHo
MblWNEeHNA 4Yepe3 B104HOe | MblwneHus Bbipoc ¢ 9,8 o 16,1 6anna
nporpammupoBanune, Python u | ns 20
Java
Passutne KpuTnyeckoro | NokasaTesib KPUTUYECKOro MbllwieHna | MoaTsep»KaeHo
MblIlieHMA  Yepe3  aHanums | Bblipoc ¢ 10,6 ao 15,2 6anna ns 20
OWNDBOK M CpaBHEHMNE PeLlEHMI
MosbiWeHne yyebHon | CpegHuii  MoKasaTenb  MoTMBauuM | MNoaTBep»KAeHO
MOTMBALUMM CTYAEHTOB Bbipoc ¢ 3,24 ao 4,31 6annamns 5
MonHoe oTcyTcTBME TPpyaHOCTEN | 35,4% CTyAeHTOB OTMETUAM TpyAHOCTU | [MoaTeepKAeHO
npu nepexoge oT 6/IOKOB K | Npu nepexode oT 610KoB K Python m | YyacTuYHO
TEKCTOBOMY KOAY Java
MosblweHne y4yebHol | CpegHMIM NokasaTenb ycnesaemMocTu B | [oATBEPKAEHO
ycrneBaemocTu 9KCNepUMeHTaNbHOWM rpynne

nosbicuacs ¢ 68,4 no 82,7 6anna

ConocTaB/ieHWe MOKas3ano, YTO OCHOBHblE OXWAAHWA WUCCNeaoBaHWA MOATBEPANINUCS.
Hanbonee BbiparkeHHas MONOKMUTENbHAA AMHAMWKa Oblna BbiiBEHA MO JOTMYECKOMY M
aNrOPUTMMYECKOMY  MbILINEHUIO, YTO COOTBETCTBYET COAEpKaTeNbHOM HanpaB/eHHOCTU
nnatdopmsbl Blockland.kz. YacTnuuHo noaTsBepAnnoch oxuaaHue, ceasaHHoe ¢ becnpobaemMHbim
nepexoaomM OT 6/104HOr0 MPOrPaMMMPOBAHMA K TEKCTOBOMY Koay. HecmoTpa Ha obulyto
MNONOMKUTENbHYIO  OUEHKY  NAaTGOopMbl, 4YacTb  CTYAEHTOB OTMEeTMAa  HeobxoAMMOCTb
[OMONHUTENbHbBIX MOACHEHUI npu nepexode K Python w Java. [laHHblM pe3ynbTaT uMmeeT
MPaKTUYECKYI0 3HAaYMMOCTb, MOCKO/IbKY YKa3blBaeT Ha KOHKPETHOE HamnpaB/ieHne AasbHenero
COBEPLIEHCTBOBAHMA NAAaTGOPMbI.
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Pe3ynbTaTbl ONpOCa CTYAEHTOB 3KCNEePMMEHTAIbHON rpynnbl

Mocne 3aBeplweHns dopmupytowlero 3stana 6bln  nNpoBeaeH OMNPOC  CTyAEHTOB
9KCNEPUMEHTaNIbHOM rpynMbl. B aHKETUPOBAHMU MPUHAAM ydacTre 79 pecnoHaeHToB. AHKeTa
BK/ItOYaNa BOMPOCHI, HAMpPaBAEHHble Ha BbIABNEHME OTHOWEHMA CTYAEeHTOB K nnatdopme
Blockland.kz, ynobctBa ee UCNONb30BaHWA, BAUAHMA  HA  MOTMBALUMIO, TMOHUMaHME
NPOrpammMmMpPOBaHMA U TPYAHOCTEN, BO3HMKLWNMX B NpoLecce paboTbl. OTBETbI GUKCMPOBANNCHL MO
nNATMBaNNbHOM LWKane, a Takke B dopmate BbibOpa yTBEPKASHUN.

Tabnmua 6 — Pe3ynbTaTbl ONPOCa CTYAEHTOB 3KCNEPUMEHTaNbHOW rpynnbl

Konnyectso
[MoKa3saTeb onpoca CTYAEHTOB ona, %
p ya, Hona,

Mnatdopma nomorna nyyiie NOHATb NOTUKY aNITOPUTMOB 72 91,1 %
bnoyHoe NpPOrpaMmmmpoBaHmne obnerynno ocsoeHue | 70 88,6 %
NpPOrpamMmmMmMpoBaHMNA

ConocTasneHune 610KoB ¢ Python 1 Java 6b1710 nofe3HbIM 67 84,8 %
PaboTa c TpeHaxKepom MoBbICUAA UHTEPEC K 3aHATUAM 64 81,0%
Habop 3a4a4 cnocobcTBOBa CaMOCTOATEIbHOM paboTe 66 83,5%
MnaTpopma Nomorna bbicTpee HaxoAuTb OLWNOKM B aAropuTMax 62 78,5 %
NHTepdenc nnatpopmbl Obla NOHATHBIM M YA0OHBIM 69 87,3 %
Bo3HmKanu TpyaHOCTM Npu nepexoae oT 610KOB K TEKCTOBOMY Koay | 28 35,4 %
Tpebosanack bonee noapobHaa obpaTHasa cBA3b NpuM oWMbKax 22 27,8%
BO3HMKaNM TexHUYecKMe TpyAHOCTN Npu paboTe ¢ nnaTdopmon 10 12,7 %

Pe3ynbTaTbl ONPOCa MOKa3blBatOT, YTO OONBbLUMHCTBO CTYAEHTOB MONOXKMUTENBHO OLEHUAN
ncnonsb3osaHne nnatdopmbl Blockland.kz. Hanbonee BbicoKM MoKasaTenb Obll MOJyYeH Mo
YTBEPXKAEHMUIO O TOM, YTO NAaTGopma NOMOrAa Nyywe MOHATb JIOTMKY aArOPUTMOB: C 3TUM
cornacmnmce 72 cTydeHta, u4to coctasuno  91,1% ot obuwero uucna  y4acTHMKOB
9KCNEePUMEHTANbHOM rpynnbl. 9TO NOATBEPKAAET, YTO BM3ya/ibHOE NPeACTaBAeHMEe NPOrPaMMHbIX
KOHCTPYKLUMI cnocobCTBYET OCO3HAHHOMY BOCMPUATMIO aNITOPUTMUYECKOM CTPYKTYPbI 3a434M.

Takxe 88,6% CTyZAeHTOB OTMETUAN, 4TO B104HOE NPOrpamMMpPOBaHne 061er4nao oceoeHme
nporpamMmmpoBaHma. [aHHbl pe3ynbTaT O0COOEHHO BarKEH, MOCKO/IbKY Ha HavyasbHOM 3Tane
M3y4YeHMsa NPOrPaMMMPOBaHMA 0DYYaIOLLMECA YaCTO CTANIKMBAKOTCA C TPYAHOCTAMM, CBA3AHHBIMM
C CMHTAKCMCOM A3blKa, CTPYKTYPOM KOAA U MOHUMAHWEM NOTUKWN BbINOAHEHWA KOMaHA. baoyHasa
dopma npeacTaBNEeHWA aANrOPUTMa MO3BOMAET CHU3WUTb 3TU TPYAHOCTM WM COCPeAoTOuMTb
BHMMaHME Ha CMbIC/IOBOM CTOPOHE peLleHuA.

MonoxuTenbHo bblna oLeHeHa BO3IMOXKHOCTb CONocTaBnenna 61okos ¢ Python u Java. 3toT
KOMMOHEHT nnaTdopmbl oKaszanca nonesnoiM ana 84,8% cryaeHtoB. CnefoBaTeslbHO, CBA3b
MeXAy BM3yanbHbIM aTOPUTMOM M TEKCTOBLIM MPOTrPaMMHbIM KOAOM NomoraeT obyyatowmmes
NOCTENEHHO MNepexoAMTb OT HarAAAHOro ypPOBHA MOHMMaHWMA K Bonee GopmannsoBaHHOMY
NPOrpammMmMpoOBaHMIO.

PaboTa C TpeHa)kepom MoBbiICMAA WHTepec K 3aHATMAM Yy 81,0% cTyaeHToB. 3TO
CBMAETENbCTBYET O MOTMBALMOHHOM noTeHuMane nnatdopmbl. [lpakTUYeckne 3agaHms,
BO3MOXHOCTb CaMOCTOATE/NIbHOM MNPOBEPKM M MNOCTENEHHOE YCNOXHEHWE COAEepPrKaHMA
CNocobCTBYIOT MNOBbLILLEHMIO BOBIEYEHHOCTN 0BYy4YatoWMXCA B y4ebHbIM npoLecc.

Mpn 3TOM ONPOC MO3BOAUA BbIABUTbL M ONpeAeneHHble TpyaHoCTU. Tak, 35,4% cTyaeHToB
YKa3anu, YTo y HMUX BO3HWMKA/IM CNOXKHOCTU NpK nepexode oT H6104HOro NMPOrpamMMmMpPOBaHMNA K
TEKCTOBOMY KOZy. 3TO NMOKa3blBaeT HEOOXOAMMOCTb BKAOYEHNA B N1AaTGOPMY AOMNONHUTENbHbIX
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MNOACHEHWN, NOLIAroBbIX KOMMEHTAPUEB M 3a[aHWNI, HAaMNPABNEHHbIX MMEHHO Ha CONOCTaBAeHME
610K0B C cMHTakcmcom Python u Java. Kpome Toro, 27,8% pecnoHAeHTOB OTMETUAM NOTPebHOCTbL
B bonee noapobHoi obpatHOM cBA3M Npu owmnbkax. CneaoBaTeNibHO, AasbHelllee pa3BUTME
nnaTdopMbl AO0MKHO ObiTb CBA3AHO C PACWIMPEHMEM AMATHOCTUYECKMX M OOBACHUTE/bHbIX
bYHRUMNA.

B uenom pe3synbTaTthl onpoca noATBepxaatoT, 4To  nnatdpopma  Blockland.kz
BOCMPMHMMAETCA CTyAEHTAMM KaK YA0OHbIN, NOHATHbLIMA M NOAE3HbIA MHCTPYMEHT A4 U3yYeHUA
NPOrpaMmmMpPoBaHMA N Pa3BUTUA KOTHUTUBHbIX GYHKUMM. OCOBEHHO 3HAaYMMbIMM OKa3aMUCh Takme
XapaKTEPUCTUKN, KaK BM3yasibHOCTb, MPAKTMYECKas HaMnpaBAEHHOCTb, HaAMuMe TpeHaxepa,
BO3MOYXHOCTb CAMOCTOATEIbHON PaboTbl 1 CBA3b B/10UYHBIX KOHCTPYKLUMM € A3blkamu Python 1 Java.

Pe3ynbTaTbl MHTEPBbLIO CTYAEHTOB M NpenoaasaTene

[Nna nony4yeHmna KayecTBEHHbIX AaHHbIX MOC/e 3aBepLieHna 0bpasoBaTeIbHOro Kypca bbiio
NpoBeAEeHO MONYCTPYKTYPUPOBAHHOE WMHTEPBbLIO C YYACTHMKAMM 3KCMEPUMEHTANIbHOM Fpynmbl.
MHTEepBbIO MO3BOMAO YTOYHUTb, KaKMe acnekTbl nAaTGopmbl CTyAEHTbI CYMUTAOT Hambonee
NONE3HbIMMU, KakMe TPYAHOCTM BO3HWMKaAW B npouecce obyyeHUs M Kakume NpeasioKeHUsa OHM
CYMUTAOT BaXKHbIMW A5 JanbHelwero coseplueHcTsoBanma Blockland.kz.

Mo pe3synbTaTaM WHTEPBbLIO CTYAEHTbl OTMETMAM, 4To Ono4vHaa CTpykTypa obneryaet
nepBMYyHOE NOHMMaHWe anroputma. o WX MHEeHWO, BM3yanbHOe NpeACcTaBAeHWE KOMaHZ,
nomoraeT HbiCTpee NOHATb NOCeA0BaTENIbHOCTb AENCTBUIA, NOTUKY YCOBUA U CTPYKTYPY LMKAA.
OcobeHHO nonesHbIM CTyAEeHTbl Ha3Ba/iM conocTaBneHne 610KOB C Kogom Ha Python wu Java,
MOCKOMbKY 3TO MO3BONMAO MM YBMAETb CBA3b MENAY BW3yaslbHOM MOLENbID W TEKCTOBbIM
NPOrpaMmmpoBaHMEM.

OAHOBPEMEHHO  YYaCTHWMKM  WMHTEPBbKD  yKas3anu, 4TOo nepexog OT  H104HOro
NPOrpaMmMmMpoOBaHMA K TEKCTOBOMY KOy He Bcerda ABnAeTcA NpocTbiM. Hambonee 4vacTbimu
TPYAHOCTAMM CTanu MOHWMaHME CuHTakcuca Python u Java, HeobxoAMMOCTb MPaBUALHOTO
HanMMCaHWA KoMmaHA, paboTa C ownbKamMm M  HeaoCTaTOK MNoApOOHbIX MNOACKA30K Npwu
HenpasMAbHOM pelueHun. CTyaeHTbl NPeanoXmnm Aob6asuTs 6oblle NOWAroBbiX 0OBACHEHWUN,
NPYMEpPOB C KOMMEHTAPUAMM M 33aHNIN PA3HOTO YPOBHA COXKHOCTMU.

[JononHutenbHo 6Oblna nposedeHa OUgeHKa 06paTHOM CBA3WM OT npenogaBaTenen,
y4acTBOBaBIUMX B OpraHusaumm ydyebHoro npouecca. [lpenogaBateny OTMETUAW, YTO
ncnonb3oBaHne nnatdopmbl Blockland.kz no3BonnMaO MOBbLICUTL AKTUBHOCTb CTYAEHTOB Ha
MPAKTUYECKUX 3aHATUAX, YCKOPUTb MPOLECC NPOBEPKM OA30BbIX aNrOPUTMUYECKMX AENCTBUNA U
caenatb 6onee HarnaAHbIM Nepexosd OT 6/104YHOrO MPOrPaMMMPOBAHMA K TEKCTOBOMY Koy Ha
Python 1 Java. Bmecte ¢ Tem npenoaasBaTenn 0003Ha4YMIM HaANpPaBAeHUS [Aa/bHENLLEro
COBEpPLUEHCTBOBAHMSA N1aTGOPMbI: PacLUMPEHME CUCTEMbI aBTOMATM3MPOBAHHOM 0OPaTHOM CBA3MN,
nobasneHne MeToAMYECKMX PEKOMEHAAUMI AN NPenoAaBaTens, BKAOYEHWE 3a4aHWI pa3HbIX
YPOBHEMN CNOXHOCTM M CO3aHNE aHAIMTUYECKOTO MOAYNA ANA OTCAEXMBAHMA UHAMBUAYANbHOM
AMHAMMKK 0ByYatoLwmxcs.

Takum 06pa3om, pe3ynbTaTbl WMHTEPBbLIO MNOATBEPAMAM [AAHHbIE AHKETMPOBAHMA U
NO3BO/IMAW BbIABUTb KOHKPETHble HanpasieHWs yaydleHua obpasoBaTesibHOM MAaTGOPMBbI.
KayecTBeHHbIN aHaNAM3 MoKasaa, YTo NAaTGopma MMEET BbICOKMI AMAAKTUYECKMIA NOTEeHLMaN,
O[HAaKO A/1A NOBblWEHMA ee 3PPEKTUBHOCTM HEOBXOAMMO YCUAUTL METOAMYECKYIO MOALEPIKKY
nepexoAa OT BM3ya/lbHOrO MPOrPaMmMMpPOBaHMA K TEKCTOBOMY KOAY.

ObcyxaeHne pe3ynbTaTos

MonyyeHHble pes3ynbTaTbl MO3BONAKOT CAENATb BbIBOL, O MOJOMKUTENbHOM BANAHUM
nnatdopmsbl Blockland.kz Ha pa3BuTME KOTHUTUBHbLIX PYHKLUMM CTyAeHTOB. Hanbonee BbipaxkeHHan
AMHaMKKa Oblna BbiABAEHA MO MOKa3aTeAAM I0rMYECKOro U aArOpUTMMYECKOrO MbllWAeHUA. ITO
0bbACHAETCA coaepKaTeNbHON cneundunkoin NnaTGopmbl, MOCKOAbKY paboTa C NPOrpaMMHbIMM
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3afa4amn  TpebyeT aHanuM3a YCNOBMIM, MNOCTPOEHMA aNropuTma, BblibOpa MNPOrpPaMmHOM
KOHCTPYKLMKN, MPOBEPKM pe3ynbTaTa U MCnpaBaeHna oWnboK.

Pe3ynbTaTbl MCCNeA0OBaHWA COrfacytoTcs ¢ nonoxeHmamm C. [lelnepta o TOM, 4TO
NporpammmpoBaHme MoXKeT BbITb CPeACTBOM Pa3BUTUA MblLUIEHWA, MOCKONbKY 0byyatowminca 8
npouecce paboTbl co3gaeT cOBCTBEHHbLIN MPOAYKT M aKTMBHO KOHCTPYMPYET 3HaHMA. TaKkxkKe
pe3ynbTaTbl COOTHOCATCA C MAeAMM K. YUHT O BbIMMCANTENBHOM MbIWAEHMW, BKAKOYAOWEM
AEKOMNO3NUMIO, anropuTMmM3aumio, abcTparMpoBaHMe W oueHKy pesynbtata. [loaxoapl K.
BpeHHaH 1 M. Pe3HMKa K pa3BUTUIO BbIMMCANTENBHOTO MbIWAEHUA B BM3YabHbIX MPOrPaMMHbIX
cpenax TaKKe MOATBEPKAAKT 3HAYMMOCTb 6/104HOrO MPOrpamMMMPOBAHMA KAk CpeacTsa
BOB/IEYEHMNA 0OYYAIOLLMXCA B aKTUBHYIO MHTENNEKTYabHYIO AEATENbHOCTD.

CywecTBEHHYIO PO/b B MHTEPMNPETaLUMN pe3yabTaToB urpaet pabota M. B. KanuHuHon, rae
NOAYEPKMBAETCA, YTO ANTOPUTMUYECKOE MbILLNEHNE CBA3AHO C yMeHMem pa3pabaTbiBaTtb
CTpaTernio pelleHnsa 3a4ayun, BblABWUIaTb M MPOBEPATb MMNOTE3bl, MPOrHO3MpPOBaTb PEe3y/bTarT,
aHaM3MPOBATb WM HAXOAWMTb pPaLMOHaNbHble cnocobbl pelweHna. VIMeHHO Takue aOenlcTeumA
BbINO/IHAIMCH CTYAEHTAaMM IKCNEPUMEHTANLHON rpynnbl Npy paboTe ¢ naatdopmoint Blockland.kz.

MonoxuTenbHaa AMHAMMKA BHUMAHWMA MOXKeT OblTb O0OBACHEHA Tem, UYTO BbIMOJHEHME
3aZlaHui Ha nnatdopme TpebyeT NOCTOAHHOM KOHLEHTPAUMKM, KOHTPONA NOCAeA0BaTebHOCTU
[EeNCTBMIN M COMOCTAaBNEHUA BM3yasbHbIX O0KOB C MPOrpaMMHbLIM KOAOM. Pa3BuTME MamATH
CBA3AHO C HEOBXOAMMOCTbIO YAEPHKMBATb B CO3HAHMM YCA0BME 33[a4n, CTPYKTYPY anropuTma,
3HaYeHMA MNepeMeHHbIX M MNPOMEXKYTOYHble pe3ynbTaTbl. POCT KPUTMYECKOro MblWaeHuA
0ObACHAETCA TeM, YTO CTyAEHTbl PEryNapHO aHaNM3MPOBaaM OWMOKK, CPaBHMBAAW BAPUAHTLI
peleHna n 060CHOBbLIBaM BbIDPAHHbIM aNrOpUTM.

C yuyetom uccnegosaHuii E. A. Asaeesoin n O. A. KOpPHMNOBOM Ba*KHO OTMETWUTb, YTO
undpoBaa cpea MOXKET WMeTb HEOAHO3HAYHOe BAWAHWE Ha KOTHUTUBHbIE  QYHKUMK
obyyatowmxca. C 0gHON CTOPOHbI, OHa PacWMpPAeT BO3MOXKHOCTM 0Dy4YeHWA, BU3yanu3aumm u
WHTEPAKTMBHOM NPaKTUKK. C Apyrom CTOPOHbI, NPU HELOCTAaTOYHON METOAMYECKON OpraHmM3aumm
umdpoBaa cpega  MOXKET yCUAMBaTb  MOBEPXHOCTHOE  BOCMpMATME  MHPOpMauMM  ©
dparmeHTapHOCTb BHUMaHWA. [lo3TOMy pe3yabTaTbl HACTOAWEro WccneaoBaHWA cneayet
CBA3bIBATb HE TO/IbKO C NMPUMEHEHMEM NAATGOPMbl KaK TEXHMYECKOrO MHCTPYMEHTA, HO U C ee
nefarormyeckn HanpasaeHHbIM MCMO/Ib30BAaHMEM Ha 3aHATUAX.

KasaxcTtaHCKne M poccuinckme uccneaoBaHns B o6nactn nHbopmatmsaumm obpa3oBaHMs
TaKXKe NOATBEPXKAAT HEOBXOAMMOCTb MeToAMYECKM O0BOCHOBAHHOMO NMPUMeEHeHMA LMOPOBbLIX
TexHonorui. B Tpyaax E. bl. buganbekosa, I'. K. Hypraaneson, N. B. Pobept, E. C. Monat, M. I1.
Nanunka m A, A. Ky3HeloBa noAYepKMBAETCA, 4YTO UMPPOBblIE TEXHONOIMU CTAaHOBATCH
3bDEKTMBHBIMM TONBKO TOrAa, KOr4a OHW BCTPOEHDI B coAepKaHMe 0byYeHna 1 HanpasaeHbl Ha
aKkTMBM3aUMo yyebHol peatenbHoctu. Wccneposanms A. O. AnpabepreHoso u P, E.
AbayanveBow TakKe NO3BONAIOT PACCMATPMBATb MHTENNEKTYaIbHbIE M LMGPOBbLIE TEXHONOTUN KaK
Ba*KHbI KOMMOHEHT COBPEMEHHOW NOArOTOBKMN BYAyLLMX Neaaroros.

HopmaTtuBHble AOKyMeHTbl Pecnybnmkm KasaxcTaH NoOATBEPXKAAIOT  MPaAKTUYECKYHO
3HAYMMOCTb MOAYYeHHbIX pe3ybTaTtoB. TpebosaHma FOCO PK, TMnosbix y4ebHbIX NporpaMmm no
LMPPOBOM rPaMOTHOCTN U MHOOPMATUKE, a TaKKe MPOrpaMmm 1A OpraHM3aLUMin TEXHUYECKOTO U
npodeccnoHanbHoro ob6pa3oBaHMA OPUEHTUPYIOT MNefarornyeckyto MNPaKTUKY Ha passuTue
GYHKUMOHANbHOM FPAaMOTHOCTM, UMOPOBLIX HABbIKOB, 0OMMYECKOro, anropuTMUYEcKOro wu
BbIYMC/IMTENBHOIO  MbllWeHUA. B 3TomM  KoHTeKkcTe nnatdpopma  Blockland.kz  moxet
PacCMaTpPMBaTbCA KaK WHCTPYMEHT, COOTBETCTBYHOLLMA COBPEMEHHbIM 0bBpa3oBaTelbHbIM
npuopuTETam 1 CNOCOBCTBYHOLLMIA AOCTUKEHMIO OXKMAIEMbIX PE3Y/IbTATOB 0OyYeHUs.

MonoxuTenbHaa AMHaMMKa NO BCeM Tpem 06pa3oBaTe/IbHbIM OPraHmM3aumMAM NOKa3bIBaET,
4yTo nnatdopma Blockland.kz moxeT ncnonb3oBaTbCA KaK B YHUBEPCUTETCKOM cpefe, Tak U B
cUCTEME TeXHWYEeCKoro 1M npodeccMoHanbHoro obpasosaHmA. Npu 3TOM pasanymna B NpPMpPocTe
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noKasatenem mexay MHeTbiICyCKUM YyHMBEepCUTETOM, KasaxCKMM HALMOHA/NbHbIM  KEHCKUM
neaarormMyeckMm yYHUBEPCUTETOM M TanAblKOPraHCKMM BbICLUMM MOAUTEXHUYECKMM KONNEANKEM
MOTYT ObITb CBSI3aHbl C MCXOAHbIM YPOBHEM MOArOTOBKM CTYAEHTOB, PEryAAPHOCTHIO BbINOJHEHWS
3a4aHni 1 ocobeHHocTAMM 06pa3oBaTeIbHON NPOrPaMMBI.

Pe3ynbTaTbl OMNpoCa W WHTEPBLIO CTYAEHTOB TaKXe MOATBEPKAAIOT Pa3BMBAOLLMIM
noTeHuMan  nnathopmbl.  BONBLWIMHCTBO  pPEecnoHAEHTOB  OTMETUAM,  4To  H/104HOoe
nporpamMmmumpoBaHue obaeryaer NOHMMaHME NIOTUKM a/ITOPUTMOB, @ COMOCTaB/ieHne BI0KOB C
Python un Java nomoraeT ny4lie ocBavBaTb MPOrpaMmMMpOBaHMe. BmecTe ¢ TeM BbiIBNIEHHbIE
TPYAHOCTM NpW nepexode OT O/I0KOB K TEKCTOBOMY KOZY MOKa3blBalOT HeobXxoaMMOCTb
[anbHENWero CcoBeplleHCTBOBAaHWA  nnatdopmbl:  A0O6aBAEHMA  MOLWATOBbIX  MOACHEHWN,
paclWMpeHHOM 0bpaTHOM CBA3M M aAanTUBHbLIX 3a4aHNN.

Bmecte ¢ Tem wWccnenoBaHMe MMeeT  onpefesnieHHble  OrpaHuyeHua. Bo-nepsblx,
9KCMEPUMEHT MPOBOAMICA B TeYeHMEe [ABYX CEMECTPOB, YTO MO3BO/AET BbIABUTb Yy4YebHytO
AMHAMMKKY, HO He AaeT NOoSIHOro NPeACcTaBAeHMA O A0/ITOCPOYHOM COXPaHEHMM pe3ynbTaToB. Bo-
BTOPbIX, Ha pPe3y/bTaTbl MOT/IM NMOBAUATb MCXOAHbIN YPOBEHb LIMGPOBOM rPAaMOTHOCTMN CTYAEHTOB,
MX MHTEpeC K NPOrpaMMmMpPOBaHMIO, 0OCOBEHHOCTM NPenoaaBaHnA U PeryaspHOCTb BbINOHEHMA
3aZlaHW. B-TpeTbWMx, MOTMBAUMA W OTHOWEHWE K nnatThopme OUEHMBAANCL Ha OCHOBe
aHKETMPOBAHMA W WMHTEPBbLIO, YTO MNpeAnonaraeT Haanmume cyOBEKTMBHOrO KOMMOHEHTA. B-
4yeTBepTbIX, UCCNeL0BaHNE NMPOBOAMAOCH B Tpex 0O6pa3oBaTeNibHbIX OpraHM3aumaAx, No3TOMy B
[anbHelnwem LenecoobpasHo paclumpuTb BbIBOPKY M BKAOUYUTL APYTr1Me PErMOHbI.

PekomeHOauuu no cosepuieHcmaosaHuo naamepopmel Blockland.kz

Ha oOcCHOBe KONMYECTBEHHbIX pe3yabTaTOB WCCNeA0BaHMA, OaHHbIX AHKETUPOBAHMSA,
WHTEPBbLIO CTYAEHTOB M 0H6paTHOM CBA3M Npenoaasateneit boiam chopmynnpoBaHbl creayrolime
pekoMeHJauum No JanabHenwemy coBeplleHCTBOBaHMo naatpopmsl Blockland.kz.

Bo-nepBsbIx, HEOOXOAMMO PACLIMPUTL CUCTEMY 0BPATHOW CBA3M NPU BbIMONHEHWWN 334aHUN.
B HacToAwee BpemMa ANA CTYAEHTOB BaXKHO MOy4aTb He TOIbKO MHOOPMALMIO O MPaBUIbHOCTH
WIM HENPaBWAbHOCTM OTBETA, HO W MOACHEHWE MPUYMHBLI OWKOKK. LlenecoobpasHo 0bHaBUTH
aBTOMATMYeCKMe MOACKA3KM, MOWarosbii pa3bop pelweHWsa, yKasaHWMe Ha TN OWWMOKKM U
pekomMeHAaLmm No ee UCNPaBAEHMIO.

Bo-BTOpbIX, creayeT ycuaMTb 670K nepexoda oT 6104YHOrO NPOrpaMmMMpoBaHMA K
TEKCTOBOMY Koay Ha Python u Java. YacTb CTyAeHTOB MCMbITbiBaNa TPYAHOCTU NpU nepexoae oT
BM3YyasibHbIX BTOKOB K CUHTAKCUCY A3bIKOB MPOrPaMMmnpoBaHma. MNo3ToMmy HeOBXOAMMO BKIHOYMTD
[OMNONHUTENIbHBIE MPUMEPbI C KOMMEHTAPUAMM, COMOCTaBUTEbHbIe Tabaunubl «610K — Koay,
nolaroBble 06bACHEHMA W 33aJaHMA Ha nNpeobpasoBaHMe HA0YHOrO ANrOPUTMa B TEKCTOBYHO
nporpammy.

B-TpeTbux, pekomeHayeTca 106aBUTb 334aHMA Pa3HbIX YPOBHEN CIOKHOCTW. ITO NO3BOAUT
YYUTbIBATb MHAMBUAYA/IbHbIE PA3ANYMA CTYAEHTOB, UX UCXOAHbIA YPOBEHb MOATOTOBKM U TEMM
OCBOEHMA maTepuana. 3agaHma MoryT ObiTb pasgeneHbl Ha 6a30BbIN, CpeaHUIn U NPOABUHYTLIN
YPOBHM.

B-yeTBepTbIX, LUenecoobpasHo pa3paboTaTtb aHAAUTUYECKU MOAYNb ANA nNpenodasaTens.
Takol moaynb MOXeT GUKCMPOBATb KOJMYECTBO BbIMNOMIHEHHbIX 33JaHWUN, TUNUYHbIE OLIMOKM,
BPEMA BbIMOJIHEHWNA, AMHAMMKY YCMNEWHOCTUN, YPOBEHb CAOKHOCTM 334aHWIN U MHOMBUAYANbHbIN
NPOrpecc Kaxaoro CTyAeHTa.

B-nAaTbIX, HEOOXOAMMO yCUAUTb ONOK 33adaHWUM Ha KPUTMYECKOe MbllleHWe W aHanu3
NPOrpaMmHbIX OWMOOK. TakMe 3a4aHMA CnOCOOCTBYOT Pa3BUTUIO  YMEHWA NPOBEPATb
CODCTBEHHbIE PELIEeHWNA, CPaBHMBATb Pa3Hble BapUaHTbl a/NTOPUTMOB, HAXOAWMTb OWMOKM U
0Db0CHOBbIBAaTb BbIOPaHHbIN CNOCOD peLleHus.

B-wecTblX, peKoMeHAyeTcA  MOArOTOBUTb  METOAMYECKME  peKomeHZauuu  Ans
npenofasaTtenei No UCNOAb30BaHUIO NAATPOPMbI Ha 3aHATUAX. B HMX LenecoobpasHo BKAOUUTD
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OMMWCaHWe Moayneln Kypca, NPUMepbl 3a4aHKIA, PEKOMeHAaUMM N0 OPraHmM3aLmMm NPakTUYECKMnX
3aHATUIA, KPUTEPUM OLLEHMBAHMA M CNOCODObI PaboTbl C pe3yAbTaTaMm AMATHOCTUKM.,

B-ceabMmblx, LiesiecoobpasHo pa3BMBaTh aAanTMBHOCTL NaaTdopMbl. Ha OCHOBE pe3ybTaToB
BbINO/MIHEHWA 334aHUI CUCTEMA MOXKET npeanaratb CTyAEHTY WMHAWBUAYANbHYIO TPAEKTOPWUIO:
[OMONHUTENbHbBIE YMPaXKHEHWUA NpK 3aTpyaHEHMAX, Bonee CNOXKHble 334aHMA NPU yCNewHOM
BbINO/IHEHWN 6A30BOr0 YPOBHA M NMOBTOPEHME TEM, MO KOTOPbIM OblIM A0MNYLWEHbI OLLMOKM.

Peannsaums AaHHbIX PEKOMEHAALMIM NO3BOIUT MNOBLICUTL NeAarornyeckyto adpGeKTMBHOCTb
nnatdopmbl Blockland.kz, ycunnte ee amarHocTnyeckne u obydatowme GyHKUMM, a TaKxKe
PacWMPUTL BO3MOXHOCTM MCMO/b30BAHMA B YHMBEPCUTETAX M OPraHM3aumax TEXHUYECKOTO U
npodeccnoHanbHoro ob6pasoBaHms.

3aKknwo4yeHue

MpoBeAeHHOE MccnefoBaHME MOKas3ano, 4To obpasoBaTenbHas nnatdopma Blockland.kz
obn1agaeT 3HaYMTEIbHbIM NeAarorMyeckMm NoTEHUMANIOM ANA PA3BUTUA KOTHUTUBHBIX QYHKLMM
CTyAeHTOoB. CucTemaTMyeckoe npumMeHeHwe nnathopmbl B TeyeHMe [BYX CEMECTpPOB
cnocobcTBOBaNO NONOXKUTENBHOM AVHaMUKe BHUMaHMA, NamsaTW,  NIOTMYECKOrO,
aNTOPUTMMYECKOTO M KPUTUYECKOTO MbILUNEHWA, CKOPOCTM BbIMOJHEHMA MPOTrPaMMHbIX 3aZau,
y4eHbHOM MOTMBALMK M YCNEBAEMOCTH.

Hanbonee BblpakeHHble M3MeHEeHWA Oblan BbIABNEHbI MO MOKa3aTeNAM /IOrMYECKOro U
aNrOPUTMMYECKOTO MbllAeHMA. DTO CBA3AHO C Tem, 4YTo paboTa ¢ nnathpopmoin TpebyeT oT
CTYZLEHTOB aHaNM3a YCA0BWI, NOCTPOEHNA aITOPUTMOB, MPOBEPKM Pe3ybTaTa, MOMCKA OWNOOK U
000CHOBaHMA pelleHui. [oNoXUTENbHAA AMHAMMKA BHMMAHMA W NaMATM 0bbACHAETCA
HeobXoAMMOCTbIO COCPe0TOYEHHOTO BbINOHEHWA 3aZaHWUN, yAEPKaHMA B MAMATU CTPYKTYpPbI
aNropmMTMa M NocNenoBaTelbHOCTM NPOrPaMMHbIX AENCTBUN.

ConocTaB/ieHNe OXMAAEMbIX W MONYYEHHbIX Pe3y/bTaTOB MOKa3ano, YTO OCHOBHblE
MO/IOMEHUA TUNOTEe3bl UCCAeaoBaHMA noaTBepauancek. Mnatpopma Blockland.kz okasana
NONOMKUTENbHOE BAMAHME HA LeNeBble KOTHWUTWMBHbIE MapaMeTpbl CTyAeHTOB. YacTUyHO
NOATBEPAMNOCH OXMAAHWE, CBA3AHHOE C OTCYTCTBMEM TPYAHOCTelM Npu nepexoge OT 6104YHOrO
NPOrpaMmMmMpPOBaHMA K TEKCTOBOMY KOAY, MOCKO/IbKY YaCTb CTYAEHTOB YKa3ana Ha HeobxoAMMOCTb
[OMNONHUTENbHbIX MOACHEHWUI U METOAMYECKON NOALEPHKKM NPKU 0CBOEHUN Python 1 Java.

Pe3ynbTaTbl ONpoca NOATBEPAMAN MONOKUTENbHOE OTHOLEHWE CTYAEHTOB K naatdopme
Blockland.kz. BOAbLWMHCTBO pPECNOHAEHTOB OTMETUAWU, 4YTO O/04HOE NPOrpammupoBaHmue
obneryaet NoHMMaHWE aNropmTMOB, conocTasaeHne 610KkoB ¢ Python u Java nomoraeT nyduwe
OCBaMBaTb NMPOrpPaMMMPOBaHME, a TPeHaxkep M Habop 3a4ay MOBbLIWAIT MHTEPEC K 3aHATUAM.
Pe3ynbTaTbl WMHTEPBLIO CTYAEHTOB W Mpenogasatesniell Mno3BOMAM YTOYHUTb HamnpasaeHUA
[anbHENLero coBepLlIeHCTBOBaHUA NaaTthopmbl: paclinpeHue obpaTHoM cBA3M, aobasneHue
aflanTMBHbIX 3a4aHWK, pa3paboTKa aHaAUMTUYECKOTO MOAYAA W YyCUAEeHMEe MEeTOAMYECKOro
COMPOBOXAEHMA.

HopmaTnBHaa 3HaYMMOCTb MCCNEA0BAHMA 3aKAOYAETCA B TOM, YTO PE3Y/1bTaTbl COOTHOCATCA
C COBpPeMEeHHbIMM TpeboBaHMAMKW obOpasoBaTeNbHON NOAUTUKKM  Pecnybamkm  KasaxcTah,
HanpaB/fieHHbIMW Ha pasBuUTME QYHKUMOHANAbHOM TPamMoOTHOCTM, UMAOPOBOM TPaMOTHOCTH,
aNTOPUTMMYECKOTO U BbIYMCAUTENBHOTO MbllLAEHMA obyyatowmxcs. B 3TomM  OTHOWEHMM
nnatdopma Blockland.kz morkeT 6bITb MCNONb30BAHA KaK NPAKTUUYECKMI MHCTPYMEHT peannsaumnm
NaHHbIX TpeboBaHM B 06pa3oBaTeibHOM NpoLecce.

TeopeTnyeckaa 3HAYMMOCTb MCCNe0BaHWA 3aKAYAETCA B YTOYHEHUM BO3MOMKHOCTEN
6N104YHOrO MPOrPaMMMPOBAHMA KaK CPeACTBa PasBUTUA KOTHWUTMBHBbIX YHKUMIA CTYAEHTOB.
MpaKkTMyeckaa 3HAYMMOCTb COCTOMT B TOM, YTO pe3ynbTaTbl MCCNeA0BaHWMA MOryT ObiTb
MCNONb30BaHbl NpU pa3paboTke LMdPOBbIX 0O6Pa30BaTENbHbBIX NAATGOPM, OPraHU3aLMKN 3aHATUI
MO NPOrPaMMMPOBAHMIO, MPOEKTUPOBAHNN METOAMK PA3BUTUA NOTMYECKOTO U aITOPUTMUYECKOTO
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MbIWNEHNA 0OyYatoWmMXCaA, a TaKKe npu co3gaHum obpa3oBaTeslbHbIX KYpCOB Ha OCHOBe
KOHCTPYKTOPOB 6/104HOr0 MPOrPaMmMMpPOBAHMA.

MNepcnekTMBbl  AajbHENWNX WUCCAeAO0BaHMN  CBA3aHbl C  pacliMpeHMem  BblGOpPKM,
NnpoBeAeHNEM [ONTOCPOYHOrO MOHMWTOPMHIA pPe3y/abTaToB, CpaBHeHMEM 3PdEKTUBHOCTH
Pa3AnUHbIX  UMdbpoBbIX  nnatdopm, pa3paboTKoM  adanTMBHbLIX — 33a4aHWUK,  CO34aHMEM
aHa/NIMTMYECKOrO MOAYNs ANA npenogasatenelt M 6onee AeTaNbHbIM aHa/IM30M  BAMSAHUA
oTAeNbHbIX KOMNOoHeHTOoB Naatpopmbl Blockland.kz Ha pa3Hble KOTHUTUBHbIE GYHKLNN.

®uHaHcuposaHue. [aHHOe uccnefoBaHMe BbIMOAHEHO B PaMKax MPOEKTa FPaHTOBOro
GUHAHCMPOBAHMA A8 MONOAbIX YYEHbIX MO HAYYHbIM U/UAN HaYYHO-TEXHUYECKMM NPOeKTam «HKac
fanbiM» MO MPUOPUTETHOMY HaMpaBAeHUIO «MHTeNNEeKTyaNbHbIA MOTEHUMAN CTPaHbI»,
peannsyemoro KommteTtom Haykm MWHMCTEPCTBA HayKu W Bbicliero obpasoBaHuna Pecnybanku
KasaxctaH. Tema npoekta: «MccnegosBaHne U nNpumMeHeHWe O0YHbIX KOHCTPYKTOPOB
NPOrpammMmmMpPoBaHnNs ANA YAYULIEHUA KOTHUTUMBHbIX HaBbIKOB y 0bydatolmxca», MPH AP22688217.

Cnucok numepamyps|

1. TocynapcTBeHHbIN 0bLLe0bs3aTENbHbIM CTaHAAPT AOLWKOALHOIO BOCMMTAHMA N 0OyYeHNs,
Ha4ya/bHOrO, ~OCHOBHOTO  CpeaAHero W  0OWero cpeaHero, TEXHWYECKOro U
npodeccnoHanbHoro, nocnecpeaHero obpasoBaHMA: NprMKkas MUHUCTPa NPOCBELLEeHMA
Pecnybankm KasaxctaH ot 3 asrycta 2022 roga No 348. — 3apermctpupoBaH B
MuHUcTepcTBe tocTULUMKM Pecnybankm KasaxctaH 5 asrycta 2022 roga Ne 29031.

2. 06 yTBEPKAEHNN TUNOBbIX Yy4ebHbIX Nporpamm no obuieobpasoBaTesibHbIM NpeaMeTam U
Kypcam no BblOOpYy YpPOBHEW HayaNbHOro, OCHOBHOTO CpeAHero M obliero cpeaHero
obpasoBaHMA: NpuKka3z MUHUCTPa npocselleHna Pecnybamkmn KasaxctaH oT 16 ceHTabpA
2022 ropa Ne 399. — 3apernctpnpoBaH B MnHucTepcTae octuumm Pecnybankim KasaxcraH
23 ceHTsbps 2022 roga Ne 29767.

3. 06 yTBEpPHKAEHMM  TUMOBbLIX  Y4ebHbIX  MNporpamm  UMKAA  WUAM  MOAYNA
obleobpasoBaTesibHbIX ANCUMNNNH ONA opraHum3aumm TexXHW4yecKoro n
npodeccnoHanbHoro obpasoBaHMA: MpuKas MuHUCTpa npoceelleHns Pecnybamkm
KasaxcTtaH oT 6 AaHBapAa 2023 roga Ne 1. — 3apernctpmposaH B MUHUCTEPCTBE OCTULMK
Pecnybnnkum KasaxctaH 10 sHBaps 2023 roga No 31666.

4. AbbinkacbimoBa A. E. Teopua u meToaMKa O0OydeHWs MaTemaTuKe: ANOAKTUKO-
MeToamM4Yeckme ocHOoBbl. — Anmartbl: Kasak yHusepcuTeTi, 2014.

5. AbayanueBa P. E., AnpabepreHoa A. O. HelpoHAbIK »Keninep HerisiHae maTtemaTuKa
MyFaniMaepiHiH Kacibun AanpablFbiHbIH TEOPUANbIK Herisaemeci // Foundations and Trends
in Research. — 2024. — Ne 7.

6. bupainbekos E. bl. MHbopmaTMKaHbl OKbITY dAicTemeci: OKyAblK. — Anmatbl: Kaszak
yHuBepcuTeTi, 2014,

7. bupanbekos E. bl., OwaHoBa H. T. K uudpoBbiIMm obpa3oBaTenbHbIM pecypcam B
obpasosaTenbHbix  nnatdopmax  Pecnybamkm  KasaxctaH  //  WHbopmaTtusaums
obpa3oBaHMA: TEOPUA M NMpPaKTUKA: MaTepuasbl MexayHapoaHOW HayYHO-NMPaKTUYECKOM
KoHbepeHumn. — Anmartsl, 2022. — C. 245-250.

8. Hyprannesa . K. dnektpoHHoe oby4yeHue Kak YCA0BME MHHOBALMOHHOIO pPa3BUTMA
cuctembl obpasoBaHMA. — AnmMaTbl: PecnyObaMKaHCKMIA HayYHO-NPAKTUYECKMI LEHTP
nHdopmaTM3aLmm obpasosarHus, 2012.

9. Pobept WN. B. Teopua M MmeToAMKa WHPOPMATM3aLMM 0OPa30BaHUA: MCUXOAOTO-
neAarorMyeckMn M TexHoAorM4Yecknin acnektol. — M.: BMHOM. JlabopaTopus 3HaHWN,
2014. — 398 c.

178



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

10. Monart E. C.,, byxapkuHa M. 0., Mownceesa M. B., lNeTpos A. E. HoBble negarormnyeckme u

NHOPMALMOHHbIE TEXHONOTMW B cucTeme obpasoBaHus: ydyebHoe nocobue. — M.:
Axkagemus, 2002.
11. Nanumk M. M. MeToauka npenogaBaHua MHOOPMATUKM: yyebHoe nocobue. — M.:

Akagemus, 2003.

12. Ky3HeuoB A. A. Obuwan metoamka obydeHmna nidpopmatmke. — M.: BUHOM. TabopaTopus
3HaHui, 2008.

13. AsgeeBa E. A, KopHunosa O. A. BanaHue undpoBOM 31eKTPOHHOM cpeabl Ha KOTHUTUBHbIE
GYHKLMM LKONbHMKOB M CTYAeHTOB // KapanoBacKkynapHasa Tepanus U npoduaaktmka. —
2022. — T.21, Ne 3S. — DOI: 10.15829/1728-8800-2022-3331.

14. KannHmHa M. B. T[lporpammmpoBaHMe KaK CpeacTBO pPa3BUTMA aJroOpUTMMYECKOro
MbllWwneHns obydatowmxca. — CankT-Metepbypr: TBOY rumHazma Ne 66 [MpumopcKkoro
palioHa CaHKT-leTepbypra, 2016.

15. Henecosa C. Pa3BuTME KOTHUTUBHbIX HAaBbIKOB CTYAEHTOB Yepe3 MHTerpaumio umudpoBbIX
TexHonormii B obpasosaTenbHbli npouecc // International Journal of Humanities and
Natural Sciences. — 2025. — Ne 3-2(102). — C. 95-100. — DOI: 10.24412/2500-1000-
2025-3-2-95-100.

16. Mykawesa M. VY., laesckas E. B. CemaHTuyeckoe BAMAHME MNPOrPaMMMPOBAHUA Ha
Pa3BMTME MbIWAEHUS ODyYatoWMXCA: NPEANOCbIIKM, UCCNenoBaHWe M nepcrnekTusbl //

OTKpbITOE obpasoBaHue. 2020. Nol. URL:
https://cyberleninka.ru/article/n/semanticheskoe-vliyanie-programmirovaniya-na-
razvitie-myshleniya-obuchayuschihsya-predposylki-issledovanie-i-perspektivy (naTa

obpaueHns: 06.06.2026).

17. Piaget J., Inhelder B. The Growth of Logical Thinking from Childhood to Adolescence. —
New York: Basic Books, 1958.

18. Papert S. Mindstorms: Children, Computers, and Powerful Ideas. — New York: Basic Books,
1980.

19. Wing J. M. Computational Thinking // Communications of the ACM. — 2006. — Vol. 49, Ne
3. — P.33-35.

20. Brennan K., Resnick M. New frameworks for studying and assessing the development of
computational thinking // Proceedings of the 2012 Annual Meeting of the American
Educational Research Association. — Vancouver, 2012.

21. Roadrangka V., Yeany R. H., Padilla M. J. The construction and validation of Group
Assessment of Logical Thinking. — Paper presented at the Annual Meeting of the National
Association for Research in Science Teaching. — Dallas, 1983.

22. Bitner-Corvin B. L. The GALT: A Measure of Logical Thinking Ability of 7th and 8th Grade
Science Students. — ERIC, 1987.

23. Lye S. Y., Koh J. H. L. Review on teaching and learning of computational thinking through
programming: What is next for K-12? // Computers in Human Behavior. — 2014. — Vol.
41. — P.51-61.

24. Lockwood J., Mooney A. Computational Thinking in Education: Where does it fit? A
systematic literary review. — 2017.

25. OECD. Education at a Glance 2024: OECD Indicators. — Paris: OECD Publishing, 2024.

179



Proceedings of the 13th International Scientific Conference

Philological Sciences

English Non-equivalent and Partially
Equivalent Vocabulary in Georgian
Translation

Nino Tavidashvili
Doctor of Philology, Akaki Tsereteli State University, Georgia

Abstract

This paper examines the translation strategies most frequently employed by Georgian
translators in rendering non-equivalent and partially equivalent lexical units from English into
Georgian. The transfer of such culture-bound lexical items constitutes a significant challenge in
translation studies and has attracted considerable scholarly attention. The lexical units analysed
in this study comprise realia and quasi-realia. Realia refer to culture-specific referents that lack
direct equivalents in the target language, whereas quasi-realia denote referents for which target-
language equivalents exist and share the same primary characteristics but differ in certain
secondary or culturally marked features.The translation of non-equivalent and partially equivalent
lexical units presents translators with a dual challenge: ensuring the comprehensibility of the
target text while simultaneously preserving the national and cultural meanings embedded in the
source text. To reconcile these competing demands, translators employ a range of strategies
designed to facilitate effective intercultural communication. The choice of a particular strategy is
determined by the specific characteristics of the communicative situation, including linguistic,
cultural, and pragmatic considerations. The study is based on a comparative analysis of English-
language literary prose and its Georgian translations. The findings demonstrate that, in translating
realia, Georgian translators most frequently resort to such strategies as transcription, calquing,
generalization, descriptive translation, omission and cultural substitution. The analysis highlights
the pivotal role of strategic decision-making in balancing semantic accuracy, cultural specificity,
and reader accessibility, thereby contributing to the successful mediation between source and
target cultures.

Key Words: non-equivalent and equivalent lexical units, realia, quasi-realia, translation
strategies.

Introduction

The translation of non-equivalent and partially equivalent vocabulary constitutes one of the
central challenges in the transfer of the national and cultural specificity of a source text into a
target language. In addressing this challenge, translators draw upon their knowledge of translation
theory, linguistic competence, cultural background knowledge, professional experience and
intuition. Taking into account the broader contextual framework and operating on the basis of a
synthesis of the cultures of the source and target languages they select the strategy that most
effectively fulfils the communicative and cultural objectives of the translation.

Non-equivalent and partially equivalent vocabulary encompasses both realia and quasi-
realia. Realia refer to culture-specific concepts and objects that lack direct equivalents in the target
language, whereas quasi-realia denote referents for which target-language equivalents exist and
share the same essential characteristics but differ in certain secondary or culturally marked
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features. The presence of realia and quasi-realia further complicates the translator’s task of
rendering the source text accurately and comprehensively while preserving its stylistic, expressive
and cultural nuances. In this context, the notion of translational completeness may be understood
as the preservation of the unity of form and content despite the shift to a different linguistic
system.

Methods

The study employs a comparative and descriptive approach to translation analysis. The
research is based on the juxtaposition of English-language literary texts and their Georgian
translations. Through qualitative analysis instances of realia and quasi-realia are identified and
classified according to the translation strategies applied. Contextual and functional analyses are
used to explain translators' choices and to assess their effectiveness in preserving the cultural
specificity of the source text while ensuring comprehensibility for the target audience.

Results and Discussion

The concept of equivalence has traditionally been regarded as one of the fundamental issues
in translation theory. Early scholars such as Nida (1964) and Catford (1965) explored the
relationship between source and target texts, emphasizing the difficulties involved in transferring
meaning across linguistic and cultural boundaries. The problem of non-equivalence received
further attention in the works of Baker (1992), who examined the various forms of non-
equivalence at the word level and proposed a range of strategies for addressing lexical gaps
between languages.

The notion of realia was developed most comprehensively by Vlahov and Florin (1980), who
defined realia as lexical units denoting objects, phenomena, institutions, customs, and other
elements specific to a particular culture and lacking direct equivalents in another language. Closely
related to realia are quasi-realia, which denote referents that possess partial equivalents in the
target culture but differ in certain culturally significant features. Such lexical units present
additional challenges because apparent equivalence may obscure important semantic and cultural
distinctions. The cultural dimension of translation has also been explored and translation
strategies for rendering culture-specific items have been examined by Newmark (1988), Vinay and
Darbelnet (1995), Venuti (1995), Franco Aixeld (1996), etc.

Despite extensive international research on culture-specific items, studies focusing on the
translation of realia and quasi-realia between English and Georgian remain relatively limited.
Consequently, further investigation is required to identify the strategies most frequently
employed by Georgian translators and to evaluate their effectiveness in preserving cultural
specificity while ensuring the accessibility of the translated text. The present study seeks to
contribute to this area of research through a comparative analysis of English literary texts and
their Georgian translations.

One of the most prevalent strategies - Transcription - refers to the transfer of a lexical unit
from one language into another by preserving the phonetic form of the original to the maximum,
using the graphic means of the language. When successfully transcribing realia, the translator
manages to transfer both the content and the national-cultural connotation from one language to
another:

“Twas hasty puddin', as ye say,” said her husband, “and hurry—up turnips...” (O. Henry,
Between Rounds).

,,aL Bohdomgzo dmdbowgdymo 3xnbgalio s momasdnl dggedsbonls dMmosmns® (,,es
nachkarevad momzadebuli p'udingisa da talgamis shech'amandis bralia” - Translator M. Natadze).

In the aforementioned example the English realia “pudding” is a referent that has been
known internationally for quite a long time; As a result, the reader is likely to perceive it correctly.
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Nevertheless, if there is a possibility that the meaning is uncertain for the reader, the translator
can add the relevant definition to the translation:

“Grilled steak and onions, Angelo, fried potatoes, and a bottle of Bass. Give it me in a silver
tankard”. (W.S. Maugham, Theatre).

,L8MhomBy dgdhzomn LEJN3n bBobznm, gbxammy, 878H30Mm0 3omEMBTaMN s ghon
om0 ,,00L0%, mombe LsLdgmo 39Mbeol mehoor dm3ndoby” (,,grilze shemts'vari
st'eik'i khakhvit, enjelou, shemts'vari k'art'opili da erti botli ,,basi”, oghond sasmeli vertskhlis
t'olchit momit'ane” - Translator N. Chubinidze); The definition is provided in the footnotes: ,,basi”
—the name of the beer.

It should also be noted that in case of unsuccessful transcription, the reader may be exposed
to serious difficulties. The use of excessive number of transcribed realia is likely to have a negative
impact on the process of comprehending the text. On the other hand, an excessive number of
comments prevents the reader from concentrating on the text. Therefore, if possible, the
translator chooses different ways of transferring realia into the target language.

One of the most prevalent translation methods is calquing - the transfer of realia from one
language to another by translating its components, while maximally preserving the semantics of
each component:

“Among other public buildings in a certain town... there is one anciently common to most
towns, great or small: to wit, a workhouse.”(Ch. Dickens, Oliver Twist).

,,afhongfho Jommoddn... IMmozsmmMbmszsbn Laxsthm Bsggdomdnls g3gMhno nas sfabgdym
q00. 53 3HaLYdYEMYdSL NIl y3zgmo o 0y 0@ oMy Jomaddo dgb3gdmeno s sl
dfmadnl bLobana gHmegdmes” (,ertert kalakshi... mravalritskhovani sajaro nagebobis gverdit
idga dats'esebuleba. am dats'esebulebas titkmis gvela did tu p'at'ara kalakshi shekhvdebodit da
mas shromis sakhli ets'odeboda” - Translator E. Sumbatashvili).

The "workhouse" is an English historical realia - a shelter for the socially disadvantaged,
which is often found in English prose. Calquing this realia has become a tradition in translation.
However, the reader who encounters it for the first time may need an appropriate explanation.

The strategy of calquing is often used when translating proper names:

“If it were me - | mean | - well, | should get somebody to put in the Morning Paper the news
that Jane and Michael and John and Barbara Banks (to say nothing of their mother) require the
best possible Nannie at the lowest possible wage and at once.” (P.L. Travers, Mary Poppins).

,,0006L vsanmsl 33 ,,ccomal gabgomdn® sbigo gobibowadsls 3odms3sd39ybydn: ,, %900
5 3503, XMb o dsMdsMS 07b7LIdL (Bo0 By MMAE sMoa3gMn 301J35m) LsLHmoxme
LgnME)ds Y3gmoby 3oMan gowns, Mmdgmog y3zgmodbg dgnmy Bamasbl obxgmwgds!”
(,,shens adgilas me ,,dilis gazetshi“ aset gantskhadebas gamovakveqgnebdi: ,,jein da maik'l, jon da
barbara benksebs (mat dedaze rom araperi vtkvat) sasts'rapod sch'irdebat qvelaze k'argi gadia,
romelits gqvelaze mtsire khelpass dasjerdeba!” - Translator L. Gogokhia).

Typically, the transcription method is most often applied when translating the titles of
periodicals:

“He was reading the Atlantic Monthly” (J.Salinger, The Catcher in the Rye).

,O®mMObE03 3obomnlis” 300mbyamods” (,,at'lant'ik’ mantlisa® k'itkhulobda® - Translator
V. Chelidze).

However, in the case of "Mary Poppins", the number of instances of transcription is
minimized since the text is intended for young readers.

The same goes for the following example where the name of a street is calqued:

“The day after the birthday party the Starling... came back to Number Seventeen, Cherry-Tree
Lane” (P.L. Travers, Mary Poppins).
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L, bHmgo enbnbol dgmy Mgl odmMNbE.... dmdns senmydmals dglobzgzaol hA3ndg@
bmdgf Lobmdn” (,,sts'ored Ikhinis meore dghes dabrunda... shoshia alublis shesakhvevis
chvidmet' nomer sakhlshi“ - Translator L. Gogokhia).

Generalization is also a widespread technique, which implies replacement of a lexical unit
having a relatively limited meaning with a lexical unit of a broader semantic range:

“They... found their tastes in art, chicory salad and bishop sleeves so congenial that the joint
studio resulted” (O. Henry, The Last Leaf).

,,0b000 LO3LYdNOY JMBbbAxdMEDBIL JMNTobgonl baem3bydal Loznmbyddn; mMmazgl
AmLHMBS 39M@—308s30L Loenscn s AsEdYmMmonl 3bMn353 Foomo ggdm3bads gmm3sbyomls
qbs870ms, Mol dgagemas dosafhy30Bal dmahymon Boosma Lobgmmlbm™ (,,isini savsebit
etankhmebodnen ertmanets khelovnebis sak'itkhebshi; orives mosts'onda vard—k'ach'ach'is salati
da chatsmulobis mkhrivats mati gemovneba ertmanets ekhameboda, ris shedegadats
gadats'qvit'es moets'qot ziari sakhelosno” - Translator M. Natadze).

In the given example the realia reflecting the specific design of a sleeve is replaced in the
translation with a generalized form — “clothes”.

In the next example of generalization the name of the resort town Bournemouth is changed
to the general form — “summer/holiday/country home” — to make it easier for young readers to
understand:

“The day after the birthday party the Starling, who had been away on holiday at Bournemouth,
came back to Number Seventeen, Cherry-Tree Lane” (P.L. Travers, Mary Poppins).

,,bHmgo enbnbols FgmMy Mgl EsdmMNbES vgoMms30sb dmdns seMmydmal dgLabigznl
h3037@ bmadgf Lobedo“ (,,sts'ored Ikhinis meore dghes dabrunda agarak'idan shoshia alublis
shesakhvevis chvidmet' nomer sakhlshi“ - Translator L. Gogokhia).

However, it is worthy of note that the translator almost always transfers toponyms into the
translation since they are significant cultural markers.

Generalization is effective when realia in the original are not emphasized by the author. But if realia
are essential for the context, the generalized form is likely to result in the complete loss of the national
and cultural semantic component of the original.

Another strategy — descriptive translation — implies replacement of realia with their definitions:

“Sorry we're so late,” said Roger. “There was a filthy crowd and we had to wait on nearly
every tee. We halved the match” (W.S. Maugham, Theatre).

,,83935)09m, M3 535830507, — J30 Mimyamds, — FnbmMmby Podmozn Ladsgymo
300530560 BM0dmMydS S MmncMINMo d9Mmnl bndsbmsb cmmnbo 330§x3s. MebsdMmo
a35MByYynm” (,,gvap'at'iet, rom davagvianet, — tkva rojerma, — mindorze uamravi sadzageli
adamiani t'rialebda da titoeuli burtis nishantan lodini gvits'evda. tanabrad davart'qit” - Translator
N. Chubinidze).

The word “tee” and the phrase “halve the match” belong to sports terms, more specifically,
golf terminology, which is extremely popular in Britain and is easily understood by British readers.
Nonetheless, in the Georgian translation it became necessary to use the descriptive method.

There is another example of descriptive translation:

“Michael, why don't you let that flat in the mews to Tom?” (W.S. Maugham, Theatre).

,,0003e, &mdn bm3d oM 33133500 08 00bSTN, goMagxd0l M367?“ (,,maik'l, t'omi khom ar
shevushvat im binashi, garazhebis tavze?” - Translator N. Chubinidze).

In this case we are dealing with the British realia of “mews”. It is a two-story building that
once served as a stable. Nowadays, garages or warehouses are located on the first floor, and
residential apartments are located on the second floor.

Sometimes, along with using the descriptive translation method, additional comments are
necessary:
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“Tom went to Eastbourne with his family for Christmas. Julia had two performances on
Boxing day”... (W.S. Maugham, Theatre).

,&m3n Ladmdome nbEAOMMBAn HoznEs, 3AMOMYOMSL. XMool Lahydmadol maL
mfhn Homdmeaggbs 3dmbos...” (,,t'omi sashobaod ist'bornshi chavida, mshoblebtan. julias
sachukrebis dghes ori ts'armodgena hkonda...” - Translator N. Chubinidze).

Additional comments are provided in the footnotes: "Boxing Day - the second day of
Christmas, when people give each other presents."

Descriptive translation enables the translator to preserve the semantics of realia to the
maximum. However, even in this case it is necessary to consider the principle of the golden
middle. Any developed language has the means to present realia of any different language, but
the excessive amount of explanations deter the reader's perception of the text.

The next strategy to transfer realia from one language to another is omission:

"There were pills and medicine all over the place, and everything smelled like Vicks' Nose
Drops” (J.Salinger, The Catcher in the Rye).

,0033mM03 by §odmal dndgdo s 50700 gysty, s byhomb §390900L Lnbo ngs”
(,,irgvliv sul ts'amlis shushebi da abebi egara, da surdos ts'vetebis suni idga” - Translator V.
Chelidze).

In this example the translator omitted the name of the pharmaceutical company — Vicks,
which has no essential meaning for the given context.

Another strategy is to replace realia with different referents:

“It did not exactly beggar description, but it certainly had that word on the look-out for the
mendicancy squad” (O'Henry, The Gift of the Magi).

,moobo  doxmo  doombmafymo o oym, 8o3Med oo o 3sfhobhomaeme
896cal LugbmzmadmMo godmdagsmoym” (,,otakhi mtlad matkhovruli ar igo, magram didi didi
mats'ants'alata gundis satskhovreblad gamomdgariqo® - Translator M. Natadze).

As we can see, the realia “mendicancy squad” (police forces who arrested homeless people
and beggars) has been replaced by a different referent — ,,mats'ants'alata gundi” (a group of
tramps).

While translating quasirealia (partially equivalent lexical units) translators tend to use either
the strategies mentioned above or functional equivalents based on their skills and experience, the
context and literary tradition.

An example of using a functional equivalent is:

“The Chief Courtier was joined by one after another of the other Courtiers, until at last there
was a long chain of them, each holding the man in front of him by the waist, and a tug-of-war
began between the Courtiers and the star” (P.L. Travers, Mary Poppins).

,,30M0b3530MbYEaLL FgmMg 3oMmalizosn dngd3zgm., 3gmMgl  dglody, 3gLodgl — dgmaoby
o dbg 990098 o sl dx0©aa 8onHambgb, cmnodmb 39MnlzoE)dn Momasdl hsgdnbyb
S0mbomgdsm® (, k'arisk'atstukhutsess meore k'arisk'atsi mieshvela, meores _ mesame,
mesames _ meotkhe da ase shemdeg da ase shemdeg gaits'elnen, titkos k'arisk'atsebi talgams
chaech'idnen amosaghebado” - Translator L. Gogokhia). The referent “tug-of-war” denotes a
competitive sport in which two opposing teams demonstrate their physical strength by pulling on
opposite ends of a rope, each attempting to drag the other across a designated line. In the target text, the
translator employs an allusion to the well-known fairy tale “The Enormous Turnip” as a functional
equivalent of this referent. This cumulative tale recounts how a grandfather plants a turnip that grows so
large that he is unable to uproot it alone. He subsequently enlists the assistance of the grandmother,
granddaughter, and eventually several animals, until their collective effort finally succeeds in pulling the
turnip from the ground. By drawing on this culturally familiar narrative, the translator replaces the original
reference with one that is more readily accessible and comprehensible to young readers, while preserving
the underlying concept of a coordinated pulling effort.
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Conclusions

To summarize, when translating non-equivalent and partially equivalent lexical units, the
translator is confronted with two fundamental challenges. On the one hand, the target text must
remain fully comprehensible to the reader; on the other, it should preserve the national and
cultural connotations embedded in the semantics of realia and quasi-realia. To achieve this
balance, Georgian translators employ a diverse range of strategies (transcription, calquing,
generalization, descriptive translation, omission and cultural substitution) aimed at facilitating
effective intercultural communication. The selection of a particular strategy is largely determined
by the specific characteristics of the communicative context, including the target audience, the
purpose of the translation and the degree of cultural distance between the source and target
cultures.
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Classroom Management Methodology
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Abstract. This article examines the role of teacher autonomy in classroom management
methodology, emphasizing its significance in fostering adaptive, responsive, and learner-centered
educational environments. In contemporary pedagogy, classroom management extends beyond
discipline to encompass instructional organization, emotional climate regulation and the
facilitation of meaningful student engagement. Teacher autonomy is conceptualized as the
professional capacity to make context-sensitive decisions regarding instructional strategies,
behavioral expectations and classroom procedures. The article integrates theoretical analysis with
practical examples from an English as a Foreign Language (EFL) classroom, illustrating how
autonomous adaptations in lesson planning , task design and behavioral redirection contribute to
improved classroom dynamics.

Classroom management has long been considered one of the most significant components of
effective teaching. Traditionally associated with discipline , order, and control , the concept has
gradually expanded to include the organization of learning environments, the development of
positive classroom climate, and the promotion of student engagement. In contemporary
pedagogy, classroom management is not merely a set of behavioral technological system that
integrates instructional planning , communication strategies, emotional intelligence, and reflective
practice. Within this framework, teacher autonomy emerges as a fundamental principle. Teacher
autonomy refers to the degree of independence and decision-making power that educators have
in their classrooms and professional practices. It encompasses the ability of teachers to make
choices about their teaching methods, curriculum, and classroom management strategies without
excessive interference from external authorities. This independence is crucial for fostering a
positive learning environment and encouraging innovative practices that meet the diverse needs
of students:

1. Teacher autonomy can lead to increased job satisfaction as educators feel more

empowered in their roles.

2. Research indicates that greater teacher autonomy is associated with improved student

engagement and academic performance.

3. Autonomy encourages teachers to adopt innovative instructional strategies tailored to their

students’ specific needs.

4. External factors such as standardized testing and rigid curriculum mandates can undermine
teacher autonomy.

5. Supporting teacher autonomy often involves fostering a school culture that values trust,

collaboration and professional growth.

e How does teacher autonomy impact student learning outcomes in a classroom?
Teacher autonomy significantly impacts student learning outcomes by allowing educators to tailor
their teaching methods of their students. When teachers have the freedom to experiment with
different instructional approaches , they can engage students more effectively , leading to
increased motivation and understanding. Research shows that classrooms led by autonomous
teachers often see higher levels of student participation and academic achievement because these
educators can adapt their lessons based on real-time feedback from their students.
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e Discuss the challenges that can restrict teacher autonomy in educational settings
Several challenges can restrict teacher autonomy, including stringent standardized testing
requirements, prescriptive curricula, and administrative oversight. These factors can limit
educators’ ability to make independent decisions about their teaching practices. Additionally, a
lack of support from school administration or insufficient professional development opportunities
can further hinder teachers’ autonomy, creating an environment where they feel compelled to
adhere strictly to external mandates rather than exercising their creative judgment in the
classroom.

e Evaluate the role of school leadership in promoting or hindering teacher autonomy

within an educational institution

Leadership plays a critical role in either promoting or hindering teacher autonomy. Effective leaders
encourage a culture of trust and collaboration, allowing teachers the freedom to innovate and
make decisions regarding their instructional practices. When school leaders prioritize professional
development and provide resources for teachers to explore new methods, they empower
educators to take ownership of their teaching. Conversely, if leadership imposes rigid controls or
prioritizes compliance over creativity, it can stifle teacher autonomy, negatively impacting both
teacher morale and student learning.

Modern classroom management is preventive rather than punitive. It focuses on creating
conditions in which learning can flourish. Effective management includes:

e Establishing clear expectations

e Designing engaging tasks

e Maintaining structured routines

e Monitoring student behavior

e Encouraging positive relationships
However, the success of these components depends on the teacher’s ability to interpret classroom
situations. No two classes are identical. Student personalities , cultural backgrounds-motivational
levels, and group dynamics vary significantly. Therefore, a standardized approach may produce
inconsistent results.

Teacher autonomy enables educators to move beyond rigid behavioral systems. Instead of
applying predetermined sanctions, autonomous teachers analyze underlying causes of behavior.
They consider whether disruption results from boredom, confusion, social tension, or lack of
challenge. Such diagnostic thinking transforms management into a reflective practice.

From a methodological standpoint, autonomy involves three interconnected dimensions:

1. Instructional Autonomy_the ability to select and adapt teaching strategies.

Instructional autonomy allows teachers to modify lesson plans in real time.
For example, in a grammar lesson on conditional sentences, a teacher observes that
students struggle with formulating complex structures. Instead of proceeding with
advanced exercises, the teacher introduces a quick collaborative board game where
students complete simpler “ If | were....” prompts. This adjustment prevents
frustration and maintains confidence. Or conversely, if students master the
material quickly, the teacher may introduce spontaneous debate tasks using the
target grammar. This prevents boredom- a common source of misbehavior.

2. Organizational Autonomy_ the capacity to design classroom procedures and
routines. Strategic Seating Arrangement: If two students consistently distract each
other, an autonomous teacher may rearrange seating-not as punishment, but as
a preventive measure explained calmly and rationally. Flexible Group Work: During
project-based learning , a teacher notices imbalance in participation.

3. Relational Autonomy_ the competence to manage interpersonal dynamics
constructively. De-escalating Conflict: If a student reacts defensively after
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correction , instead of public confrontation, the teacher may speak privately after
class, preserving dignity while addressing behavior. For example, transforming
disruption into responsibility. In an English storytelling activity, two students begin
whispering. The teacher assigns them the role of “language monitors”, responsible
for noting new vocabulary. This redefines their behavior constructively. Relational
autonomy strengthens trust and respect , essential components of sustainable
classroom management.

These dimensions interact within classroom management methodology. Without
autonomy , management becomes mechanical; with autonomy , it becomes
responsive and context-sensitive.

Teacher autonomy enables educators to move beyond rigid behavioral systems. Instead of applying
predetermined sanctions, autonomous teachers analyze underlying causes of behavior. They
consider whether disruption results from boredom, confusion, social tension, or lack of challenge.
Such diagnostic thinking transforms management into a reflective practice.

Teacher autonomy also influences the psychological climate of the classroom. When teachers feel
professionally empowered , they demonstrate greater confidence and emotional stability.

This emotional regulation directly affects students’ perceptions of authority and fairness.

There are some classroom scenarios:

Preventive engagement_ The teacher begins with a short humorous poll question: "’Should school
start later in the morning ?”’Students vote physically by moving to different corners of the room.
This physical movement reduces restlessness, builds energy, encourages immediate participation.
Teacher autonomy is visible in choosing kinesthetic engagement instead of starting with textbook
exercises.

Controlled practice_ Students receive sentence starters to scaffold argument formation. However
, several quieter students hesitate. Instead of forcing participation, the teacher introduces “Think-
Pair-Share” . Students first write ideas privately, then discuss in pairs before speaking publicly. This
methodological adjustment reduces anxiety and prevents disengagement.

Managing emerging conflict_ During debate , voices rise and interruptions occur. Rather than
imposing silence abruptly, the teacher pauses the discussion and introduces a visual speaking
token system-only the student holding a marker may speak. This simple autonomous intervention
restores order without diminishing enthusiasm.

Reflective closure_ The teacher asks: “What helped you express your ideas clearly?” “What made
the debate respectful?”” Students identify turn-taking and preparation time as helpful. This
reflection reinforces positive behavior patterns.

On balance, the teacher autonomy positively influences student motivation, emotional safety,
participation equity, behavioral consistency, academic performance. In this case students perceive
flexibility, also, the teacher autonomy strengthens classroom structure by aligning management
strategies with students’ cognitive, emotional, and social needs. Furthermore, that autonomy
supports teacher motivation and professional identity, thereby positively influencing classroom
climate. The article concludes that cultivating teacher autonomy within teacher education
programs is essential for sustainable classroom management practices and for promoting both
academic achievement and cooperative learning environments.
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Abstract: This paper examines the significance of the assessment process and the role of the
assessor in education, as well as their contribution to the development of socially successful
students. Assessment, teacher competence, the teacher’s role as a psychologist, the identification
of individual abilities, and student motivation during the assessment process are all determining
factors in the formation of a student’s personality. The effectiveness of assessment is also
influenced by appropriate mechanisms, constructive feedback, and the professional knowledge of
the teacher.

This study seeks to emphasize the importance of teachers’ professional skills and their awareness
of the impact that assessment may have on students. Particular attention is paid to the necessity
of developing psychological competencies that enable teachers to understand students’ individual
needs and characteristics. Teachers should ensure the inclusion of all students in the learning
process and support the identification and development of their individual strengths and abilities.
Keywords: assessment, progress, teacher, student, psychology.

Introduction: Assessment plays a crucial role in determining success in virtually every sphere of a
person’s activity. Although assessment methods vary across different fields, within the academic
environment student assessment systems are generally established and regulated by educational
authorities and state institutions.

Assessment constitutes one of the fundamental components of the teaching and learning process.
Therefore, the instruments, mechanisms, and content of assessment must be carefully designed
from the outset and aligned with the intended learning objectives and outcomes. Within this
process, the teacher assumes the role of a guide and facilitator whose responsibility is to ensure
objectivity in assessment. Unfair or inaccurate assessment may have long-term consequences for
a student's identity formation and social positioning.

Assessment is an especially sensitive aspect of education as it inevitably assigns value to students’
performance and abilities. Teacher competence, professional experience, and the involvement of
educational psychologists are therefore of primary importance in preventing psychological
frustration and negative developmental outcomes among students.

Assessment can serve as a powerful source of motivation; however, it can also significantly
influence a student's self-esteem. Both underassessment and overassessment may lead to
undesirable consequences. Excessively positive evaluations may cause students to develop
unrealistic perceptions of their abilities and create expectations that cannot be fulfilled in practice.
When students later encounter difficulties in achieving desired goals, they may experience
considerable frustration due to the discrepancy between expectations and reality. Similarly,
inflated assessments may foster the belief that success can be achieved with insufficient effort.
Consequently, assessment should not be viewed merely as the assignment of grades or scores.
Rather, it is one of the key factors shaping personal development and social identity. Clearly
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defined assessment criteria, combined with transparent communication of these criteria to
students, are essential in preventing negative effects on self-perception and self-esteem.

In this regard, the teacher serves as the central figure guiding the assessment process. Their
pedagogical expertise, professional knowledge, and personal qualities play a decisive role in
ensuring that assessment contributes positively to student development rather than undermining
it.

As noted in pedagogical literature, if a teacher evaluates a student unfairly and categorizes them
among the less capable, they risk suppressing the student's sense of dignity and motivation to
overcome challenges. Such judgments may negatively affect self-esteem and, in some cases,
contribute to social maladjustment or the development of aggressive behavior as a means of self-
assertion.

Particular attention should also be paid to the teachers’ language while communicating with
students. Teachers’ words, expressions, and attitudes can significantly influence students’ self-
perceptions. The effectiveness of a teacher’s influence is often determined by the richness, clarity,
and emotional expressiveness of their communication, as well as by the quality of the relationships
they establish with learners.

Main part: In order to define assessment and discuss its impact, it is first necessary to consider the
role of educational psychology in this process and to clarify what educational psychology entails.
Educational psychology is a branch of applied psychology that utilizes psychological theories and
techniques to understand how individuals think and learn, as well as how educators can effectively
address students’ needs throughout the learning process. Psychology assists educators in
analyzing various aspects of teaching and learning, including understanding what occurs during
instruction, identifying students’ difficulties, and designing lessons that are responsive to learners’
individual needs.

It is equally important to define the teaching and learning process itself, as assessment is one of
its fundamental components and plays a significant role in shaping individual development.
Learning has been interpreted in various ways. Some psychologists, particularly behaviorists, view
learning as a relatively permanent change in an individual’s behavior. Others define learning as a
change in the type and amount of knowledge individuals possess or in the way they perceive and
interpret the world around them. The learning process demonstrates what individuals gain from
experience and how these gains enable them to work and function more effectively. Therefore,
learning may manifest itself through strategic changes, improved problem-solving abilities, or new
ways of thinking about a particular issue.

In this context, individuals need assessment in order to understand the extent of their progress,
engage in self-evaluation, and receive external feedback regarding the knowledge and skills they
have acquired. The teacher plays a crucial role in developing these competencies. As highlighted
in pedagogical literature, when applying assessment methods in education, teachers must take
into account students’ age-related and individual characteristics, as well as their initiative,
determination, and self-control. Consequently, a teacher’s ability to assess students accurately is
of great importance. Effective assessment requires not only subject knowledge but also the
capacity to identify students’” personal characteristics and evaluate their academic performance
fairly and objectively.

The concept of assessment has been defined in various ways within educational literature.
Educational assessment generally refers to a set of methods and processes through which
information about student learning is collected, analyzed, interpreted, and often quantified
through grades or scores. Assessment is indispensable because, without it, it would be impossible
to determine students’ progress and identify areas requiring improvement. It enables educators
to recognize learning needs and develop strategies to address them effectively.
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As Boyle and Charles (2009) note, assessment is endemic to education and is often continuous,
informal, frequent, and embedded in everyday classroom interactions. It encompasses an ongoing
dialogue between teacher and student. Contemporary educational theory also emphasizes
authentic assessment, which focuses on students’ active participation in learning and prioritizes
competencies such as critical thinking, creativity, problem-solving, and personalized learning
experiences.

Within authentic assessment, teacher competence as an assessor becomes particularly important.
The continuous development of assessment-related skills should be encouraged both at the
individual and institutional levels. Several factors must be considered during the assessment
process, including understanding students’ expectations, determining whether their participation
in learning aligns with those expectations, and identifying ways to enhance their engagement.

In many respects, the teacher assumes the role of a psychologist during assessment. Teachers
design lessons, select appropriate activities, formulate questions, and employ assessment
techniqgues that enable them to evaluate student progress while taking individual differences into
consideration. Effective assessment requires attention to the psychological characteristics and
personal circumstances of each learner. Furthermore, collaboration with educational
psychologists can contribute significantly to understanding and addressing students’ psychological
needs.

Educational scholars have long argued that a teacher’s knowledge and pedagogical mastery play
a decisive role in personality development. Pedagogical expertise encompasses the ability to
identify students’ personal traits, dispositions, and abilities on an individual level. While
discussions of teacher competence often focus primarily on subject-specific expertise, equal
attention should be given to the teacher’s psychological competencies and their influence on
student development.

Another essential component of the assessment process is feedback. Students should be provided
with opportunities to act upon feedback and improve their performance accordingly. In this
regard, teacher’s experience is critical in determining how feedback is communicated. Educators
must be able to discuss achievements and areas requiring improvement in a manner that
motivates students to address their weaknesses without undermining their self-esteem or
discouraging further effort.

Informal assessment also plays a significant role in the learning process. Through observation of
students’ participation, engagement, and performance during classroom activities, teachers can
draw conclusions regarding students’ acquired knowledge, developed skills, and areas requiring
further attention. Critical thinking, logical reasoning, creativity, and situational awareness are
among the key competencies that enable teachers to conduct effective assessments.

Teacher competence becomes particularly evident during lesson planning. Educators must clearly
define instructional objectives and determine the methods and criteria through which learning
outcomes will be assessed. Teachers guide students toward educational goals through carefully
designed instructional strategies while ensuring that learners understand the expected outcomes.
The selection of appropriate assessment methods is therefore a crucial professional responsibility.
Assessment should not diminish students’ self-esteem; rather, it should encourage the recognition
of challenges and foster motivation for improvement.

Assessment tools serve not only to measure student achievement but also to evaluate the
effectiveness of teaching methods. The accuracy of assessment depends on the appropriate use
of assessment mechanisms, careful analysis of data, and consideration of students’ individual
characteristics and learning needs.

Educational literature further emphasizes that talent and ability are individual characteristics upon
which successful pedagogical practice largely depends. These qualities require continuous
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development through interaction with the environment. Pedagogical competence, as an internal
capacity, evolves and strengthens through professional experience and environmental influences.
In an era characterized by rapid technological advancement and constant societal change, the
development of teachers’ knowledge, skills, and professional competencies has become
increasingly important. Technological progress significantly influences students’ personal
development and may generate new forms of psychological pressure. Consequently, teachers
must be prepared to address emerging challenges and support students in adapting to a rapidly
changing environment.

In this context, teachers carry substantial responsibility. They must possess the ability to act not
only as educators but also as informed practitioners who understand the psychological dimensions
of learning and assessment. Through accurate evaluation, effective communication, and
collaboration with educational psychologists, teachers can motivate students, encourage active
participation in learning, and contribute positively to their academic, personal, and social
development.

conclusion

The issue discussed in this paper is of considerable importance for both the development of
students” personalities and their future success. Continuous professional development,
specialized training, and increased awareness of teachers’ roles and competencies can
significantly enhance effective collaboration between teachers and students.

Professional workshops, ongoing training opportunities, and the development of psychological
competencies can equip teachers with the skills necessary to identify students’ difficulties
accurately and conduct fair and meaningful assessments. Such professional growth contributes
positively to students’ personal development and overall well-being.

A well-designed assessment process enables students to recognize and focus on their individual
strengths and abilities, helping them utilize these competencies effectively in both academic and
social contexts. Assessment plays a vital role in shaping students’ self-perception, influencing the
formation of their identity and character. In turn, these individuals contribute to the development
of society through their achievements, knowledge, and active participation in social life.
Ultimately, accurate assessment and healthy self-evaluation foster confidence, motivation, and
personal responsibility. Students who develop a realistic understanding of their abilities are more
likely to become active, successful, and socially responsible members of society, contributing
positively to both their communities and the broader development of their country.
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Factors influencing on Teachers’ Job
Performance in Schools

Tatia Aslanishvili

Abstract: The main purpose of this article is to examine the factors influencing teachers’ job
performance in schools. Job performance is defined through a lot of factors. One of them is
organizational culture as it encourages employees to feel valued and motivated. Through the
research we aim to demostrate collaborative approach as an organizational characteristic
contributes to better performance compared to formally structured schools. Collaborative
approach encourages employees to feel valued, motivated, and committed to their work. The
study was conducted using a quantitative research method through a standardized questionnaire.
OCAl; (Organizational Culture Assessment Instrument). The survey results indicate that
organizational characteristics based on strict bureaucratic procedures and formal structures
receive the lowest level of support, whereas a family-like organizational environment is considered
highly important by the majority of respondents.

Keywords: job performance, organizational culture, school climate, teachers, educational
effectiveness, academic achievement

Introduction: In recent years, schools have faced increasing challenges related to improving
teachers’ job performance and overall educational effectiveness. Organizational culture plays a
crucial role in shaping school operations, staff performance, and students’ academic outcomes.
When schools are well-organized and supportive, teachers can focus more effectively on teaching
rather than administrative difficulties, unclear policies, or organizational inefficiencies. A positive
school climate creates a stable learning environment where students can thrive academically and
socially. Organizational culture influences communication, collaboration, motivation, and
professional development among school staff.

Supportive approach within the school means clear communication, teamwork, fair policies,
conflict resolution mechanisms, and employee motivation. Schools characterized by supporting
cultures build trust among administrators, teachers, students, and parents. Such environments
encourage accountability, improve performance, and support continuous school improvement.
Furthermore, these factors contribute to increased job satisfaction and reduced teacher burnout.
As a result, schools demonstrate higher levels of teacher performance and educational
effectiveness.

Hypothesis: This study is based on the hypothesis that schools having high rate of collaborative
approach are characterised by higher level of job performance.

Materials: The materials used in this study included academic books, peer-reviewed journal
articles, educational reports, and other reliable sources related to organizational culture and
teacher performance. Additional materials consisted of educational policy documents and
statistical software used for data organization and analysis.

The study also drew upon findings from international large-scale educational assessments,
including TIMSS (Trends in International Mathematics and Science Study) and PIRLS (Progress in
International Reading Literacy Study). These assessments provide valuable information regarding
student achievement and educational effectiveness across countries.

Furthermore, reports and datasets from TALIS (Teaching and Learning International Survey),
conducted by the OECD, were reviewed. TALIS provides comprehensive information on teachers’
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working conditions, professional development, instructional practices, and school leadership.
These sources supported the interpretation and contextualization of the study findings.
Methodology: This study applied a quantitative research design to examine the relationship
between organization characteristics and teachers’ job performance in Georgian schools.
Data were collected through a standardized questionnaire based on the Organizational Culture
Assessment Instrument (OCAI) , the Competing Values Framework (CVF), developed by Quinn and
Cameron (2011), as the primary theoretical and analytical framework. According to the CVF,
organizational culture can be categorized into four distinct types:

e Clan Culture — characterized by teamwork, participation, and employee commitment.

e Adhocracy Culture — characterized by innovation, creativity, and adaptability.

e Market Culture — characterized by competitiveness, productivity, and achievement of

goals.

e Hierarchy Culture — characterized by formal structures, rules, and procedural control.
The questionnaire included questions designed to assess participants’ perceptions of
organizational culture and its characteristics. Using this instrument, the strength of each
organizational culture type is determined by the total score assigned to a specific cultural category.
Considering the respondents’ characteristics and cultural differences, the scoring strategy was
modified, and the statements were evaluated not by assigning numerical points, but by rating their
level of importance. In the questionnaire, the dominance of a particular culture type is determined
by the number of responses marked as “very important.”
Face validity was conducted to assess the clarity and appropriateness of the items, and the content
validity of each question was evaluated. The items were reviewed by educational and
administrative leaders from various fields, as well as psychologists and teachers. The questionnaire
was accompanied by a description of the study’s relevance, aims, and theoretical framework of
the items. Participants evaluated the extent to which the questions corresponded to the
theoretical framework using an 11-point Likert-type scale. Data were collected, and based on the
participants’ feedback, the mean scores of each item’s correspondence to the relevant research
dimension were calculated. According to these results, ratings of 9, 10, and 11 were considered
indicators of high validity. The population of the study consisted of teachers employed in public
and private schools in Tbilisi, Georgia. The survey was distributed electronically using Google
Forms. Data were analyzed using SPSS statistical software. Descriptive statistics, including
frequency distributions and graphical representations, were used to identify dominant
organizational culture types and examine their relationship with teachers’ perceptions.
Results: The findings indicate that respondents generally prefer organizational environments
characterized by collaboration, trust, and supportive relationships.
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Diagram 1: Dominant characteristics of organization:
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The least preferred organizational characteristic was a highly formalized environment based on
strict procedures and bureaucratic control, where employee behavior is strongly regulated by
formal rules and policies.

The majority of participants identified a family-like organizational environment as highly
important. Respondents expressed strong support for organizational cultures that promote
teamwork, open communication, mutual support, and participation in decision-making.

The results suggest that clan-oriented cultural characteristics are more positively perceived than
hierarchical structures among teachers working in Georgian schools.

Discussion:

The findings support the assumption that organizational characteristic collaborative approach
significantly influences teachers’ job performance and overall school effectiveness. Teachers
appear to value collaborative and supportive environments more than highly bureaucratic
organizational structures.

These results emphasize the importance of trust, communication, participation, and professional
collaboration within educational institutions. Schools that foster positive relationships among staff
members are more likely to create conditions that enhance teacher motivation, commitment, and
productivity.

The preference for clan culture suggests that teachers perceive emotional support, teamwork,
and shared values as essential components of a successful educational environment.

Conclusion: The study confirms that organizational characteristics and job performance are
closely interconnected. They influence employees’ attitudes, behaviors, motivation, and
commitment, which directly affect job performance.

The findings demonstrate that teachers strongly prefer supportive and collaborative
organizational environments over rigid bureaucratic structures. Therefore, school leaders should
prioritize the development of positive organizational cultures that encourage collaboration,
professional growth, and employee well-being. Such efforts are likely to improve teacher
performance, strengthen school effectiveness, and ultimately enhance student achievement.
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Today, educational researchers have come to the conclusion that achieving the development and
sustainability of student activity and independence, the importance of which has long been
confirmed in education, will make a serious contribution to solving the problem we mentioned.
Activity and independence are understood at this point, first of all, as the creativity, initiative of
students, and their position as researchers in acquiring knowledge. The ways to implement this
have been largely illuminated in methodological studies. Ensuring the activity and independence
of students, especially in studying works of art, has always attracted attention. Although useful
work has been done in this direction, there are still many tasks that need to be accomplished.
Today, a more favorable opportunity has arisen for their solution. This is due to the emergence of
technologies that allow approaching the educational process and its regularities from various
aspects. It seems that it is impossible to solve the problem separately, in isolation. In the current
conditions, where new educational approaches are emerging, there is a serious need for
multidisciplinary research. It is important that contemporary research conducted in this context is
directed towards identifying the conditions and means that allow for the reading of a literary text,
its in-depth study, and the formation of a personal attitude to it. This goal sets as a primary task
the step-by-step approach to innovation by referring to what has been achieved successfully. For
example, in school practice, before reading, as well as after reading and mastering the content,
students are asked questions in order to reveal the level of their independent approach to a
literary work. More precisely, schoolchildren express their initial conclusions about the subject of
the work, the essence of the ideas, stories, and events reflected in it, the cause-and-effect
relationships between them, etc., and their attitude to all this.

In textbooks, the image of the mother is analyzed from psychological, didactic and social aspects
as a symbol of unconditional love, sacrifice and moral values. This image plays an important moral
support role in the formation of students as personalities, in the development of empathy skills
and national-moral awareness.

In literature and language textbooks, the psychological analysis of the mother's image is mainly
carried out in the following directions:

1. Sacrifice and Unconditional Love- The image of the mother is presented as a sacred being
who endures all kinds of hardships for her children, putting her own desires and needs in
the background. This presentation forms a deep sense of respect, love and gratitude
towards parents (emotional intelligence) in children.

2. Bearer of Moral Values - As the protector of the family hearth, the mother is the first
educator who instills in children moral qualities such as kindness, honesty, patriotism. Her
psychological portrait lays the foundation for a sense of conscience and responsibility in
children.
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3. Emotional Support and Security - Psychologically, the image of the mother plays the role
of a "secure base" for the child. The mother is the greatest psychological support for the
child in the face of difficult life trials. Through the images of mothers in the works, the
psychology of not giving up in the face of difficulties and being patient is instilled in
students.

4. Development of Empathy - In literary works, feelings such as the concern, sadness, or pride
that a mother feels for her child develop in students the ability to understand others and
build empathy.

The function of the mother image in textbooks is not only to study the character of the literary
hero, but also to create a healthy psychological and moral worldview in the reader (student).

The content of S. Rustam's work "Mother and the Postman" allows us to divide it into four parts,
conditionally. First of all, the inner meaning of the episode 1 (description of the anxiety and worry
of a mother waiting for a letter from her son), which is intended as the first part, should be
clarified. Its successful solution depends on how the image of the mother is understood. The
endless anxiety and tense psychological state of the mother, who is impatiently waiting for news
from her son, whom she sent to the front, are presented with great skill. The mother, who has not
received a letter from her son at the front for four months, has exhausted her patience. The
mother, who receives news of her son from each front, is consumed by anxiety and doubt. The
mother, who is filled with questions, believes that her son is not ill and has not died. However, she
cannot explain the reason for his not writing a letter.

The mother, whose absent-minded gaze recalls the "cloudy sky" and whose tears recall the "first
spring rain", gets up from her bed "at the crack of dawn" and waits for news from her son all day
long. Clarifying these aspects makes it easier to determine the inner meaning (subtextual meaning)
of that part. It can be expressed as follows: “A child is dearer to a mother than her own soul!”. So
what should the performer draw the listener’s attention to when reciting that hussa? In other
words, what is the task (performance task) set before the performer?

It is appropriate to define the performance task in the following context: “To convey to the
listeners the greatness of a mother’s love for her son and her endless concern.”

Conclusion: One of the foundations for analyzing women's poetry—an undeniably specific
foundation—can be the theme of motherhood. A man can create the image of a mother, but never
the image of motherhood. This is the point that divides and will never reconcile man and woman.
The foundation of the image's persistence lies in its origins in archaic representations and its
retransmission, unchanged, through cultural or cultural-religious idealization, into new literary
traditions. The term "real mother" is applicable to contemporary women's poetry, as the image of
motherhood and motherhood is becoming more concrete, revealing the mother's personality and
inner world, something not present in the folkloric tradition. This phenomenon is entirely natural:
culture changes, literary eras pass—traditions change, and consequently, new variations in images
of motherhood emerge. Yet, at the same time, the archaic understanding of woman as mother
remains. The undervaluation of motherhood, which dates back to ancient times, also persists,
since the highest meaning of a woman's life—to give birth—is understood, in light of feminist
theories, as a simplified biological purpose for women, a reduction of their social roles.
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The purpose of this study is to study the relationship between economic self-efficacy and
economic socialization and to determine the role of economic self-efficacy in the process of
forming economic behavior. Economic self-efficacy is considered as an individual's belief in his or
her own abilities in the context of successfully completing financial and economic tasks, and
economic socialization is considered as a process through which a person acquires economic
knowledge, values, skills and behavioral models.

The empirical research data were processed in the program - SPSS. 528 respondents
participated in the study. Descriptive statistics and Pearson correlation analysis were used for data
analysis. The results showed that 45.6% of the respondents are characterized by a high level of
economic self-efficacy, 45.5% - medium, and 8.9% - low. Correlation analysis revealed significant
positive relationships between economic self-efficacy and financial independence (r = .635, p <
.001), values (r =.653, p <.001), psychological flexibility (r =.626, p <.001), financial knowledge (r
=.552, p <.001), financial skills (r =.492, p <.001), and general self-efficacy (r = .532, p <.001).

The results confirm that economic self-efficacy is one of the most important psychological
mechanisms of economic socialization and has a significant impact on the formation of economic
behavior. High economic self-efficacy is associated with financial activity, independent decision-
making, effective management of financial resources, and economic independence. The results of
the study emphasize the importance of developing economic self-efficacy in financial education
and economic socialization programs as one of the key prerequisites for economic well-being and
successful economic functioning.

Introduction

In the modern world, economic success and financial well-being do not depend only on
material resources. More and more research confirms that psychological factors, including self-
efficacy, motivation, locus of control and value orientations, significantly influence an individual’s
economic behavior. In this context, economic self-efficacy is of particular importance, which is
considered as an individual’s belief in his or her own abilities to successfully perform economic
and financial tasks (Bandura, 1997).

Economic behavior is the decisions and actions taken by an individual in the economic
environment related to the acquisition, distribution, consumption, saving and provision of
financial well-being of resources. According to modern approaches, economic behavior is not only
the result of rational choices; It is formed by the influence of psychological, social and cultural
factors and reflects a person’s financial knowledge, skills, values, motivation and responsibility
(Katona, 1975; Webley & Nyhus, 2006).

The basis for the formation of economic behavior is economic socialization - the process
through which an individual acquires economic knowledge, values, norms and behavioral patterns.
As a result of economic socialization, a person learns to manage financial resources, take economic

202



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

responsibility and adapt to the demands of the economic environment (Gudmunson & Danes,
2011).

Economic self-efficacy is considered one of the most important products of economic
socialization, because it determines how confident an individual is in his or her own abilities in
solving economic problems and making financial decisions.

Theoretical foundations of economic self-efficacy

The concept of self-efficacy was first formulated by Bandura within the framework of social
cognitive theory. According to the author, self-efficacy refers to a person's belief that he can
successfully perform specific actions and achieve desired results (Bandura, 1997).

In the economic sphere, self-efficacy reflects a person's confidence in his own financial
capabilities. People with high economic self-efficacy are more inclined to make independent
decisions, actively manage financial resources and better cope with economic difficulties.
Conversely, low economic self-efficacy is often associated with avoidance of financial
responsibility, a sense of uncertainty and a passive attitude towards economic challenges.

Economic self-efficacy has a significant impact on both financial behavior and professional
development and the achievement of economic independence. Accordingly, it is considered one
of the main psychological mechanisms of economic socialization.

Research Results

The research assessed the level of economic self-efficacy of respondents. According to the
results obtained, the majority of respondents are characterized by medium or high economic self-
efficacy.

High economic self-efficacy was revealed in 45.6% of respondents, medium level — in
45.5%, and low level —in only 8.9%.

The data obtained indicate that the majority of respondents have a positive perception of
their own economic capabilities and sufficient psychological resources to overcome financial
challenges.

The group with medium economic self-efficacy, which is most widely represented in the
study, can be considered a category at the development stage. Representatives of this group
already have some economic knowledge and experience, although the influence of the social
environment and educational processes is still important for them. Accordingly, financial
education programs and practical economic experience can be especially effective for
representatives of this category.

Respondents with high economic self-efficacy are likely to exhibit more economic
independence, financial responsibility, and long-term planning-oriented behavior. They make
financial decisions more confidently and are better able to manage financial resources.

A relatively small group of respondents (8.9%) with low economic self-efficacy requires
special attention. These individuals may be characterized by difficulty in making financial decisions,
less confidence in their own abilities, and a tendency to shift economic responsibility to external
factors.

Economic self-efficacy and economic socialization

In the process of economic socialization, a person gradually acquires the knowledge and
skills necessary for successful functioning in the economic environment. However, the presence
of economic knowledge does not always lead to effective economic behavior. For this, it is
necessary for the individual to have faith in his own abilities and a willingness to apply the acquired
knowledge in practice.

The results of the study showed that economic self-efficacy is significantly and positively
related to almost all major components of economic socialization.

Specifically, economic self-efficacy is strongly correlated with values (r = .653, p < .001),
financial independence (r = .635, p < .001), psychological flexibility (r = .626, p < .001), locus of
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control (r =.596, p <.001), financial knowledge (r =.552, p <.001), self-efficacy (r=.532, p <.001),
and financial skills (r =.492, p <.001).

These results indicate that economic self-efficacy is not an isolated characteristic. It is
associated with both cognitive components (knowledge, skills), as well as personal and value
factors. This once again confirms that economic behavior is the result of a complex social and
psychological process.

The influence of economic self-efficacy on economic behavior

Economic self-efficacy has a significant impact on an individual's daily economic behavior.
People with high self-efficacy are more involved in making financial decisions, more often carry
out financial planning and are responsible for economic obligations.

A high level of economic self-efficacy is associated with:

Financial activity;

Independent economic decision-making;

Effective management of financial resources;

Professional motivation;

Effective solution of financial problems;

Setting and implementing long-term financial goals.

On the other hand, low economic self-efficacy may be associated with avoidance of
financial responsibility, uncertainty in decision-making, and a passive attitude towards economic
challenges.

Thus, economic self-efficacy is the psychological mechanism through which economic
knowledge and experience are transformed into actual economic behavior.

Conclusion

The results of the study show that economic self-efficacy is one of the most important components
of economic socialization. The majority of respondents are characterized by medium or high
economic self-efficacy, which indicates their readiness to function successfully in the modern
economic environment.

Correlation analysis showed that economic self-efficacy is closely related to financial knowledge,
financial skills, financial independence, psychological flexibility, values, and self-efficacy. These
results confirm that the formation of economic behavior depends not only on economic resources,
but also on the psychological capabilities and social experience of the individual.

Accordingly, economic socialization programs and financial education initiatives should be focused
not only on the transfer of economic knowledge, but also on the development of economic self-
efficacy, since it is precisely the belief in one's own abilities that determines the active,
responsible, and independent economic behavior of an individual.
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The mining industry's evolution in the framework of the global shift to a green economy is a
multicolored and multifaceted process that brings together economic need and environmental
concern. This thesis has shown that the mining industry is a keystone to making renewable energy
technologies possible, as it provides essential raw materials like lithium, cobalt, nickel, and rare
earth elements. Meanwhile, mining is one of the major causes of environmental degradation,
posing an essential conflict between economic growth and sustainability.

The historical discussion of the mining industry verifies that the industry has developed to
be less traditional mining of resources and more technologically focused and strategic. The
demand for critical minerals, in turn, grew significantly in the modern age because of the growth
of renewable energy systems. This change underscores the increasing role of mining in meeting
the global climate goals and the necessity to pursue more sustainable mining.

But the study has demonstrated that there is two-sidedness in the mining industry. On the
one hand, it promotes economic growth and technological progress, as well as green energy
transition. Conversely, it is a source of environmental issues like greenhouse gases, water
pollution, land degradation, and biodiversity. Such duality requires coming up with efficient legal,
regulatory and technological solutions.

Comparative Diagram 1: Environmental Impact (Traditional vs Sustainable Mining)
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The data show that sustainable mining practices can decrease environmental footprint by
35%-50%, and the greatest change was in the reduction of water pollution.

The discussion of the law and regulatory systems in this thesis has pointed out how they are
key in regulating the effects on the environment. The national legal systems provide a framework

205




Proceedings of the 13th International Scientific Conference

on how to regulate the mining activities through licensing, environmental impact assessment, and
compliance provisions. Meanwhile, the policies of a country are shaped by international regimes,
like the Paris Agreement, which encourages sustainable practices and the reduction of emissions.

Moreover, the incorporation of international standards like ISO 14064-1:2018 gives viable
instruments to quantify and control the effects on the environment, especially greenhouse gases.
These standards promote the use of environmental regulations and transparency.

Moreover, the discussion of sustainable mining has shown that the implementation of
technology and effective management of resources are critical factors to minimize environmental
impacts. Use of renewable energy, water recycling, and state-of-the-art waste management
technologies greatly boost the environmental performance.

Comparative Diagram 2: Sources of Environmental Impact in Mining
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The biggest environmental impact (40%), however, is energy consumption, which underlines
the need to switch to renewable energy in the mining process.

The results also highlight the significance of policy and strategic approaches to sustainable
mining. Governments need to enhance the legal frameworks, the enforcement mechanisms and
facilitate the use of international standards. Meanwhile, mining companies need to apply
environmental, social, and governance (ESG) in their processes.

Conclusion

Finally, the mining sector is an essential part of the green economy development, yet its
sustainability requires effective combination of legal, technological, and policy decisions. The
comparative analysis in this section shows that much can be done to change the situation by
applying sustainable mining practices and enhancing regulatory frameworks.

Findings of this study support the premise that although mining will remain an important
aspect of world development, it has to be anchored in a sustainable strategy that emphasizes the
need to protect the environment, manage resources and be socially responsible. This equilibrium
is vital in making sure that the mining sector plays a positive role in globalizing to a sustainable and
low-carbon future.
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LLIYSKbIK OHIMIEPIH OHAIPYET]
LLIVKIZAT MEH KOCNANAPABIH
OYHKLIMOHAIBIK PO

Mypatkanun Anuva

TEXHMKA FbINbIMAAPbIHbIH MAarncTpi, okbITyLWbl, K.XKybaHOB aTbiHAafbl AKTEeDE eHipiK
YHUBEPCUTETI

Koxabait lapxaH AcKapy/ibl

TEXHMKA FbINbIMAAPbIHbIH MAarncTpi, ara oKbITyLwwbl, K.-KybaHoB aTbiHAafbl AKTEOE OHipAiK
YHUBEpPCUTETI

HaKcblFranukpisbl MNymxkaHap

neaarornka fblbIMAapbiHbIH MarncTpi, oKbITyLbl, K.*KybaHoB aTbiHAaFbl AKTEbE eHipAiK
YHUBEpPCUTETI

KocyakoBa AnbbuHa EpTaikpi3bl

3 Kypc ctyaeHTi, K.)KybaHoB aTbiHAafbl AKTebe eHipaik yHMBepCcUTeTI

onim AkboTa Cbip/ibibanKbI3bl

3 Kypc ctyaeHTi, K.)KybaHoB aTbiHAafbl AKTebe eHipaiK yHMBepCcUTeTI

Kipicne

Kasipri KeseHae WyXblK 6HIMAEPi XaAblKTbIH TaMaKTaHy KypblibiMblHAA MaHbI34bl OPbIH
anbin oTblp. YpbaHu3aumsa yAepiciHiH Kylewi, emip blipfafbiHbiH Kedenaeyi »KoHe yaKkbIT
yHemaeyre HafrbiTTanfaH Tamak eHiMAepiHe AereH KaXKeTTiNIKTIH apTybl Oy eHIM TYPiHIH TYTbIHY
KenemiH ynfantTbl. Kypambl KafblHaH AalblH 9pi eHAeNreH Tafram PeTiHAEe LWYXKbIK eHIMAepi
KO/IKETIMAINITIMEH, CaKTay Mep3iMiHIH CanbICTbipMasibl Y3aKTbIFbIMEH oHE aCCOPTUMEHTIHIH
KeHairimeH epekweneHedi. Ocbl aKTOpnap LWYXKbIK OHIMAEPIHIH, Ka3ipri Kofamaa KeHiHeH
TYTbIHbIZIYbIHA bIKNaA eTyae.

Lyxcblk — eTTeH Hemece eT OHIMAEpiHEH apHaWlbl TEXHONOTUAMbLIK OHAEY apKbl/ibl
AanblHAANATbIH »KOFapbl TafaMAblK KyHAbIAbIFbl Bap eHiM. byn eHiM agamaapabiH TamMaKTaHy
PaLMOHbIHAA epeKLLe OpblH afadbl, cebebi KypambliHAA }KOFapbl canabl akybl3, Mal, A3pPyMeHAEP
MeH MMHepanabl 3aTTap bap.

LLIy»KbIK ©HIMAEepPiH eHAipyAe KOAAAaHbIAATbIH LWKWKI3aT NeH Kocnajiap AalblH eHIMHIH,
canacblH, A2MiH KaHe TaraMablK KYHAbIIbIFbIH anKbiHAaMAbl. Con cebenti eHAipicke eHri3ineTiH
9pbip Kypampgac Oenik TexHONOTrUANbIK TypfbldaH Heridgenin Tandanagpl. LysKbiK eHimaepi
bipHelle benrinepi bonbIHLLIA XKiKTeneai:
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9/—406)/ mypiHe Kapau
 IMluxineit
Jluepni WSS picTanFaH
(Gaysipmsr) LIYKEIK
LIYKBIK (MBICATIB,
CaIAMH)

Ticipinin-
BICTAIFaH . >—/ e
WYKBK e TOKTOpCKad,

MHCKafA)

2\
\ JKaprsLmait
- 8

BICTATIFAH
IIYKBIK

2. Wukizam mypiHe Kapal: eTTeH (Cublp, WOLWKA, KOW, TayblK), €T aHe cybeHimaepaeH, ecimaik
Kocnanapbl 6ap (con, Kpaxman KOoCbiNFaH), ANEeTanblK KaHe 6ananapfa apHanfaH Typaepi.

KondaHblnamelH maramobiK Kocnanap meH 0a1ap0biH pesi. LLyKbIK eHaipiciHae Tek eT

eMec, apTypAi KoCnanap MeH AamaeyilTep Ae MaHbI3abl pea aTKapaabl.

Kocnanap eHiMHIH TEXHONOTMAMBIK XaHEe OpraHONenTUKaAbIK KaCMeTTepiH XaKkcapTadbl:

o  Pochammap - akybI3AblH, iCiHY KabineTiH apTTbipPbIN, OHIMHIH KYPbIAbIMbIH HblFanTabl.

o AcKopbuH KbiwKbiabl (C sumamuHi) - TyC Ty3iny NpoueciH Te3aeTesi KoHe aHTUOKCMAAHT
KbISMETIH aTKapadbl.

e [lamOeyiuimep meH wenmep (Kapa bypblill, MyCKaT ¥KaHFafbl, CApbIMCaK, KOpMaHApP) A9M MeH
nic bepegi.

e (Cof NpoTenHAepi MeH Kpaxman eHiMHIH KOHCUCTeHUMACBIH Bipkenki eTeai.CTabunmnsaTopnap
YKaHe aMmybraTopaap cyapiH 6eniHin ketyiH 6onabipmaiiabl.

Lukizam neH KocnanapOeiH eHiM canacsiHa acepi. LLyXbIk eHaipiciHae WuKi3aT neH
KocnanapAblH, apakaTbiHacbl ©Te MaHbI3abl. Erep eT canacbl TemeH 6osica Hemece Kocnanap
MeANLWepi AYPbIC CaKTaIMaca, 8HIMHIH, A2Mi, WiCi *KaHe KYPbI/bIMbl Hallapaanasl. Mbicanbl: HUTPUT
Ty3bl apTbIK 60/1Ca, allbl Aam nanga 6onagpl. Pochat a3 bosca eHIM KypFak api VriTifin ketea,.
Mat1 a3 6o/1ca WYKbIKTbIH, WbIPbIHAGIbIFE TOMeHAenai. COHAbIKTaH eHAipic bapbiCbiHAA WWKI3aT
canacblH 6aKplnay, A03anay A214ir, *KaHe TEXHONOTMANBIK TEMMNEpaTypa PeXKMMI KaTaH, cakTanysl
KarKeT.
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LUyXKbIK ©HAIPICIHIH, HEri3ri Ke3eHaepi:

1. IlnkizaTTel
Ka0bL1ay 5KoHe 2. ETTi ycakray
TeKcepy — eTTiH (BOJIYOK Hemece
camnacsl, mici, Tyci KyTTepe);
aHBIKTAJIA/IBI.

3. Ty3nay koHe
JIaMjIeyilTep Kocy;

4. @apmrTsl
apajacTbIpy KoHe
KanTtay (imekke caiuy);

6. blcray (keii Typaepi 5. ZKbLIBITY XKIHE

YLLiH); nicipy;

8. Cakray :koHe

7. CybITy :K9He 0pay; TackIMAITaY.

LLlyxceIK canacelH aHbiIKmMay kepcemkiwmepi. LLyXbIKHbIH Canacbl OpraHONenTUKasblK,
OUBUKA-XMMUANBIK ~ IHE  MUKPODMONOrMANLIK — KepceTkiwTep  HoMblHWA  aHbIKTanadbl.
OpraHonenTUKanblK: TYCi, Mici, AaMi, KYPbIbIMbI, KeCiHAi BeTi. PU3NKa-XUMUANBIK: blIAFaNabIbIK,
Ty3 Me/illepi, Mal MeH aKybl3 apaKkaTbiHacbl, pH aeHreni. MukpobMonornanbiK: Me30Ppuabai
HaKkTepuanap caHbl, illeK TaaKwanapbl TOObIHbIH, DAKTEPUANAPDI, 3€H, MEH alLIbITKbIHbIH, 60/1YbI.

LLyxbiK cakmay wapmmapsl mMeH Hapamoblabik mep3imi. LLYKbIKTbIH canacbl mMeH
Kayincisajiri cakTay TemnepaTtypacbiHa 6ainaHbICTbI:

[Ticipinren konbaca: Kapreinaii picTanraH: Iukinei sicTaray:
+2...46°C, 5-7 Toymik +0...+8°C, 10-20 +10...+15°C, 1-2
TOYIIK aifra fnenin

1-cypeT. LWyXbIK 6HIMIHIH CaKTay mep3imi

blnfangpinbik  75-80% apanbifbiHaa 6onybl Kepek. CakTay KesiHae 6eHimAai opay
MaTepuanaapbl (Bakyym, NOAMMEP KanTap) canaHbl y3akK cakTayfa MyMKIHAK bepeai.

KasakcmaHoarsl wyxblK 6HOIpiciHiH Ka3ipei xardalsl. Kazipri TaHaa KasakcTaHaa
OHAAfaH ipi XaHe opTa KaCiNopbIHAAP WYXKbIK OHIMAEPIH Wolifapaabl. OnapabliH iwiHae: «bekkep m
K», «MacHon cTtaHaapT», «BUHKAH», «Opaa I1», «CendynnnH eHimaepi» cMAKTbl KOMNaHUANAP
H6ap. CoHFbl KblAZAAPbl TYTbIHYWbINAP TabWFKU, IKONOTMANBIK Ta3a KaHe KOCMnacbl3 eHimaepre
kebipek maH bOepyae. Con cebenti eHAipylwinep LWYKbIKTbl ©CIMAIK TajlbIKTapbl MeH
bYHKUMOHaNAb!l MHIpeAneHTTeEPMeH BalbITy *KON4aPbIH i34eyae.

LLy»KbIK @HAipiCiHAE LWMKI3aT NeH apTYPAi TaraMapblK KOocrnanapablH, canachl AaliblH OHIMHIH,
[2MiHe, niciHe, TyCiHE KaHe KYPbl/ibIMbIHA TiKeNen acep eTeai.

210



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

Kasipri yaKbITTa LWYXKbIK 6HIMAEPI KYHAENKTI TYPMbICTA KEHiHEH KOAAaHbIAbIM OTbIp,
OUTKEHI onapapl cakTay, TaCbiIManaay *KoHe TyTbIHY TYPFbICbIHAH KONAWAbIIbIFLI KOFAPbI. ByriHri
TaH4a OTaHAbIK HapblKTa TYpAi eHAipyWinepaiH eHiMAepi KeH TapanfaH. OHIM aCCOPTUMEHTIHIH,
MOAAbIFbl MEH A3MAIK KaCMeTTepiHiH anyaH TypAiniri TyTbIHYWbINApFa KeH TaH4ay ’Kacayfa
MYMKiHAIK 6epepai. Ocbl caH anyaH eHimaepAiH iwiHae «Opaa» KaHe «DUHCKUIM» LWYKbIKTapbl
epeklle CypaHbICKa Me. ATanfaH LWWYXKbIK Typaepi e3apa Kypambl MeH CanajiblK KepceTkiwTepi
OolbIHLWa ablpMallbliblKTapFa me.

Kepcemkiw Opoa ®PuHcKuli |

ET% Cubip eTi Kofapbl ynecte, Cublp *KoHe TayblK eTi apanac, *aanbl
TabUFUNBIK AeHreni KofFapbl eT Me ilepi opTawa

Mainbinbik, Mamnnbinbik AeHreni MalnbinbiFbl  CON  KOFapbl  60AybI

AeHreni TypaKTbl, KaNnbINTbl MAaUbIAbIK,  MYMKIH, WbIPbIHAIBIK Ken

Kocnanap docdar, Kpaxman a3 Kocnanap kebipek (kpaxman, docdar,

menuwepi menuwepae TaNWbIK)

Oom Knaccukanbik, Tabuen gom Xow wuici alKblH, AamaeyiwTep

Kebipek

Cakrany mepsimi KoHcepBaHTTap a3 —> caktay KoHcepBaHTTap, TypaKTaHAbIPFbIWTAP

mep3imi opTawa Ken —> y3aK cakTanaabl

Ty3 MenuwepiH aHbikmay
Ty3 MenllepiH aHblKTay KesiHae eHIM KypamMbiHaa TafamaplK Ty3ablH, (NaCl) HopmaaaH
apTblK HEemMece KemM eMecTiri Tekcepingi. byn KepceTKil WyXbIKTbIH A3MiHe, cakTay
TYPaKTbI/IbIFbIHA M3HE MMKPODOMOMOMUANLIK KayincisgiriHe Tikenen acep eTeTiHi aHbIKTaaabl.
KonbacaHblH, 6enrini maccacbl (2-3r) enweHin, bICTbIK cyda epitineai. EpiTiHAiHi cy3rigeH
OTKI3iM,KYMIC HUTPATbI }KaHE Kasni XpOMaTbIMEH TUTPAEHEe].
NaCl+ AgNOs= AgCl+NaNOs (1)
Capbl TycTi TyHOa Ty3inyimeH TUTpaey aakTanaapl. HatmxkeciHae Ty3 menwepi : "®uHckuii -2,8%",
"Opaa - 2,3%". OHiM TaframablK TYPFblAaH Kayinci3 *KaHe Ty3 Mme/lepi KanbinTbl AeHrenae.

Cypet 1. Ty3 Me/LEepPiH aHbIKTay

KpaxmanobiH 6ap #OofbiH GHbIKMaAy

KpaxmangblH, 6ap-*KofblH aHbIKTay HapbiCbiHAA oA, epiTiHAIiCiMeH peaKkuma »Kyprising,.
YAriHiH Kek Tycke 60saybl KpaxmandpiH 6ap eKeHiH KepceTTi. byn aaic WyKblK KypambiHa
KOCbINATbIH ©CIMAIK TEKTEC KOcManapapl aHblKTayfa MyMKiHAIK Bepea;.

LLUy»KbIK yAriciHeH a3 Mmesnllepae anblHFaH CbiHamara OipHelle TamMllbl MOA epiTiHAICiH
KOCambI3."OUHCKUI WYKbIFbI" - capfbill (Kpaxman a3) Tycke boanabl."Opaa LWyXbiFbl" - KOHbIP
(Kpaxman 6ap) Tycke boanabl. LLyKbiKKa O0AFbIL HEMeCce Kenem YAFalTKbIlW PeTiHAe Kpaxmain
KOCbI/IFaH.
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BA T
CypeT 2. Kpaxmangbl aHbIKTay.

KaHmmelH 6ap-#ofbiH aHbIKMay
KaHTTbIH Oap-*KOfblH aHbIKTay VWiH beHeauKT epiTiHAici KonaaHbinabl. AnabIMeH,
KonbacaHsbl Killi benwektepre Kecin,cyfa epitemis (1:5 KaTblHacbiHAA).2-3MN epiTiHAiIre 2mn 1hoa,
epiTiHAiCiH Kocamblz.KocnaHbl 2-3 MUHYT KaHaTambl3. EPITiHAI KeKLWin TYCTEH Kbi3blN-KOHbIP
TYCKe e3repce, peayKkUMAananTbiH KaHT Ke3aecedi. HatuxkeciHae: OUHCKUIA LWYKbIFbI-91CI3 TyC
(KaHT a3), OpAa WYXKbIFbl-KbI3FbINT TyHOA (KaHT 6ap). EpIiTiHAIHIH, KbI3FbINT HEMECEe Kbi3bla TyCKe
aliHanybl eHIMAE peayKLUMAnayLlbl KaHTTapablH 6ap ekeHiH aanenaea;.

CypeT 3. LUyKbIKTapAblH KYPaMbIHAAFbl KAHTTbI aHbIKTAY

MalidbiH momeliry 0apexceciH aHblKkmay
ManapblH, TOTbIFy [9PEXKEeCiH aHblKTay Ke3iHAe Mmal KypamblHAafbl MNepoKCUATIK
KOCbINbICTapAblH, AeHreli Tekcepinai. On ywiH manbiH 6enek 6enin anbin, Kanu MoanaiH KOCTbIK.
DUHCKUIA LWYKbIFbI- @K TYC (TOTbIFybl TOMEH) CaKTay canacbl KaibinTbl, Opa WyKblfbi-CapFbill (Mai
TOTbIFyFa YlbipafaH) TOTbIFy Oenrici 6ap. TOTbIFy Aspekeci Kofapbl ODONFAH KaFdaiaa eHIMHIH,
O3Mi, WiCi *KaHe cakTay Mep3iMi HalllapAanlTbiHbl aHbIKTaAabI.

CypeT 4. ManablH TOTbIFY A9PEXKeCiH aHbIKkTay BapbiChbl

annbl 3epTTey HaTukenepi 6onbiHWa Konbaca canacblH Oafanay KesiHAe OHbIH,
XMMUANBIK  KYPaMblH, QU3NKa-XMMUALIK KAacMEeTTEepiH KoHe KOoCbIMLWa 3aTTapAblH, 60aybIH
aHbIKTay MaHbI34bl eKkeHi aanengeHai. byn KepceTKiWTep 6eHIMHIH, TafamMablK KYHAbI/bIFbIH,
HanfblHAbIFbIH XaHe Kayinci3airiH KaMTamachI3 eTyre MyMKiHAiK 6epea;.

KopbITbiHAb!
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LLy»KbIK 6HiIMAEpi — XaNblK apacblHAa KeHiHEeH TYTbIHbIAATbIH, Ofapbl TafaMAblK *KaHe
aHepreTuKanblK KyHAblblFbl 6ap eHiM. Onapabl eHAipy TEXHONOMMACHI FblbIM MEH TaXKipubeHiH
AAMYbl HOTUXKECIHAE XeTinaipinin otoip.

LereHmeH, Kasipri TaH4a canacbl3 HeMece apTblK KOCnanap KOCbIFaH eHIMAep Ae Kesaeced.
COHAbIKTAH TYTbIHYLLbI ©HIM TaH4aY Ke3iHae KypamMbliH, CakTay LWapTTapbiH XaHe eHAipyLwi beaeniH
€CKepreHi KeH.

BonawaKkTa OTaHAbIK LWYXbIK ©HAIPICIH AambiTy, Tabusm WKKI3AT NanganaHy »KaHe
Xa/blKapasblk cana cTaHAapTTapbiHa calt eHAIpY — eniMi3aiH, a3blK-TYiK Kayinci3airiH kKamTamacsi3
eTyaiH, maHbi3abl Oeniri. KopbiTa KenreHae, WYKbIK ©HAIpiciHAEer WuKi3aT neH TafamablK
KocnanapblH, canach! AaiblH 6HIMHIH cananblk KOpCeTKilTepiHe Tikenen acep eteai.

«Opaa» KaHe «PUHCKMINY LWYKbIKTAPbIHbIH, CabICTbiPMasbl Tandaybl 0apAblH KypamabiK,
anbIpMaLLbINbIKTAPbIH alKbiH KepceTTi: bipiHwici - AscTypAi, Tbifbi3 KaHe Kot aamai bonca,
EKiHwWici - 3amaHayun KocnanapmeH AanblHAanfaH, }XYMCakK, api XoLl WicTi oHiM. COHAbIKTAH LLYKbIK,
eHAIpyWwinepi WKKI3aT TaHAdayda *oHe Kocnanap KOAA4aHydad fblblMWU HerisgenreH Tacinaepd
YCTaHybl KaKeT. byn eHiM camacbiH apTTbipbii, TYTbIHYLWbIAAP CYPAHbICbIH KaHafaTTaHAbIpYFa
MYMKIHAIK 6epea,.
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PecnybaurKka KasaxcTaH

OpuyK AH Butanbesuny

DBA, AamaTbl MeHeaxMeHT YHuBepcuTeT, r. Anmathbl, Pecnybanka KasaxcTaH

AHHOTauuA

B coBpemeHHbIX YCNOBMAX Pa3BUTMA CUCTEMbI 34PABOOXPAHEHMA AO0Bepuve naluMeHTOB
CTAaHOBMUTCA OAHWUM M3 KIOYEBbIX HEMATEPMAIbHbIX aKTMBOB MeAWMLMHCKOM OpraHusaumm. Poct
KOHKYPEHUMN Ha PbIHKE MeAWMUMHCKMX YCayr, umdpoBM3aLmMa 34paBOOXPaHEHMA, NOBblWeHMe
MHOOPMMPOBAHHOCTM HaceNeHuAa U pa3BUTME NaUMEHT-OPUEHTMPOBAHHOM MOJEAN OKa3aHWA
MeAMLMHCKOM NoMoLM 0DYyCNoBNMBAOT HEOBXOAMMOCTb BKIHOUEHWA MoKasaTenen AoBepun
NAUMEHTOB B CUCTEMY CTPATErMYecKoro W aHTUKPU3MCHOIO YyNpasaeHWA MeAMLMHCKOM
opraHusaument. Llenb nccnegoBarmna —onpenennTb ponb patient trust kak dakTopa ycToM4MBOCTM
YaCTHOM MeAMUMHCKOM opraHu3aumm n pas3paboTaTb MNOAXOAbl K €ro OUeHKe B cUCTeMe
aHTUMKPU3MCHOrO yNpaBaeHuA.

MaTepuansl U MeToAbl. MiccnenoBaHue BbIMONHEHO HAa OCHOBE aHa/nM3a AEATeNbHOCTU
MHOronpoduabHON YacTHOM meaAuuMHCcKoM opranmnsaumm TOO «Clinic Miras». Micnonb3oBaHbl
MeTOAbl CUCTEMHOTIO aHa/IM3a, CPAaBHUTENIbHOrO aHaAN3a, aHaIM3a HAYYHOW UTepPaTypbl, OLEHKK
rokasaTesieil yaoBneTsopeHHocTH naumeHTos, Net Promoter Score (NPS), Customer Satisfaction
Index (CSI), cTpyKTypbl 06palleHunit 1 Kanob naumeHTos.

Pe3ynbTaTbl.  YCTAHOBAEHO, 4YTO YypOBeHb  A0BepuA  MALMEHTOB  OKasblBaeT
HenocpeaCcTBEHHOE B/IMAHME HA YCTOMYMBOCTb MEAMUMHCKOM OpraHM3aumm Yepes noKasaTenu
NOBTOPHbIX 06paLleHN, NOANBHOCTM NALUMEHTOB, PEMYTALMOHHON YCTOMUYMBOCTN U GUHAHCOBOM
CTabnNbHOCTU. BbIABNEHO, YTO CHUKEHME A0BEPUA NALMEHTOB CONPOBOXKAAETCA POCTOM ¥Kanob,
YMEHbLUEHNEM 0NN MNOBTOPHbIX BU3UTOB W CHUMXEHWEM 3PPEKTUBHOCTM aHTUKPU3INCHOTO
ynpasneHua. NpegnoxeHa cuctema oueHkM patient trust, Bkatovarowasa noxkasatenn NPS, CSl,
MHAEKC MOBTOPHbIX OOpalLeHni, CTPYKTYpy anob n umdpoBytOo penyTaumio MeamLmMHCKOM
opraHuMsaumu.

3akntoveHuve. [loBepue NaAUMEHTOB CAedyeT pPacCMaTpuBaTb KaK CaMOCTOATENbHbIN
CTpaTermyecknin pecypc M OAMH K3 KAo4YeBbIX (GAKTOPOB OPraHM3auUMOHHOM YCTOMYMBOCTM
MeaMLMHCKON opraHu3aumm. BraoyeHne nokasaTenei patient trust B cuctemy aHTUKPU3UCHOO
ynpaBaeHWA MO3BONAET MOBbICUTb KAYecTBO YMNpaBAEHYECKMX pelweHuin Kn  obecneyunTb
[ONTOCPOYHYHO YCTOMYMBOCTb MEANLIMHCKOM OpraHmnsaumm.
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Kntouesble cnosa: patient trust, nosepue nNauMeHTOB, MeAMLIMHCKAA OpraHW3aums,
aHTUKPU3MCHOE  yMNpas/ieHMe, YCTOMYMBOCTb opraHmsaumm, NPS, CSI, penyTauMOHHbIN
MeHeOXMEHT.

BeseaeHue

CoBpemeHHOe 34paBOOXpaHeHNE MepeXxmnBaeT Nepmom, CyLWeCcTBEHHbIX TpaHChopMaL i,
CBA3AHHbIX C UMPpOBM3aAUMEN MEAMUMHCKOM MOMOLLM, POCTOM KOHKYPEHLUWUW  MEXAY
MEANLUMHCKUMW  OpraHM3auMammn, W3MEHEHMEM OXWAAHUIM  MAUMEHTOB W MOBbIWEHMEM
TpeboBaHMIM K KadyecTBY MEAMUMHCKMX YCAYyr. B [AaHHbIX YCNOBUAX BaxKHEMWMM (GaKTOpOM
KOHKYPEHTOCMNOCOOHOCTN M YCTOMYMBOCTM MEAMUMHCKOM OpraHmM3aumm CTaHOBUTCSA OoBepue
NauMeHTOoB.

CornacHo [AaHHbIM BcemMmpHOWM opraHuM3aumMmM 34paBOOXPAHEHMA, A0Bepue ABAAETCA
OZIHMM 13 Ba30BbIX 3/1eMEHTOB 3GDEKTUBHOIO GPYHKLIMOHMPOBAHWA CUCTEMbI 34PaBOOXPAHEHMA U
OKa3blBAaeT B/AWAHWE HaA MNPUBEPKEHHOCTb JIEYEHUIO, YAOBNETBOPEHHOCTb MALMEHTOB U
pe3ynbTaTbl MEAMLMHCKON NOMOLLM. BbiCOKMIA ypoBEHb A0BepUA cnocobecTByeT GOPMMPOBAHNIO
[ONTOCPOYHBIX OTHOLUEHWM MexXay NauMeHTOM M MeAMUMHCKOM OpraHusaumen, Toraa Kak ero
CHUMKEHMEe MPUBOAMT K YXYALWEHWUIO penyTaumu, yMeHbWeHUIO MNaLMEeHTONOTOKa W POCTy
OpraH13aLMOHHbIX PUCKOB.

B nocnenHwe rogpl NoHATME patient trust paccmaTprBaeTcA He TONbKO KakK COLManbHO-
NCUXONOrMYecKasa KaTeropunsa, HO 1 Kak ynpaBaeHYeCcKMiA MOKa3aTe b, OTPAXKatoLLMA yCTOMYMBOCTb
MeaULMHCKOW opraHu3auumn. Mccneposanua Thom D., Hall M., Blendon R., Mechanic D., Gilson L.,
Ozawa S. M Apyrvx aBTOPOB MOKa3blBAOT, YTO [0BEpMe NaUMEHTOB CBA3AHO C KayeCTBOM
KOMMYHMKauMKn, 6e30MacHOCTbl0  MeAMLMHCKON MOMOLLM, MNPO3PaYHOCTbIO  AEATENbHOCTU
opraHnsaumm 1 adHeKTUBHOCTbIO CUCTEMbI YNIPABAEHUA KAYECTBOM.

[na YacTHbIX MeAMUMHCKMX opraHm3aumii Pecnybnukm KasaxcTaH AaHHas npobaema
MmeeT 0cobyto aKTyaNbHOCTb. Pa3BuTME pbIHKA MEAMUMHCKMUX YCNYT CONPOBOXAAETCA YCUNEHMEM
KOHKYPEHUMM, POCTOM 3HayeHua UMPPOBOMA penyTaumm U pacliMpeHnmem BO3MOXKHOCTEWN
NaUMeHTOB MO CPaBHEHWMIO KayecTBa MeAMUMHCKOM Mnomowu. B 3Tux ycnosumax mnokasaTenu
[0BepuA MNaUMeHTOB CTAHOBATCA BaKHbIM WHAMKAaTOPOM OPraHM3aLUMOHHOM YCTOMYMBOCTM U
TPebyloT BKAOYEHWSA B CUCTEMY aHTUKPU3UCHOTO YNpaBaeHMs.

HecmoTps Ha 3HaYMTENbHOE KO/IM4yecTBo nccnenoBaHun, NOCBALWEHHbIX
YAOBNETBOPEHHOCTM MAUMEHTOB M KayecTBY MeAMUMHCKOM MOMOLLM, BOMPOCbI MHTErpaumm
nokasaTesiei patient trust B cMcTemy aHTUKPU3UCHOTO yNpaBaeHMa MeanLUMHCKOM opraHm3aumnei
OCTAlOTCA  HEeAOCTaTOYHO  M3YYEeHHbIMM, YTO  onpedenseT  aKTya/lbHOCTb  HACTOAWErO
nccnenoBaHms.

Hay4yHaa HOBM3Ha MCCNeA0BaHWsA 3aKato4aeTcs B pa3paboTke MHTErpMpoBaHHOM CUCTEMBI
OUEeHKW patient trust Kak ¢akTopa YCTOMYMBOCTM YACTHOM MeAMUMHCKOM OpraHuM3aumm,
BK/IHOYAIOLLEM MoKas3aTenn nosabHocTh naumenTos (NPS), yoosnetsopeHHocTu naupmeHTos (CSI),
NOBTOPHbIX 0OpaLLEHMNN, CTPYKTYPbI *Kanob n umdposon penytaumm, obbegMHEHHbIX B eAMHbIN
KOHTYP aHTUKPU3NCHOTO yNpaBaeHuUs.

Llenb nccnepnosaHua

Onpeaenntb ponb patient trust kak dakTopa YCTONYMBOCTM YaCTHON MEeAMLMHCKOM OpraHm3aumm
n pa3paboTaTb NOAXOA K OLEHKe A0BEPUA NALLMEHTOB B CUCTEME aHTUKPU3UCHOTO yNpaBaeHuA.
Marepwasnbl U MeToAbl

ccnepgoBaHme BbINOAHEHO Ha Ha3e MHOronpoduabHOM MeanumnHcKom opraHnsaumm TOO «Clinic
Miras».
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MeTo40/M10rMYecKyto OCHOBY MCCNeA0BaHMA COCTaBUIIN:

CUCTEMHbIN aHaU3;

CPaBHUTENbHbIM aHaNN3;

aHann3 Hay4yHOW NnTepaTypbl;

aHann3 NoKasaTenen yaoBAeTBOPEHHOCTM NaLMeHTOB;
aHann3 CTPYKTYPbI Kanob NaumnmeHTos;

oueHKa nokasaTtesnent NPS n CSI;

MEeTObl ONUCATENbHOMN CTATUCTUKM.

[Ns OUEHKN YPOBHS A0BEpPMA NALMEHTOB UCMO/b30BaIUCh CAeAytoLLMe NoKa3aTeNu:

vk wN e

6.

Net Promoter Score (NPS);

Customer Satisfaction Index (CSl);

[015 NOBTOPHbIX 0OpalLeHNn NaLUMEHTOB;

Ko/m4yecTBo *anob Ha 1000 noceleHni;

PENTUHI MeANLUMHCKON OpraHn3aumm Ha LMPpPoBbIX NaaThopmax;
NHAEKC penyTaLuMoHHON YCTONYMBOCTM.

B KayecTBe KpUTEpPUEB OLEHKM YCTOMYMBOCTM WCMONb30BA/MUCL MOKa3aTe M COXPaHeHus
NaLUMeHTONOTOKa, MOBTOPHbIX 06paLLEHWI 1 penyTaLUMOHHON CTabUAbHOCTM OpraHmn3aLnu.

Pe3ynbTaThbl 1 0b6CYKAEHME

OueHKa NokasaTenel 4OBEPUS NaLUMEHTOB

[na KoMnneKkcHoM oLeHKM patient trust 6bina paspaboTaHa cMCcTeMa MOHUTOPUHIA, BKKOYAOLLLAn
NATb KAOYEBbIX TPYMNM NoKasaTenem:

NPS;
CSl;

MoBTOPHbIEe 0bpallleHMa NaLNEHTOB;
*Kanobbl naumeHTos;
PenyTaUMOHHbIN PENATUHT.

MokasaTenn npeacTasieHsl B Tabaunue 1.
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Tabnuua 1 — Knouesble NOKa3aTen 4MarHOCTUKN AOBEPUSA NMaLUEHTOB

HanpasneHune H KPI ” YnpaB/ieH4YeCcKoe 3HaYeHne
FOTOBHOCTb MaLlMEHTa PEKOMEHA0BATb
J10A16HOCTb NPS 4 P A
KAMHWKY 1M BO3BPaLLATbCA
OLIEHKa KayecTBa cepBuMca u
Y10BNETBOPEHHOCTb CsSl 4 P
NaLUMEHTCKOro onbiTa
paHHMe CUrHaNbl AedEeKTOB KavyecTBa,
Kanobwl KOJINYECTBO N CTPYKTYpPa
NOCTYNHOCTM M KOMMYHMKaL MK
PENTUHT B ny6an4HOE BOCNPUATUE KAUHUKA U
PenyTtauma . o
2GIS/Google/Yandex UMbpPOBOM penyTaLuMOHHbIM Kanutan
yaep»KaHue naumMeHToB U YyCTOMUYMBOCTb
BosBpart 0014 NOBTOPHbIX NALMEHTOB o .
OTHOLLEHWN C KTMHUKOM

lpumeyaHue: cocmassneHo asMopPoM Ha 0CHose KoHuenuuu Patient Trust Management,
modenu Patient Experience Framework (Picker Institute), pekomeHoauuti Agency for Healthcare
Research and Quality (AHRQ), uccnedosaHull Berry L., Parasuraman A., Zeithaml V., Reichheld
F., Doyle C., Safran D. no doseputo nauyueHmos, patient-centered care, kayecmay
g3aumodelicmaus u penymauuoHHoU ycmolvyugocmu mMeouyUHCKUX opeaHu3ayuli

AHann3s NPS

OoHUM M3 Hambosee pPacnpoCTPaHEHHbIX MHCTPYMEHTOB OLEHKM NOAAbHOCTM MNaLMEeHTOB
asnaetca Net Promoter Score (NPS).

PacueT nokasaTena BbINOJHAACA MO d)opN\yne:

NPS = % npomoyTepos — % KpUTUKOB (PUCYHOK 1)
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NPS (NET PROMOTER SCORE)

NMOKA3ATEJ1b JIOAJIbBHOCTU NALMUEHTOB

NPS — 370 uHAeKC, KOTOPbIA NOKa3biBAET, HACKONLKO
/ BE/MKa BEPOSITHOCTL TOTO, YTO MALMEHTBI NOPEKOMEHAYIOT NPS saxHee o6Lyeil y10BNeTBOPeHHOCTH,
O HaLy KNUHWKY CBOUM POACTBEHHUKAM, APY3bSM WK NOTOMY YTO U3MEPAET HE NPOCTO MHEHMe,
3HaKOMbIM. OH OTPaXaeT ypoBeHb NOBEPHA, IMOLIMOHANBHON a rOTOBHOCTb PEKOMEH[0BATb APYIrHM.
NPUBA3AHHOCTH M FOTOBHOCTH BbiTe «aABOKATOM» KNMHUKW.

1. KNACCHWYECKMI BOMPOC NPS 2. ®OPMYJIA PACYHETA NPS

«Hackonbko BeposTHO, 4To Bbl NnopekoMeHpyeTe Ions Mons
Hally KIMHUKY POACTI , BpY wimn 7% NPS = npomoytepos | = KpUTHKOB
(%) (%)
OTeet ouyeHuBaeTca no wkane ot 0 go 10
l ]

g T o0
KPUTUKWH | NMPOMOYTEPbBI e e
0-6 Gannos 7-8 Gannoe 9-10 6annos

o,
Kputiku HeiiTpaneHsie NauneHTs! MpomoyTeps! 6 5% 3 1 5 /‘"
HEADBONKHML, MOCYT REMMTECA YAOBNETEOPEHSI, HO HE POAMLHEN 1 FoTORb ﬂpawv;ep':; meanb;ngre Knmm;m
HEraTHBHbIM ONLITOM NPORBNAWT AKTHEMOR KMy (ousrxa €-10) {ousioc 7-8) {oueta 0-6)

) = e5% - 15% =@

4. VHTEPMPETALWSA 3HAYEHWIA NPS .‘. BbICOKWWA NPS —
. 3TO POCT M YCTOMYMBOCTb:
-100-0 1-30 51-70 71-100 @ pocr posepua u penyTauu

KPMTVNECKWA YPOBEHD /N TPESYET YRYMUEHWA CPEMHWA YPOREHD XOPOLIMIA YPOBEHS OTNMUHEIA YPOBEHS Oy P Gpaty
Beicoasi et [ rr—
I S HO-SCTE 1 304A POCTR
ROARHOCTS AR

BoicoKan RORTLHOETS 1

3aTpar Ha npi

auussoe
pexomeHpaTERLAOE nauueHTos

@ KOHKYPEHTHOE NPEIAMYLLECTEO KNHHVKIA

PucyHoK - 1 dopmyna pacyeTa NOKasaTena NOANbHOCTM NALMEHTOB
MMpumeyaHue: cocmassneHo asmopom Ha ocHose Net Promoter System® (NPS) Fred Reichheld,
uccnedosaHull Heskett J., Sasser W., Schlesinger L., Fornell C., Anderson E., Keiningham T. no

N10A16HOCMU KniueHmos, customer experience, relationship marketing u nosedeH4yeckol
3KOHOMUKe 8 chepe healthcare services

NHTepnpeTauma nokasateneit NPS

Ons  meamupmHckon opraHudauum NPS mmeeT BakHOe CTpaTernyeckoe 3HauveHue,
MOCKOJIbKY BbICOKMI YPOBEHb /0S/IbHOCTU CHUMAET CTOMMOCTb MPUBAEYEHMA MALMEHTOB,
MoBbILLIAET MNOBTOPHYIO 06pallaemMOoCTb, YKPenaaeT penyTaumio U YMeHbLLAeT YyBCTBUTEIbHOCTb
NaumMeHToB K OTAENbHbIM CEPBUCHbIM cboam. OAHAKO B HAay4yHOM iUTepaType NoadYepKmMBaeTcs,
yTo NPS He f01KeH MCNOob30BaTbCA N30AMPoBaHHO. Mccneposanme Krol et al. nokasano, 4to NPS
MOeT OblTb MNONE3HbIM WHAMKATOPOM MAUMEHTCKOro OMnblTa, HO €ero CBA3b C APYyrMMuM
M3MEPEHUAMMW OnbiTa NauuveHTa cnabee, yem y rnobanbHOM oOUEHKM M obuiero 6Hanna
yOO0BNETBOPEHHOCTH; cneaoBatenbHO, NPS chneayet AONOAHATL APYTMMW MHCTPYMEHTaMM.

B koHTekcTte Clinic Miras NPS uenecoobpasHo WCMNO/Ab30BaTb KaK CTpaTerMyeckui
MHAMKATOP A0BEpMsA, HO He Kak eAMHCTBEHHbIM MOKasaTesnb MalMeHTCKoro onbita. C yyeTom
BbICOKOW COLMANbHON 3HAYMMOCTM MEAMLMHCKUX YCAYr NAUMEHT MOXKET ObiTb yA0BNETBOPEH
KAMHUYECKMM pe3ynbTaTOM, HO HeA0BOIEH AOCTYMHOCTbIO, OMMAAHWEM, KOMMYHUKALIMEN UK
MapLipyTU3aumen.

MonyyYeHHble 3HaYeHNA MHTEPNPETUPOBANCL COrNacHO pa3paboTaHHoM wKane (Tabamua
2).
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Tabnnua 2 — LWkana nHtepnpetaymm NPS KanHukn

‘ 3HayeHune NPSH NHTepnpeTauma ” YnpaBneHyeckoe AencTame ‘
noaJeprkaHve cepBmca, Pa3BuTMeE NPOrpamm

>70 BbICOKAA JI0OANBHOCTb AACP P /P porp
yOepKaHua

‘50—70 HyCToVMMBaﬂ NOANBHOCTb HaHanma TOYEeK ynyyweHmna ‘

‘30—49 H30Ha BHMMaHMA Hay;wlT NaUMeHTCKOro mapLupyTa ‘
AHTUKPU3MCHAA NpPorpamma NauMeHTCKoro

0-29 PUCK CHUMKEHUA A0BepMA P porp 4
onbITa
CcpoyHan paboTa c Ka4yecTBOM, *Kanobamu n

<0 Kpu3suc gosepua o
KOMMYHWKaLmen

lMpumeyaHue: cocmasneHo asmopom Ha ocHose Net Promoter Score Benchmarking System,
uccnedosaruli Bain & Company, Satmetrix Systems, Temkin B., Dixon M., Rawson A., Lemon K.,
Verhoef P. no uHmepnpemauyuu KaueHmckol noa16Hocmu, patient experience analytics,
cepsucHol ycmoliyusocmu u oueHKe kayecmea s3aumoodeticmesus 8 healthcare sector

AHanus yaoBieTBopeHHOCTM naymeHToB (CSl)

CSI, mnn Customer Satisfaction Index, asnaetca 6onee AeTaNM3MPOBAHHbIM MOKa3aTeNEM
YAOBNETBOPEHHOCTU MaLMEHTA KOHKPETHbIMM acneKkTaMn B3aMMOAENCTBUA C MeaAMLMHCKON
opraHu3aumenn. Ecnm NPS oTBevaeT Ha BONPOC «rOTOB /I NaLUMEHT PEKOMEHA0BATb KAMHUKY», TO
CS| noKa3blBaeT, YeM MMEHHO MaLUMeHT A0BOEH AN HEAOBOIEH

[Ona oueHKW ynoBNEeTBOPEHHOCTM MauMeHTOB mcnonb3oBanca Customer Satisfaction Index. B
nccnenoBaHMM YYUTBIBAUCL Caeaytollme napameTpbl (Tabanua 3):

KayecTBO MeAMUMHCKON MOMOLLM;

KOMMYHMKaLMA BPaya;

AOCTYMHOCTb 3anucu;

BPEMA OXNAaHWUA;

cepBuc.
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Tabnnua 3 — MHankaTopsl CSI KNMHKUKK

‘ Bbnok CSI H ConeprkaHne OLEeHKH
‘,ﬂ,OCTyI'IHOCTb HBO3N\O)+(HOCTb 3anmncaTbCs, BpeMA OXnaaHua, yaobcTeo rpadpuka
‘HOMN\VHMKaLI,VIH Hl‘lOHﬂTHOCTb 0bbACHEHMI Bpaya, YBarKeHMe, BHUMaHMe

‘Opl'aHl/BaLl,l/lﬂ npvema

Hpa60Ta pernctpaTypsl, call-ueHTpa, HaBuraums

‘HJ‘IVIHVNGCKVIVI MapLpyT

‘LLVI(prBOVI cepBuc

HDamumed, SMS/push-yBesomneHuns, oHNalH-3anUCb

‘KOMd)OpT

‘|‘4MCTOT8, HaBurauunA, ycaosmna oxxXmnMaaHuMA

‘EEBOI'IaCHOCTb

Hﬂ,osepme K IeYeHMIo, OTCYTCTBME OLWMNDHOK, MHHOPMUPOBAHHOCTb

‘O6LLI,aFI OLLeHKa

HI‘IOHHTHOCTb AanbHENWNX AeNCTBUIA, HanpaBAeHUs, aHan3bl ‘

Ho6u_|,aﬂ Y0BNIETBOPEHHOCTb BU3UTOM

MpumeyaHue: cocmasneHo asmopom Ha ocHoge Customer Satisfaction Index (CSI) methodology,
American Customer Satisfaction Index (ACSl), European Customer Satisfaction Index (ECSI),
uccnedosarHuli Oliver R., Parasuraman A., Zeithaml V., Brady M., Bitner J., Choi K. no
yoossnemesopeHHoCmu nayueHmos, perceived service quality, healthcare experience
measurement u cepsucHol aghpekmusHocMu MeOUYUHCKUX OpeaHu3ayuli

®opmyna pacyeta CSl:

CSl = 3 (OueHka nokasaTens x Bec nokasatens) / MakcMmanbHO BO3MOMKHaA OLLEHKa X

100%

Hanpumep, ecnv nauMeHT OLEeHWMBaeT AOCTYMHOCTb, KOMMYHMKALMIO, HaBUraLmio, YWUCTOTY,
KayecTBO 0bbAcHeHMn U paboty call-ueHTpa no wkane 1-5, TO wuTOrosbii CSI mMoXKeT
PaCCYMTLIBATLCA KaK CpeHeB3BEelleHHbIN MHAEKC

NHTepnpeTtaumna CSI

Mpeanaraemas WKana MHTepnpeTaumm (tabanua 4):
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Tabnnua 4 — MNokasatenun nHtepnpetaunm CSI

Csl WHTepnpeTauusn YnpasneH4ecKkoe AencTBUue
>90% OYeHb BbICOKaA YAOBAETBOPEHHOCTb noaaepraHue CTaHaapTa
80—-89% ||BbICOKaA ya0BAETBOPEHHOCTb TOYeYHble yAyYLleHUA
70-79% |ly40BNETBOPUTENBHO, HO €CTb PUCKM aHanm3 cnabbix 30H
60-69% ||30Ha Hey0B/IETBOPEHHOCTH KOPPEKTUPYIOLLME MEPONPUATUA

o AHTUKPU3MCHBIM NNaH cepBuca u
<60% KPWM3UC NALMEHTCKOrO OMNbITa

KayecTsa

lpumeyaHue: cocmasneHo asmopom Ha ocHose Healthcare Consumer Assessment Models
(HCAHPS), SERVPERF methodology, uccnedosaruli Anderson R., Zeithaml! V., Bitner J., Rust R.,
Parasuraman A., Johnston R. no uHmepnpemauuu yo0os8nemeopeHHoCMu NAayUueHmos,
CepsuUCHO20 Ka4yecmaa, aMOUUOHAIbHO20 8OCNPUAMUA MedUUUHCKOU noMowu u
ycmodvyusocmu patient experience systems

AHanus xanob naumeHToB

B xoae nccnenoBaHmMs Kanobbl NaumeHTos bblan pasaeneHbl Ha CleaytoLiMe KaTeropum:
OpraHW3aLMOHHbIE;

CepBUCHbIE;

MeANLMHCKME;

KOMMYHMKaUMOHHbIE.

Mo AaHHbIM cTpaTernyeckoro otyeTa Clinic Miras, 3a 11 mecaues 2024 roga noctynuno 374
obpalleHna, M3 KoTopbix 258 ObianM OTpaboTaHbl HEMoOCPeACTBEHHO CAYKOOM noAAepsKKu
nauyeHTa M BHYTPEHHEro KOHTPOAA B YCTHOM MOPsAKe «34ecb M ceilvac»; 63 obpalleHus
noctynuan yepes Call-ueHtp Y3KO, 22 — yepes ®OMC, 21 — uepes E-eTiHiw Y3KO, 6 — vepes
CeHim, 2 — nucbmeHHo 8 CMMuBK, 1 — yepes E-eTiHiw AKKM® 1 1 — yepes canT Mpe3naeHTa.
Mpu 3ToM 69,3% 0bpalleHWIM 3aKPbIBAIUCL Ha YPOBHE KAMHWUKM, a obpalleHma coctasmam 0,7% ot
NPUKPENNEHHOTO HaceNeHuUs.

CTpyKTypa obpalleHnin B CTPaTeErM4YeckoOM OTYETE MOKas3blBAET, YTO OCHOBHbIMWU 30HAMM
aBnaoTca: «MHoe» — 102 obpalleHua, BONPOChbl HanpasaeHUA K y3KMM cneupanmctam — 75,
BOMPOCHI 3aMNCK Ha MPUEM CEMENHOTO Bpaya, BKAOYas AMTENbHOE OXKMAAHNE M OTKA3 B NpUeme
— 34, HecBOeBpPeMeHHOe NekapcTBeHHOe obecnedyeHne — 33, HekadecTBeHHOe obcnenoBaHme
— 29, BONPOChl MHBANMAHOCTM — 22, obcayKMBaHMe Ha gomy — 17, rocnutanmsaums — 16,
HeKayecTBeHHoe nevyeHne — 14, HenpeaocTaBaeHne pasbAacHeHnin — 13 (Tabavua 5).

221




Proceedings of the 13th International Scientific Conference

Tabnuua 5 - YnpaBneHyeckas MHTepnpeTauus CTPYKTYpbl }Kanob

KaTeropwmsa xanob ”BOSMO)KHaFI NnpUYMHa ”ynpaBnquecme peleHne
HanpaBaeHWe K  y3KuM|laedmumT CNOTOB, cnabas|triage, aNeKTpoHHaA oyepenp,
cneumanmcTam MapLpyTM3aums KOHTPO/Ib HanpaBaAeHWM

3anncb K cemenHomy|neperpy3ka BOI[l, orpaHu4yeHHOCTb|NepepacnpeseneHme nNoToKOoB,

Bpayy pacnucaHma pacluMpeHme 3anmncu
NeKapcTBeHHoe NOTUCTUYECKMEe/N0roBOPHbIE KOHTPO/Ib OCTaTKoB, paboTta C
obecneyeHune npobaembl ncno
HeKa4yecTBeHHOe nedekT MarHOCTUKM nnu|layamt NPOTOKON0B n
obcnenosaHune KOMMYHMKaUMm MHPOPMMPOBAHMA
HeJoCTaToYyHas [AOCTYMHOCTb  A/14||MaplpyTm3aums BbI30BOB
obcnyKnBaHne Ha omy A AoCTY a PHIpY 4 ’
YA3BUMbIX Fpynn npMopMUTM3auUms
KAMHNYECKNI nnu||BpayebHas 3KCnepTm3a,
HeKa4yecTBeHHOe fleyeHne .
KOMMYHUKaUNOHHbIN PUCK pas3bop cnyyas
HenpeaocTaBneHMe obyyeHne  Bpayen  patient
. cnabaa KoMmyHUKaUMa .
Pa3bACHEHWM communication

lpumeyaHue: cocmassneHo aBmMopoM Ha ocHose KoHuenuyuu Healthcare Complaint
Management, pekomeHoayuli Joint Commission International (JCI), Agency for Healthcare
Research and Quality (AHRQ), uccnedosaHuli Vincent C., Leape L., Hickson G., Gallagher T,
Reader T., Wu A. no aHanu3y »canob nayueHmos, patient safety culture, ynpasnaeHuro
MeOUYUHCKUMU OWUBKaMu U penymayuoHHbIMU puckamu 8 healthcare organizations

AHanN13 NOBTOPHbIX 06paLLEHWI

MoBTOpHble o0bpalleHMa PacCcMaTpPMBalOTCA Kak oAuH M3 Hambonee 0OBEKTUBHbIX
MHAMKATOPOB A0OBEPUA NALMEHTOB.

[ona NOBTOPHbIX MaUMEHTOB ABNAETCA OAHMM M3 Hambonee CUAbHbLIX MOKasaTenen
nosepua. Ecam NPS oTpaxkaeT AeKknapupyemyto roTOBHOCTb PEKOMEHAO0BATb KAMHMKY, a CSI —
Y/10BNETBOPEHHOCTb KOHKPETHbIM B3aMMOAEWNCTBMEM, TO MOBTOPHOE ObpalleHMe nokasbiBaeT
peanbHOe noBeAeHWe nauueHTa. [lauMeHT BO3BpallaeTcA TyAa, r4e OH BWAMT LEHHOCTb,
6e30nacHOCTb, NOHATHOCTb MApLLPYTa, AOCTYNHOCTb U AOBEPUE K Bpayy.

[lona NOBTOPHbIX NALUMEHTOB PacCcYMTbIBAETCA NO popmyne:

[lona NOBTOPHbIX NaUMEHTOB = KOAMYECTBO NaLMeHToB, 06paTusLLMxca nosTopHo / Obulee
KoanvecTBo naumeHToB x 100%

LOonoNHUTENBHO peKoMeHaYeTCA aHaIM3MPOoBaTh:

o NOBTOpPHble NauMeHTbl no BOTT;

o NOBTOpPHble NaumeHTbl no KAO;

. NOBTOPHbIE NAUMEHTbI MO AMArHOCTUKE;

. NOBTOPHbIE MNALUMEHTbI NO peabunnTaumm;

. NOBTOPHbIE NALUMEHTbI MO NAATHbLIM YC/Yram;

. NOBTOPHbIE MAUMEHTbI NOCAE Kanobbl;

. NOBTOPHbIE MAUMEHTbI NOCAE ANCNAHCEPHOTO HabatoAeHWS;
. OTTOK NPUKPENIEHHOIO HaceeHuA.
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[na Clinic Miras noka3saTenb BO3BpaTa MMeeT 0CObYy 3HAYMMOCTb, MOCKO/IbKY KAMHUWKA
paboTaeT C NPUKPENnIeHHbIM HaceNeHNEM N XPOHMYECKMMM NaumeHTaMn. B rogoBom oTyeTe 3a
2024 rop yka3aHo, 4To obllee KOAMYeCTBO NocelleHnin coctaBuno 284 016, a YMCNO NoceLleHN M
Ha 1 »kuTens — 7,55; aTo oTpakaeT yCTOMUYMBYIO MHTEHCUMBHOCTb B3aMMOAENCTBMA HAaceNeHNs C
KAMHWKOM. [JONONHNTENBHO B OTYETE YKa3aHO Ha/lMYMe 3HAUYUTENbHOTO KOHTUHIEHTA NAUMEHTOB,
COCTOAWMX Ha AMCNAHCEPHOM y4yeTe, YTo TpebyeT AAMTENbHOro MOBTOPHOro HabaoaeHUs ©
NpeemcTBEHHOCTY.

C QHTMKPM3UCHOM TOYKM 3PEHMA MOBTOPHbLIA MaALMEHT ABNAETCA HE TOJIbKO MCTOYHUKOM
CTabMAbHOrO  MAUMEHTOMOTOKA, HO W WMHAMKATOPOM  3DDEKTUBHOCTU  KAMHUYECKOM
MaplipyTnsaumm. Ecam naumeHT He BO3BpalLl@aeTcs Mnocae MNepBUYHOrO BM3UTA, BO3MOMKHbI
HECKO/IbKO MPUYMH.

. npobnema Hbina pelieHa NoAHOCTbIO;

. NaumeHT He NOoYYMA NOHATHOrO MN/aHa;

. NaumeHT He AoBepPAET Bpayy;

. NauMeHT ywen B APyryto OpraHn3aumio;

. NaumeHT He CMOT 3anMcaTbcA NOBTOPHO;

. NaumeHT He NOAYYMUA HaNOMUHAHKE;

. MapLpPYT OKa3anca CAOKHbIM UM HeYA0OHbIM.

[osToMy A0NA MOBTOPHbIX NALUMEHTOB A0KHA MHTEPNPETUPOBATLCA HE MEXAHMYECKH, a C
YYETOM KAMHMYECKOro KOHTeKCTa. [n1a npodunnakTMyeckmMx OCMOTPOB BbICOKas A05 NOBTOPOB
MOXeT OblTb He o06A3aTenbHOM, a [Ana  XPoHW4Yeckux 3aboneBaHui, bHepeMeHHOCTH,
peabunutaumm, BCK, caxapHoro anabeta, XCH n TybepKkynesa noBTopHoe HaboaeHue sBaseTca
HEeobXoAMMbIM.

Mpeanaraemas ynpaBneH4yeckan nHTepnpetauma (Tabaunua 6):

Tabnnuya 6 — MHAMKATOPbLI 40NN NOBTOPHbBIX MaLMeHTOB KAMHUKK

‘,D,O}'IFI MOBTOPHbIX MALMEHTOB HMHTepnpeTau,Mﬂ H Bo3morkHoe peicTene

BbICOKaA NMpn XPOHNYECKNX

3aboneBaHumax

XopouwaAa npeemMCTBeEHHOCTb

HW3KaA NPU XPOHUYECKMX
3aboneBaHuAx

PUCK NoTepun HabatogeHUn

aKTUBHbIM 003BOH, push-
yBEeAOMIEHNA

BbICOKan Npu Kanobax

BO3MOKHO HepelleHHasn
npobaema

ayauT NOBTOPHbIX 0bpaLleHui

HN3KaA Nocne nepBnYHbLIX
BM3NTOB

PUCK OTTOKa

aHan3 yaoBAETBOPEHHOCTU U
MapLLpyTa

CHM>XeHne B ANHaMUnKe

naZeHue 1oBepus nam

JOCTYNHOCTU

penyTauyoHHbIN U1

onepaumoHHbIM ayamT

noAJep:KaHune case-management

lpumedyaHue: ocmasneHo a8MopPOM HaA OCHo8e KoHUenuuu Patient Retention Management,
modeneli Continuity of Care u Relationship Marketing in Healthcare, uccanedosanuti Berry L.,
Morgan R., Hunt S., Reichheld F., Rust R., Zeitham! V. no ydepxaHuto nayueHmaos, N08MOopPHbIM
obpaweHuam, patient lifetime value u popmuposaHuo 00120CPOYHO20 008EPUA K
MeOUUUHCKOU op2aHu3ayuu

MpoBeaeHHbI aHann3 nokasan, 4To patient trust okasbiBaeT CyLLIECTBEHHOE BAUAHME Ha
YCTOMYMBOCTb YAaCTHOM MeAMNLMHCKON OpraHm3aLmm.
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YCTaHOBNEHO, YTO BbICOKMI YPOBEHb A0BEPUA NaLMEHTOB CNOCOHCTBYET:

. YBENNYEHMIO 40U NOBTOPHbIX 0bpalLeHni;

. NOBbIWEHMIO NPUBEPKEHHOCTN NALMEHTOB MEANLMHCKOM OpraHn3aumum;
. CHUMKEHMIO YYBCTBUTENIbHOCTM K LLIEHOBLIM M3MEHEHUAM;

. NOBbILLEHNIO 3PPEKTUBHOCTM MAPKETUHIOBbIX KOMMYHUKALN;

. bOpPMMPOBAHNIO NONOKUTENBHOM LMPPOBON penyTaumm.

B xo4e mccnenoBaHuA BbisiBAEHO, YTO nokasaTenn NPS u CS| TecHo cBA3aHbl ¢ 06bemMom
NOBTOPHbIX BU3NTOB U AMHAMUKOWN NaLMEHTONOTOKA. [MauMeHTbl, OLeHMBatoLWMe MEeANLMHCKYHO
OpraHM3auumio  Kak HadexHylo U 6e30nacHyto, 3HaAYUTENbHO uYalle pPEeKOMEHAYIT ee
POACTBEHHMKAM M 3HAKOMbIM, YTO CMNOCOHCTBYET OpraHMYeckomMy pocTy obpallaemocTu.

OAHOBPEMEHHO YCTAaHOBJ/IEHO, YTO CHUWMKEHWE VYPOBHA [J0OBEPMA COMPOBOXKAAETCA
yBEMYEHMEM YUCAA KaNob, CHUNKEHMEeM YyAO0BNETBOPEHHOCTU MNAUMEHTOB M yXyAlIEHUEM
penyTauMoOHHbIX NoKasaTesien. B ycnoBMAX KPUBUCHBIX CUTyaLUmMiM AaHHble NPoLUecchbl CNocobHbI
YCUANBATb OPraHM3aUMOHHYKD HecTabuibHOCTb M MNPUBOAUTL K CHUMMKEHUIO (GUHAHCOBOM
YCTOMUYMBOCTM MEAMLIMHCKOM OpraHmn3aLmm.

Ha OCHOBaHMM MNpoBeAEHHOro aHanAM3a npeasioXeHa MoAenb OueHKW patient trust,
BKAtOYatoLLaA NATb B3aMMOCBA3aHHbIX KOMMOHEHTOB:

e YAOB/AETBOPEHHOCTb MALUMEHTOB;
e /I0ANBHOCTb NALMEHTOB;

e UMdpOBasa penyTaums;

e MOBTOpPHble 0bpaLleHNs;

e CTPYKTYypa *anob.

MHTerpauma AaHHbIX NMOKasaTenen B CUCTEMY aHTUKPU3WCHOrO ynpaB/ieHMA MO3BOAAET
CBOEBPEMEHHO BbIABAATL NPU3HAKM CHUXKEHMA 0BEPUA U NPUHMMATb YNpaBAeHYeCKne pelleHmns,
HanpaB/JieHHble Ha NOBbILEHWE YCTONYMBOCTY MEANLMHCKOM OpraHn3aumu.

MonyyeHHble pe3ynbTaTbl COrnacytoTca ¢ uccnegosanuamm Ozawa u Gilson, cornacHo
KOTOpbIM [J0BepWe MnaLuMeHTOB OKa3blBaeT HENOCpPeACTBEHHOE BAMAHWME Ha YCTOMYMBOCTb
MeANLIMHCKMX OpraHm3aumnii n sdpdekTMBHOCTb GYHKLMOHMPOBAHMA CUCTEMbI 34PaBOOXPAHEHMA.
B oT/AnumMe OT CyWECTBYOLWIMX WCCNeAOoBaHWI, B HacToauwleh paboTe nokasatenn noBepus
NAUMEHTOB WMHTErPMPOBaHbI B CMUCTEMY AHTMKPU3MCHOIO YMNpaBAeHWA YaCTHOM MeaAMUMHCKOM
opraHusaumen.

Pe3ynbTaTbl TakKe NOATBEPKAAtOT AaHHble Hall u coaBT., yCTaHOBMBLWIMX CBA3b MeXAy
[OBEPMEM MAUMEHTOB W MPUBEPXKEHHOCTbIO MeAMUMHCKOM OpraHu3aummn. BmecTe ¢ Tem
npoBeAeHHOEe WCCNeA0BaHME AEeMOHCTPUPYeT AONOAHUTEeNbHOe BAMAHMeE patient trust Ha
OPraHM3aUMOHHY YCTOMYMBOCTb, YTO PACWIMPAET CYLLECTBYKOLWIME Hay4Hble NPeACTaBNeHUA O
ponn aosepus naumeHToB B healthcare management.
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MNpakTnyeckas mogens Patient Trust Dashboard (pucyHok 2)

PATIENT TRUST DASHBOARD

B cucteme MIRAS-RESILIENCE 7D

$ T 3 T !

NPS csl )KANOEbI TI9BIGEE PEMTUHT
NMALUMEHTDI
WHpeke MHupekc AHanu3 cTpyKTypbl Lindposoi pernTruHr
NOANBHOCTH YAOBNETBOPEHHOCTH W AUHAMWUKK ,El.ong P REELE W penyTauus
nauuveHToB nauueHToB *anob nayuneHToB g2paltiedii KNMHUKIA
\ > S L J X o K e

{ J

@ WHTEMPAJIbHbIA UHOEKC

NOBEPUA NALUEHTOB

PAHHEE BbISIBJIEHUE
KPU3UCHbIX NMPU3HAKOB

MOBbILUEHUE YCTOMYUBOCTH
I MEQULINHCKOW OPTAHU3ALIUM

PucyHok - 2 KoHTyp Patient Trust Dashboard B cucteme MIRAS-RESILIENCE 7D
[MpumeyaHue: cocmassneHo asmopoM Ha OCHoBe KoHuenuuu Patient Trust & Quality
Management, modeneti HCAHPS (Hospital Consumer Assessment of Healthcare Providers and
Systems), Picker Patient Experience Framework, uccnedosaHuli Donabedian A., Berwick D., Safran
D., Doyle C., Coulter A., Mead N. no kayecmesy meduyuHckol nomouwiu, patient-centered care,
0oseputo NayueHmMos U oueHKe onsbima 83aumooelicmaus ¢ MeduUuuHCKoU opaaHusayuel
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BbiBOAbI

1. Patient trust aBnfeTcs BaKHbIM  (GAKTOPOM YCTOMYMBOCTM YACTHOM MeAMLMHCKOM
opraHuMsaumm.

2. Patient trust sBnseTca camoCTOATENbHbIM CTPATEMMYECKMM PECYPCOM MEeANLMHCKOM
opraHusauum.

3. Mokasatenn NPS, CSIl, noBTOpHbIX 0bpalleHnit, *anob n umdpoBoM penyTaumm moryTt
MCMNO/Ib30BATbCS KaK MHAMKATOPbLI PAaHHEro npeaynpexaeHns Kpusmncos.

4. TpeanoxeHHaa cMcTema MOHUTOPUHIA NO3BONAET COOPMMPOBATL MHTEMPAIbHbIN MHAEKC
[0Bepus NaLMeHToB.

5. BkntoyeHwue patient trust dashboard B cuctemy aHTUKPU3UCHOTO yNpaBieHua
cnocobcTByET NOBbIWEHNIO OPraHM3aUMOHHON YCTOMYMBOCTN YaCTHON MeAMNLMHCKOM
opraHusaumu.

6. Pa3paboTaHHbIN NOAXOA MOXET OblTb MCNONb30BaH B MEAMLMHCKMX OpraHmM3aumax
Pecnybaunkm KasaxctaH npu GpopmMmMpPOBaHUN CUCTEM BHYTPEHHEro KOHTPO/A KayecTsa u
PUCK-MEHEeKMEHTA.
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Annotation: this scientific and analytical work presents modern clinical and diagnostic data
concerning the most common malignant intraocular tumor in children — retinoblastoma. The
issues of etiopathogenesis, genetic and molecular features of this pathology, assessment of the
role of biomarkers in diagnostics and prognosis of the disease are covered in detail. Promising
directions for the development of new and improved diagnostic and therapeutic approaches,
genetic causes of this pathology, possibilities of whole genome sequencing for studying the
mutation landscape, currently used classification systems of retinoblastoma, available possibilities
of clinical screening are described. The publication shows that studies of the molecular basis of
the disease also led to deciphering subsequent events and, thus, to the discovery of biomarkers
and associated targeted therapies. In addition, improvements in molecular biology methods
contributed to the development of effective methods of early diagnostics, genetic counseling and
disease prevention. The issues of visual acuity assessment and improving the quality of life of
patients are also comprehensively considered.

Key words: oncology, ophthalmology, retinoblastoma, incidence, etiopathogenesis,
classification systems, screening, visual acuity, biomarkers, RB1 gene, DNA, genome sequencing,
diagnostics, treatment, quality of life, prognosis.

Retinoblastoma (RB) is a malignant tumor of the retina in young children.

The diagnostic criteria are as follows. Complaints and anamnesis: complaints of glow in the
affected eye when exposed to light, often noticed by parents when photographing a child with a
flash (white pupillary reflex, leukocoria, "cat's eye symptom"), convergent or divergent strabismus,
deterioration of vision; redness, hemorrhages, change in eye color, pain (not a typical symptom).
It is necessary to clarify the duration of complaints, hereditary anamnesis.

Physical examination: general examination of the patient - pay attention to changes in the
eye (glow when exposed to light, symmetry of the orbits, is there exophthalmos, is the eye
inflamed, color of the pupil), assessment of the condition of internal organs and systems, palpation
of peripheral lymph nodes - to exclude metastases. Mandatory referral to an ophthalmologist for
a complete ophthalmological examination.

Laboratory tests: complete blood count - presence of anemia, moderate leukocytosis and
accelerated erythrocyte sedimentation rate (for the presence/absence of inflammatory changes);
biochemical blood test: liver function tests, levels of nitrogenous waste products, electrolytes,
total protein and glucose - for radiological diagnostics using a contrast agent. Instrumental tests:
ophthalmoscopy with pupil dilation under general anesthesia - is the most objective method for
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assessing the condition of the eye - tumor size, location, prevalence, retinal detachment, condition
of the optic nerve head; retinal camera - documentation of the tumor process; Ultrasound
Examination of the orbits - the presence of an intraocular formation with calcifications is a
pathognomic sign, the presence of retinal detachment, signs of growth into the orbit; Ultrasound
Dopplerography of the orbits - presence of an intraocular formation with calcifications,
determination of the tumor's own blood flow, detection of the "cut off branch" symptom,
presence of retinal detachment, signs of growth into the orbit; X-ray of the chest organs, if
necessary in two projections if pneumonia is suspected; magnetic resonance imaging (MRI) of the
brain and orbits with contrast enhancement under anesthesia to determine the size of the
formation, location, involvement of the optic nerve, presence of intracranial foci. In the absence
of MRI, computed tomography (CT) of the brain and orbits may be performed, but this
examination does not provide an objective assessment of the condition of the optic nerve and
brain; according to indications, CT/MRI of other parts of the body in advanced cases with a long
history [1].

RB is an intraocular tumor with hereditary and sporadic forms. 8,000 new cases of this
ocular malignancy of the developing retina are diagnosed each year worldwide. The major gene
responsible for retinoblastoma is RB transcriptional co-repressor 1 (RB1), and it harbors a large
spectrum of pathogenic variants. Tumorigenesis begins with mutations that cause RB1 biallelic
inactivation preventing the production of functional RB protein (pRB) [2].

PRB is a multifunctional protein involved in a variety of processes regulating cell
proliferation at multiple levels including apoptosis, histone methylation and chromatin
remodelling. Loss of function of pRB in the retina is thought to lead to dysregulation of these
events, resulting in uncontrolled cell proliferation and chromosomal instability. The RB is the most
common primary intraocular cancer of childhood, causing significant long-term sequelae. Loss-of-
function mutations in RB1 are causally implicated in RB development. RB1 was the first tumour
suppressor gene to be isolated, in contrast to activating oncogenes, which were characterised
earlier. In humans, RB1 is located on chromosome 13q14.2, spans approximately 180 Kb and
contains 27 exons encoding a 928 amino acid nucleophosphoprotein, known as pRB [3].

Depending on the type of mutation the penetrance of RB is different. However, in small
percent of tumors additional genes may be required, such as MYCN, BCOR and CREBBP.
Additionally, epigenetic changes contribute to the progression of RB as well. Besides its role in the
cell cycle, pRB plays many additional roles, it regulates the nucleosome structure, participates in
apoptosis, DNA replication, cellular senescence, differentiation, DNA repair and angiogenesis.
Notably, pRB has an important role as a modulator of chromatin remodeling. In recent years high-
throughput techniques are becoming essential for credible biomarker identification and patient
management improvement. In spite of remarkable advances in RB therapy, primarily in high-
income countries, our understanding of RB and its specific genetics still needs further clarification
in order to predict the course of this disease and improve therapy. One such approach is the tumor
free DNA that can be obtained from the anterior segment of the eye and be useful in diagnostics
and prognostics. The field of ophthalmology genetics and genomics is expanding fast and the
accumulated knowledge aims to develop novel and improved diagnostic and therapeutic
approaches. The specific molecular mechanisms behind eye diseases, including RB, are being
recognized every day, because it is important to understand their genetic causes and biological
behavior in order to improve clinical outcome. Genetic implications for more than 97% of all RB
cases is the RB1 gene inactivation. Although RB has been genetically characterized a long time ago,
its molecular blueprint is still incomplete and needs deeper investigation. Several classification
systems are currently in use, for example, the International Intraocular Retinoblastoma
Classification (IIRC), International Classification of Retinoblastoma (ICRB) and cTNMH (American
Joint Committee on Cancer (AJCC)) and for extraocular disease, the International Retinoblastoma
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Staging System (IRSS) and cTNMH staging [2].

Davies H.R. et al. [3] in their study emphasize that the majority of RB1 mutations can be
detected by clinical screening. However, RB cases exist where mutations in RB1 have not been
detected. Our colleagues used whole-genome sequencing to investigate the landscape of
mutations in a cohort of sporadic RBs, including cases where mutations in both copies of RB1 had
not been previously identified. The researchers looked for mutations in cancer driver genes and
revealed a wide variety of structural rearrangements disrupting RB1. In addition, they investigated
mutation burden and specific mutation patterns (mutational signatures), uncovering a treatment-
related mutational signature in a tumour exposed to chemotherapy. The power of whole-genome
sequencing to identify RB1 mutations of all mutation types can have significant relevance to the
clinical management of RB patients and genetic counselling of their families. The development of
RB is thought to require pathological genetic changes in both alleles of the RB1 gene. However,
cases exist where RB1 mutations are undetectable, suggesting alternative pathways to
malignancy. The authors used whole-genome sequencing (WGS) and transcriptomics to
investigate the landscape of sporadic RBs derived from twenty patients, sought RB1 and other
driver mutations and investigated mutational signatures. At least one RB1 mutation was identified
in all RBs, including new mutations in addition to those previously identified by clinical screening.
Ten tumours carried structural rearrangements involving RB1 ranging from relatively simple to
extremely complex rearrangement patterns, including a chromothripsis-like pattern in one
tumour. Bilateral tumours obtained from one patient harboured conserved germline but divergent
somatic RB1 mutations, indicating independent evolution. Mutational signature analysis showed
predominance of signatures associated with cell division, an absence of ultraviolet-related DNA
damage and a profound platinum-related mutational signature in a chemotherapy-exposed
tumour. Most RB1 mutations are identifiable by clinical screening. However, the increased
resolution and ability to detect otherwise elusive rearrangements by WGS have important
repercussions on clinical management and advice on recurrence risks.

The foundational work that explained the RB inheritance but also the concept of tumor
suppressor genes was originally published by Knudson in his seminal paper from 1971 Knudson’s
two hit model proposed that one RB1 allele is lost or mutated in all cells and a second somatic
mutagenic event affects the remaining allele in a primitive retinal cell, thus initiating tumorigenesis
[4].

With an average incidence of 1 in every 18,000 live births, RB is a rare type of intraocular
tumour found to affect patients during their early childhood. It is curable if diagnosed at earlier
stages but can become life-threateningly malignant if not treated timely. With no racial or gender
predisposition, or even environmental factors known to have been involved in the incidence of
the disease, RB is often considered a clinical success story in pediatric oncology. The survival rate
in highly developed countries is higher than 95% and they have achieved this because of the
advancement in the development of diagnostics and treatment techniques. This includes
developing the already existing techniques like chemotherapy and embarking on new strategies
like enucleation, thermotherapy, cryotherapy, etc. Early diagnosis, studies on the
etiopathogenesis and genetics of the disease are the need of the hour for improving the survival
rates. According to the Knudson hypothesis, also known as the two hit hypothesis, two hits on the
susceptibility RB gene is often considered as the initiating event in the development of the disease.
Studies on the molecular basis of the disease have also led to deciphering the downstream events
and thus in the discovery of biomarkers and related targeted therapies. Furthermore,
improvements in molecular biology technigues enhanced the development of efficient methods
for early diagnosis, genetic counseling, and prevention of the disease [5].

As noted by Byroju V.V. et al. [5] with an ability to convert electromagnetic/ light energy to
electrical energy, the retina acts as a transduction screen that enables the visualisation of any
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object in front of it by transmitting this electrical energy as nerve impulse to the cortical
functioning centres. It layers the innermost part of the eye and hosts various types of cells like
rods and cones which are integral for its proper functioning. Various diseases like retinal tear,
retinal detachment, diabetic retinopathy, macular degeneration, retinitis pigmentosa etc. have
been associated with retina and its impaired functioning. One such disease is RB, the most
common malignant intraocular tumour in children. RB is theorized to arise from the cones of the
retina, which have certain properties that leave them rather susceptible to tumorigenesis.
Globally, 1 in every 16,000 to 20,000 live births is known to be afflicted by RB. Most of the cases
are diagnosed before the age of 5 and it accounts for 3% of all childhood cancers. Previous studies
indicated that there were significant differences in the incidence of RB based on gender, ethnicity,
and infections due to poor sanitation. The newer studies, however, deny significance of such
differences and consider RB to have similar incidence throughout the world. Despite being rare,
RB gained interest within the scientific community since RB1 gene is the first tumour suppressor
gene to be discovered. In its hereditary form, RB is associated with de novo mutations resulting in
tumours at other foci in the body which are termed ‘second primary tumours’ and is attributed to
the role played by phosphorylated pRB. Subjects with hereditary RBs are at a higher risk of
developing other second primary tumours such as osteosarcomas, melanomas etc.. Every form of
RB, familial and sporadic has the RB gene mutated to some extent resulting in the downstream
processing of aberrant transcripts. RB1 gene is located on the largest acrocentric chromosome, 13
and consists of 27 exons. Following transcription, pRB is formed and gets involved in the regulation
of cell cycle at the G1-S checkpoint. Phosphorylation essentially acts to ‘switch off’ RB tumour
suppressor protein which results in deregulation of downstream molecular events that eventually
results in RB.

RB has been assigned various stages depending upon the progression of the disease and
its potential for metastasis. The system was named IRSS where, the stage 0 often shows good
prognosis with treatment while stage IV shows poor outcome. During stage IV, the cancer is
considered to be extraocular and can lead to bulging out of the eye. When it comes to
differentiating it into various types, the disease can appear as unilateral, bilateral or trilateral. The
chance of a patient developing a trilateral RB is 6% higher in case of bilateral RB as compared to
unilateral and can be fatal in 50% of the cases. Another classification of RB could be based on
direction of progression of the disease; i.e. exophytic if the tumour originates in the retina and
spreads in the direction of the brain behind or endophytic if the tissue spreads in an anatomic
anterior direction [5].

In addition, a very important and even decisive aspect in the early diagnosis of RB is
screening. Screening of RB involves various tests for detecting the symptoms of RB. Leukocoria
(sometimes referred to as the ‘cat’s eye reflex’) can be detected by the presence of a white
reflection in photographs or the red reflex test. A simpler approach would be to use mobile phones
for the same purpose where, such an application exists in the form of an app called “White eye
Detector” developed by Bryan Shaw. Performing cover test detects the presence of strabismus
while all other signs can be identified by a systematic visual examination. Screening by an
ophthalmologist is a necessity in children with a positive family history of RB. Offspring and siblings
of affected patients require regular screening examinations in childhood unless genetic testing is
done to rule out a gene mutation in which case the risk is similar to that of the general population.
Genetic counselling for families with RB can help determine the risk to future offspring and
whether other family members are at risk of developing the disease [5,6].

An ophthalmoscope view shows the optic disk, the physiological cup, the retinal vessels,
the macula and the fovea centralis so the tumour is quite easily identified. Non-invasive two
dimensional and three-dimensional real-time ultrasound techniques have eased detection
significantly. Once the polymerase chain reaction (PCR) was invented, it became easy to identify
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the batch deletion of exons in chromosome no. 13 of the children whose parents carry the RB1
gene mutation. Quantitative multiplexing is an advanced form of the technique where several
primers are used at the same time together to identify batch deletions. Use of X Ray and CT has
found its place in detection of RB relying on properties such as calcification in the latter technique.
Gadolinium contrast enhancement followed by MRI scanning is informative for tumor detection.
Fat saturation is also very useful when fat has been suppressed at one time and expressed at
another time in anticipation of tumor nature. T1-weighted imaging with magnetization is used for
best results.

Fluorescein angiography is a technique that requires injection of a small bolus of
fluorescent material into the blood stream which finally reaches the ophthalmic artery. A
specialized camera takes pictures of the eye once it reaches there through the catheter using the
fluorescence of the arteries of the eye as a light source. Unsuccessful attempts at detecting RB
using positron emission tomography (PET) were made using Flourine-18-fluorodeoxyglucose
(FDG) throughout many years. The conclusion that FDG-PET is not currently widely established
and does not provide any significant advantage over MRI/CT except in metastasis rendered MR
as the gold standard. Early detection using an ultrasonogram in-utero to study the face and eyes
can help in detection of the cancer, resulting in earlier detection and potential cure [7,8].

Vempuluru V.S., Kaliki S. [6] a PubMed search was performed to identify articles published
with specific reference to screening of neonates, infants and children for RB. It has been
established that various devices and mobile phone-based applications based on altered red reflex
are finding their way into community screening. Diagnosis of RB by newborn eye screening is
emphasized in several countries, and red reflex is the most widely employed technique. At the
same time several screening programs for early detection of RB are evolving in the developing
countries, but the practices are not uniform. Universal newborn screening should be the norm.
Newer tools and software can be utilized to screen infants on a community scale. Focussed
research on revolutionizing digital imaging for a versatile screening tool holds promise for early
diagnosis of RB.

RB is a cancer that can be cured if diagnosed at an appropriate time. The involvement of
structures beyond the retina and the vitreous humour should be taken into consideration as they
have the potential to progress into metastasis rapidly. The treatment of RB is often complex and
involves decisions to be made based on a number of factors including but not limited to the size
of the tumour in various axes, age of the patient, risk of secondary metastasis, previous attempts
made at chemotherapy, toxicity of the chemotherapeutic agent in the subject and laterality of the
tumour. Treatment of RB includes the following aspects [6,9]:

1. Enucleation. Complete removal of the eye that is affected by the tumour, or surgical
excision is termed as enucleation. It is the least conservative possible management and hence
reserved for cases that cannot be helped otherwise. Enucleation should be avoided in cases where
salvage is possible with other treatment modalities in an effort to preserve vision and improve
conservation. For the first 2 years after surgery, all patients undergoing enucleation must be
carefully monitored for the risk of orbital relapse. Hydroxyapatite implants coated with specialized
polymers and have attachment sites for the extraocular muscles are being implemented. Overall,
enucleation was widely used and continues to be used in cases where other treatment modalities
are unhelpful.

2. Intra-arterial chemotherapy (IAC). Intra-arterial chemotherapy is safe and effective
enough to avoid enucleation. Modern microcatheter techniques are used to deliver
chemotherapeutic agents, and success is achieved with acceptable toxicity. Drug choices for this
route of administration typically include mephalan, topotecan hydrochloride, carboplatin, and
methotrexate. This method is used as a primary or secondary therapeutic intervention. Although
intra-arterial chemotherapy is an effective treatment option, its limitations require the
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introduction of more sophisticated techniques. The efficacy of IAC is reduced in cases of extensive
collateral meningeal vascular presence due to dilution of the agent in these vessels. Collateral
blood supply to the retina other than the ophthalmic artery is variable and affects dose delivery.
Catheterization of appropriate arteries requires skill, and technical difficulties may arise that may
reduce the delivery of intra-arterial chemotherapy.

3. Intravitreal chemotherapy (IVitC). Focused drug delivery to a vitreal seed hotspot is
considered precision intra-vitreal chemotherapy and is an emerging technique. Often used as an
adjunct therapy to IAC, in IVitC, drugs are delivered directly into the vitreous cavity in advanced
stages of RB where vitreous seeding occurs. A combination of chemodrugs such as melphalan and
topotecan are the preferred mode of treatment when tumour seeds recur in the vitreous and is
found to be more effective than the respective individual treatments. While the presence of
vitreous seeds is an indication for IVitC, contraindications include diffuse dispersion of the tumour
seeds, invasion of the anterior chamber of the eye, hemorrhage into the vitreous humour, and
secondary glaucoma. With the advent of nanoparticle delivery, IVitC has promising prospects in
the management of RB.

4. Thermotherapy. This mode of treatment is often engaged for tumours of minor
dimensions, not exclusively for the eye. The usual dimension as indicated for thermotherapy alone
is of a diameter of maximum 4 mm. Diode system delivers infra-red rays either through the pupil
or the sclera to destroy tumour tissue by applying focused heat to induce necrosis. Ideal
temperature of thermotherapy ranges from 45-60 C. It is often used in conjunction with other
treatment modalities such as chemotherapy. Complications are seen in some cases which include
but are not limited to atrophy of the iris, obstruction of the retinal vein and detachment of the
retina. Attempts were made to avoid thermotherapy as a single modality in cases where seeding
of the vitreous humour is observed.

5. Cryotherapy. Much like thermotherapy, cryotherapy is an adjuvant and used in
conjunction with other treatments. A RB tumour up to 3.5 mm in diameter and 2 mm in thickness
could be treated with cryotherapy. This therapy is contraindicated in cases with vitreous seeding
and any tumour that has dimensions larger than the norm. The modality involves the application
of triple freeze thaw technique using liquid nitrogen.

6. External beam radiation (EBR). EBR is in the line of management of treatment for RB
after enucleation as an attempt to salvage the remaining eye. A high energy photon beam or
electrons are delivered at an angle where the tumour has maximum exposure. Complications
include cataracts, conjunctivitis, dry eyes and intractable glaucoma. Considering side effects such
as new mutations, dry eyes, keratopathy, retinopathy and optic neuropathy, EBR therapy is better
restricted to extra ocular tumour extension or if better alternatives are available, this could be
completely avoided. Tumours can sometimes arise secondarily due to radiation exposure,
however, development of new modalities of beam radiation reduce such instances.

The authors emphasize that tumour regression should be followed up closely and the
appearance, size, location, and number of tumours documented during each examination have to
be assessed. When a tumour regresses after treatment, it can either appear as a white coloured
calcific mass or as translucent piece of flesh. In most of the cases, patients undergo examination
under anaesthesia every 4 to 8 weeks until the age of 3, followed by less frequent examinations if
the disease is found to be latent.

Ancona-Lezama D. et al. [9] in their publication emphasize that RB, the most common
ocular malignancy in childhood, is lethal if left untreated. RB management remains complex,
requiring individualized treatment based on ICRB staging, germline mutation status, family
psychosocial factors and cultural beliefs, and available institutional resources. Management of RB
remains in constant evolution and treatment can vary among different centers worldwide.
However, the same primary goals of protecting life and preventing metastatic disease, followed
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by globe preservation, and finally optimization of vision are commonly shared among RB
specialists. The currently used therapies maintain excellent survival rates when disease is
identified in the localized intraocular stage, while newer therapies have been focusing on
additional improvement in globe preservation and providing the best possible visual acuity
outcome. The refinement of these curative strategies has led to unprecedented cure rates and
globe salvage in centers where a complete armamentarium of treatment options is available.

As noted in their study by Zhang R. et al. [10], RB is the most common intraocular
malignancy in childhood. With the advanced management strategy, the globe salvage and overall
survival have significantly improved, which proposes subsequent challenges regarding long-term
surveillance and offspring screening. This cohort study included RB patients who visited Beijing
Tongren Hospital from March 2018 to January 2022 for deep learning algorism development.
Clinical-suspected and treated RB patients from February 2022 to June 2022 were prospectively
collected for prospective validation. Images from the posterior pole and peripheral retina were
collected, and reference standards were made according to the consensus of the multidisciplinary
management team. A deep learning algorithm was trained to identify “normal fundus”, “stable
retinoblastoma” in which specific treatment is not required, and “active retinoblastoma” in which
specific treatment is required. The performance of each classifier included sensitivity, specificity,
accuracy, and cost-utility. A total of 36,623 images were included for developing the Deep
Learning Assistant for Retinoblastoma Monitoring (DLA-RB) algorithm. In internal fivefold cross-
validation, DLA-RB achieved an area under curve (AUC) of 0.998 (95% confidence interval [Cl]
0.986-1.000) in distinguishing normal fundus and active RB, and 0.940 (95% Cl 0.851-0.996) in
distinguishing stable and active RB. From February 2022 to June 2022, 139 eyes of 103 patients
were prospectively collected. In identifying active RB tumours from all clinical-suspected patients
and active RB from all treated RB patients, the AUC of DLA-RB reached 0.991 (95% Cl 0.970-1.000),
and 0.962 (95% Cl 0.915-1.000), respectively. The combination between ophthalmologists and
DLA-RB significantly improved the accuracy of competent ophthalmologists and residents
regarding both binary tasks. Cost-utility analysis revealed DLA-RB-based diagnosis mode is cost-
effective in both RB diagnosis and active RB identification. In conclusion, the authors point out
that DLA-RB achieved high accuracy and sensitivity in identifying active RB from the normal and
stable RB fundus. It can be used to surveil the activity of RB during follow-up and screen high-risk
offspring. Compared with referral procedures to ophthalmologic centres, DLA-RB-based screening
and surveillance is cost-effective and can be incorporated within telemedicine programs.

A very important issue is the question of preserving vision in this pathology.

Sinenko I.L. et al. [11] in their work they say that it is currently treated with a limited
number of drugs, adapted from other pediatric cancer treatments. Drug toxicity and relapse of
the disease warrant new therapeutic strategies for these young patients. In this study, researchers
developed a robust tumoroid-based platform to test chemotherapeutic agents in combination
with focal therapy (thermotherapy) — a treatment option widely used in clinical practice — in
accordance with clinically relevant trial protocols. The model consists of matrix-embedded
tumoroids that retain RB features and respond to repeated chemotherapeutic drug exposure
similarly to advanced clinical cases. Moreover, the screening platform includes a diode laser
(810nm, 0.3W) to selectively heat the tumoroids, combined with an on-line system to monitor
the intratumoral and surrounding temperatures. This allows the reproduction of the clinical
settings of thermotherapy and combined chemothermotherapy treatments. When testing the two
main drugs currently used in clinics to treat RB in our model, authors observed results similar to
those clinically obtained, validating the utility of the model. This screening platform is the first
system to accurately reproduce clinically relevant treatment methods and should lead to the
identification of more efficient drugs to treat RB.

Schaiquevich P. et al. [12] in their work they say that the management of RB, the most
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common intraocular malignancy in children, has changed drastically over the last decade.
Landmark developments in local drug delivery, namely, safer techniques for intravitreal
chemotherapy injection and ophthalmic artery chemosurgery, have resulted in eye globe salvages
that were not previously attainable using systemic chemotherapy or external beam irradiation.
Novel drugs, oncolytic viruses, and immunotherapy are promising approaches in the treatment of
intraocular RB. Importantly, emerging studies of the pattern of tumor dissemination and local drug
delivery may provide the first steps toward new treatments for metastatic disease. Our colleagues
reviewed recent advances in RB treatment, especially with regard to local drug delivery, that have
enabled successful conservative management of intraocular RB, as well as emerging data from
preclinical and clinical studies on innovative approaches that promise to lead to further
improvement in outcomes, namely, the mechanisms and potential uses of new and repurposed
drugs and non-chemotherapy treatments, and future directions for therapeutic development.
The authors emphasize that RB has been selected as a priority tumor by the World Health
Organization for its Global Initiative for Childhood Cancer. Despite being highly curable at early
stages, it may be fatal if left untreated. Eye-globe salvage treatments have substantially evolved
over the last few decades, making intraocular RB the most curable of all pediatric cancers in high-
income countries. The development of local drug delivery methods that maximize chemotherapy
exposure in the retinal, subretinal, and vitreous spaces, namely ophthalmic artery chemosurgery
(OAC) and a safety-enhanced technique for intravitreous (IVi) injection, have resulted in an
unprecedented rate of eye globe and vision preservation. Importantly, these new local treatments
result in very high concentrations of chemotherapy in the retina and optic nerve as shown in
preclinical models, preventing dissemination to the central nervous system (CNS). So far, after
more than a decade of continuous use at major clinical centers around the world and after more
than 200 articles published in the field, IVi and OAC have been proven safe without increasing the
risk of metastatic dissemination. By eliminating the use of external beam radiotherapy and
systemic chemotherapy, these treatments have improved long-term survival by reducing the
incidence of treatment-associated severe toxicities, the risk of secondary malignancies, and
related deaths. In contrast to this exceptional improvement in treatment outcomes, children with
disseminated RB have few therapeutic options, generally limited to high-dose chemotherapy,
stem cell transplant, and local radiotherapy. Even worse is the scenario for patients with
metastasis in the CNS, as these patients seldom survive even with intensive therapies. Thus, newer
treatments and improved methods of targeting drug delivery to the CNS may improve outcomes.
Examples of CNS-targeted routes include intrathecal (IT) and intraventricular (IVt) injection, which
ensure direct delivery of chemotherapy to the cerebrospinal fluid, circumventing the blood-brain
barrier. OAC may also be useful in patients with orbital RB with massive optic nerve and chiasmatic
tumor involvement because of maximal local exposure to chemotherapy as shown in animal
models. Future clinical assessments are necessary to determine the role of local chemotherapy
delivery in disseminated RB. In all cases of intraocular and extraocular disease, there is a need for
new therapies that are more effective and carry less risk of toxicity. New treatment modalities,
namely, targeted therapies, immunotherapy, and oncolytic viruses are emerging as possible non-
chemotherapeutic options. These novel treatments may further reduce the use of cytotoxic
agents, potentially leading to even higher ocular preservation rates, reduced toxicities, and
prevention of tumor dissemination. Identifying high-risk features associated with tumor
progression and metastasis by histopathological analysis of the enucleated eye is critical for
selecting appropriate management. These approaches may soon be supplemented by circulating
tumor DNA (ctDNA) analysis, which may be an early and noninvasive prognostic biomarker of
treatment response and risk of occult extraocular dissemination. In addition, ctDNA may be helpful
in noninvasive genomic profiling, especially to identify patients with the subtype 2 molecular
sighature who have an increased risk of extraocular relapse. In conclusion, the researchers
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emphasize that treatments that have evolved over the last century have led to striking changes in
the treatment paradigm for this ocular tumor. Advances in the knowledge of its tumor biology and
drug response and the development of new routes of drug delivery promise to lead to additional
new, more effective, and less toxic therapies in RB [12].

Warda O. et al. [13] in their work they say that the assessment of vision has a growing
importance in the management of RB in the era of globe-conserving therapy, both prior to and
after treatment. As survival rates approach 98-99% and globe salvage rates reach ever-higher
levels, it is important to provide families with information regarding the visual outcomes of
different treatments. As part of a holistic approach, it is essential for clinicians to understand the
impact of various treatment modalities on vision, as severe visual impairment, particularly in
bilateral cases, can negatively impact the child’s development and overall well-being. Although
family counselling often appropriately centres on saving the child’s life, it is important not to let
the consideration of visual outcome fall by the wayside, as this is an additional piece of information
that families find useful to help guide their decisions. As the authors note visual assessment in
infants can be difficult. While Snellen visual acuity is used by many studies in the ophthalmic
literature, this method of quantification requires children who are old enough (often over 5 years)
to co-operate. Given that RB primarily affects infants and young toddlers, methods of vision
assessment need to be tailored to this age group.

Age-appropriate visual acuity (VA) assessment can be performed using standard orthoptic
techniques including Cardiff Cards, Keeler Cards, Kays picture tests and Single Sheridan Gardner
Tests. When possible VA should be assessed monocularly. An encouraging and animated approach
is used to maximise the engagement and co-operation of the child during VA assessment. As
children with RB grow older, the choice of VA assessment tool should similarly evolve to ensure
the most refined quantification possible. At presentation, children with RB are often seen on an
urgent basis at the RB unit, which in many cases requires them to travel a significant distance. In
our service, the visual assessment is performed by the orthoptist on presentation as well as at
every ophthalmological evaluation during treatment; unless systemic chemotherapy, in which
case visual assessment is performed after the final cycle. When RB is in remission, a visual
assessment is performed at each follow-up appointment, this takes place before the examination
under anaesthesia to avoid the child and family travelling great distances twice. The assessment
can prove difficult particularly for starved children before their anaesthetics, so it may be
necessary to settle for binocular VA in this instance. If the quantitative assessment is not possible,
gualitative methods are used i.e. fixing and following a light and different-sized target to assess
for a fixation preference. During the active treatment phase, the timing of visits depends largely
on the treatment modalities employed. In the later years when there is no longer ongoing active
RB treatment, the frequency of visits may in some cases be driven by the need to monitor for or
manage amblyopia. In addition to the subjective methods of assessing VA mentioned above,
electrodiagnostic studies may occasionally be helpful. Electroretinograms (ERGs), visual evoked
potentials (VEPs) and fundus fluorescein angiography (FFA) have been found to be particularly
useful in assessing for retinal toxicity and visual loss following the use of intra-arterial
chemotherapy in eyes with tumour-free foveolae. Whilst ERGs are recognised not to correlate
with vision, VEPs have a role in infants where the foveola is not involved. In fact, VEP Spatial
Frequency is better than behavioural methods up to the age of 3 and is a useful adjunct to
behavioural methods in this age group when assessing novel treatments and their impact on vision
[13].

In addition to appropriate timely VA assessment, screening at-risk children plays an
important role in optimising visual outcomes as early diagnosis correlates with smaller tumours.
Consensus-based guidelines for screening are stratified by risk category, with high-risk children
being screened at 2 weeks of age and repeated every 2-4 weeks initially and then at progressively
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long intervals until 5-7 years of age. While low-risk screeners are examined primarily within 4
weeks and follow-ups are dependent on genetic testing and are often awake examinations. In their
conclusions and recommendations, the authors emphasize that with the increased rates of globe
salvage, visual outcomes have become an integral part of planning the management for children
with RB. In some situations, enucleation is still the most appropriate treatment, but with globe-
conserving therapy, there is a need for information for patients and physicians alike to make
informed decisions. Specialised orthoptic assessments to check visual acuity for children with RB
has a very important role in the management of those cases. Thus, the prediction of the visual
potential for both eyes needs to be tailored for each patient and be part of the parents’ discussion
and counselling. Tumour location and grading at presentation are the most important predictors
of long-term visual prognosis. Age-appropriate visual assessments in infants and children with RB
are important in safety profile data for new treatments. Families can be effectively counselled
using the visual outcomes from treatment and where, appropriate visual rehabilitation and
support can be provided; in particular liaison with nurseries/schools and local visual impairment
teams [13].

As Gurney S.P. et al. [14] note in their work the goals of RB treatment are primarily to
preserve life by curing the disease and preventing extraocular spread and distant metastases.
Advances in treatment modalities over the past decades have improved survival rates and the
goals have advanced further towards preserving eyes and improving visual outcomes. A cautious
approach is therefore required to avoid changing a child’s condition from that of an intraocular
disease, when management is largely focused on avoiding incidence, to extraocular disease, when
mortality is a significant concern. The authors point out that just over a decade ago, entering an
eye with viable tumour was considered an absolute contraindication in most centres around the
world. However, intraocular procedures on eyes with active disease are now performed routinely
and safely, with an acceptably small risk of complications. Intravitreal administration of
chemotherapy is now a well-established treatment modality for vitreous disease. More invasive
intraocular surgery, such as pars plana vitrectomy and endoresection have been reported by a
small number of authors for atypical circumstances, including refractory disease in a child with
only one eye or when a family refuses enucleation. The place of such treatment in current practice
is not established and the subject of much debate. Several surgical innovations have made
intraocular procedures safer and minimised the risk of extraocular spread and metastasis. These
include clear corneal incisions where possible, the use of chemotherapeutic agents in irrigation
fluid during surgery and delivered to entry sites (often in combination with cryotherapy) at the
end of the procedure and the prophylactic use of intravitreal chemotherapy before and after
surgery. It is likely that, with the further development of safer surgical techniques, the indications
for intraocular surgery in active RB will continue to broaden. Likewise, the risk-benefit analysis for
intraocular surgery for inactive disease may change and result in earlier interventions to improve
visual outcomes or to manage the ocular sequelae of the disease or iatrogenic complications of
the treatments used in the active stage of RB.

Interesting data on the contribution to scientific research on RB were obtained through a
bibliometric analysis by Gu X. et al. [15]. In their study, they attempted to analyze the research
trends in the field of RB and compare the contribution of different countries, institutions, journals
and authors. They extracted all publications concerning RB from 2001 to 2021 from the Web of
Science database. Microsoft Excel and VOSviewer were employed to collect publication data,
analyse publication trends, and visualize relevant results. A total of 1,675 publications with 30,148
citations were identified. The United States contributed the most publications (643) and citations
(16,931 times) with the highest H-index value (67) as of February 4, 2021. China ranked second in
the number of publications (259), while ranking fourth in both citations (2,632 times) and the H-
index (26) ranked fourth. The British Journal of Ophthalmology was the most productive journal
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concerning RB, and Abramson DH had published the most papers in the field. Keywords were
categorized into three clusters; tumor-related research, clinical research, and management-
related research. The keywords “intravitreal,” “intraarterial,” and “intravenous” appeared the
most frequently, with the average appearing year being 2018.1, 2017.7, and 2017.1, respectively.
Management-related research has been recognized as a heavily researched topic in the field. The
study has demonstrated global trends in RB research. It has been established that the United
States has been at the cutting edge of the field based on its role as the lead contributor. Despite
the considerable number of publications in China, the quality of the publications requires further
improvement. Novel progress can be uncovered in the British Journal of Ophthalmology and
Ophthalmology. Abramson DH and Shields CL are regarded as excellent candidates for academic
collaboration in the field. Chemotherapy-related research has received the most attention
previously and currently; furthermore, it may still be considered in the near future as the latest
hotspot.

Regarding the quality of life of patients with this pathology. Padamandala K. et al. [16] in
their study note that with the increased survival of RB patients, it is important to evaluate the
quality of life (QoL) of RB survivors as well as caregivers to provide comprehensive care to the
children and caregivers. The aim of the study was to assess the QoL of survivors of RB, according
to parents' opinions and patient self-reports, using the Pediatric QoL Questionnaire (PEDs-Qol).
The study cohort included 86 RB survivors, 86 age-matched controls, and their primary carers.
PedsQL 4.0 generic core scale and structured interview were administered. QoL in physical, social,
emotional, and school health was evaluated and correlated with clinical and sociodemographic
parameters. The mean age of the RB survivors was 5.7 years with an M:F ratio of 1.1:1. Disease
was bilateral in 79% of cases. About 45% (39/86) underwent enucleation, while others received
combination therapy (16; 18%), chemotherapy (30; 34%), and radiation (1; 1%). As reported by
parents, the QoL of physical health domain of RB survivors was 70.2 SD + 27.8 and 96.15 + 13 SD,
emotional health was 72.1 + 27.4 SD and 94.4 + 12.5 SD, social health was 80.4 + 24.9 SD and 98.6
*+ 6.2 SD; and school health was 71.9 £+ 2 6.5 SD and 96.1 * 12.2 SD. As per the self-report
perception, the QoL of physical health was 68.2 + 27.8 SD and 96.2 + 13 SD, emotional health was
66.2 + 28.4 SD and 95.3 + 12.5 SD, social health was 69.5 + 24.9 SD and 98.7 + 6.2 SD, and school
health was 63.5 + 26.5 SD and 95.1 + 12.2 SD. There was a significant relationship between
enucleation and QoL domains, where x2 = 67.75, degrees of freedom (df) = 36, and P < 0.01. There
was a significant association between vision in the better eye (6/18 or better = 8, 6/18-6/60 = 8§,
3/60 or worse = 42) and QoL scores (x2 = 95.36, df = 62, P < 0.01). There was a substantial
association between socioeconomic status and QoL domains, where x2 = 88.5, df = 56, P < 0.01.
The results of the study showed that the QoL of parents of RB survivors and self-proxy reports
were negatively affected in many ways, including physical, social, emotional, and school-related
dimensions. Despite the small differences, self-proxy reports indicated a lower QoL than the
parents’ group. The study findings indicate that there are notable correlations between
enucleation and visual acuity less than 6/18, as well as socioeconomic status, with various aspects
of QoL domains among individuals who have survived RB.

Dhingra H. et al. [17] in their study mention that despite high cure rates, data on health-
related QoL (HRQolL) of RB survivors are limited. This study aimed to analyze parent's perspective
and self-report of HRQoL of RB survivors, using healthy siblings as controls. It also evaluated the
impact of socio-economic status (SES), gender, disease laterality, treatment modality, duration
since diagnosis, and visual outcomes, on HRQoL. Ninety-two RB survivors were enrolled in this
observational, cross-sectional questionnaire-based study conducted at a tertiary care center. QoL
was analyzed in four dimensions: physical, emotional, social, and school, using both self-report
(for children >6 years) and parent proxy report (for children 2-18 years) using Pediatric Quality of
Life Inventory™ (PedsQL™) 4.0 Generic Core Scale. Seventy-seven healthy siblings served as
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controls. The mean age of both cohorts was 5.7 years. Thirty-six (39%) patients had bilateral RB.
Of the 92 survivors, 43 (47%) had undergone enucleation. The HRQoL of RB survivors was
significantly lower compared to sibling controls (P < 0.01) in all four domains, the physical domain
being most affected followed by social domain. Parents reported an inferior QoL than patient's
self-report. Vision <6/18 in the best eye and enucleation had a negative impact on HRQoL whilst
gender, disease laterality, duration since diagnosis and SES had no impact. In conclusion, our
colleagues draw attention to the fact that QoL assessment is often neglected but an important
aspect of survivorship. The results of this study will help in formulating awareness of the domains
affected and allow timely advocacy of initiatives for addressing each issue individually. Remedial
measures aimed at optimizing QoL should be incorporated as part of their rehabilitation.

Reynolds M. et al. [18] in a retrospective cohort study examined the academic performance
of childhood RB survivors. Seventy-three patients with RB (median age at diagnosis 9.97 months
[range 0.29, 65.1]) were followed for a median of 6.4 years (0.2, 1.76). Forty-eight (65.8%) had
unilateral RB. Forty-three (63.0%) received systemic chemotherapy, 57 (78.1%) enucleation. At
last follow-up, 5 (6.8%) children had bilateral VA <20/70. Seventeen (23.3%) reported school
difficulties and 10 (13.7%) had an individualized education program (IEP). Multivariable analysis
revealed that a history of receiving chemotherapy was associated with self-reported school
difficulties [(odds ratio (OR) 5.44 [1.36, 21.69], p=0.016)], and possessing an IEP (OR 11.47 [1.34,
98.16], p=0.03). Degree of visual impairment and history of enucleation did not influence the risk
of self-reported school difficulties or the implementation of an IEP. Among unilateral RB patients,
chemotherapy was an independent risk factor for self-reported school difficulties (OR 12.8 [1.45,
113], p=0.009) and implementation of an I[EP (OR 15.2 [0.78, 292], p=0.02). As the authors state,
their study is significant because it is one of the first publications to look at the incidence of
developmental or school delay and evidence of disease/treatment incidence, including vision loss
and hearing loss, for childhood RB survivors. Further research to assess how chemotherapy
treatment impacts the cognitive development of these patients is needed. The association of
chemotherapy administration and school performance could potentially be explained by several
factors. Patients with chemotherapy typically have more extensive disease, thus necessitating the
need for multimodality therapy. Such patients may have had more extensive local therapies or
radiation, which may influence the long-term cognition of a patient. Chemotherapy was typically
administered on an inpatient basis. Frequent and prolonged hospitalizations involve greater
disruptions in family routines, frequent separations from siblings and peers, and time away from
school which could impact cognition and school performance. A study including a greater number
of patients, particularly patients with more significant vision loss, could provide more information
with respect to visual acuity and developmental incidence. In addition, studies looking at
developmental incidence in patients treated with intra-arterial chemotherapy, whose goal is to
limit systemic chemotherapy, would be beneficial. In conclusion, the authors point out the
significant fact that childhood RB survivors experience educational burdens from their disease and
its treatment. Efforts to assess and monitor RB survivors for evidence of cognitive impairment is
needed to identify factors associated with such incidence. Identification of such factors will assist
in instituting early interventions for affected patients to improve their long-term outcomes.

To summarize the above, we can conclude that RB is the most common pediatric ocular
malignancy. Despite the fact that the main attention is often paid to more common oncological
diseases, it is important not to forget about the need for a specialized approach to rare forms of
cancer. Peculiarities of symptoms, childhood age of patients predetermine a special approach to
diagnostics of this disease; aspects of oncological alertness sometimes play a decisive role not only
in early diagnostics, but also in the subsequent course of this pathology and its prognosis.
Variability and veiled symptoms, its similarity with various non-core processes, cause certain
difficulties and lead to neglect of the disease.
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In recent years, highly effective molecular genetic examination methods have become
necessary for reliable identification of the oncological process by using biomarkers and, as a result,
improving the results of patient treatment. At the same time, despite significant advances in the
treatment of RB, understanding the mechanisms of disease progression, features of spread is
necessary for further improvement of treatment methods and schemes. In terms of treatment
tactics, innovative approaches to the treatment of this rare pathology are currently being
developed, which at the same time is one of the most pressing problems at the intersection of
modern oncology, ophthalmology and pediatrics.

Patients with RB also need long-term monitoring, since such patients have an increased
risk of developing secondary malignant neoplasms during their life.

Screening by an ophthalmologist is a must for children with a positive family history of RB.
Offspring, brothers and sisters of affected patients require regular screening examinations in
childhood, unless genetic testing is performed to exclude a gene mutation, in which case the risk
is similar to that of the general population. Genetic counseling for families with RB can help
determine the risk for future offspring and whether other family members are at risk of developing
the disease.
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NEeYEHUA TMNEPTPOPUYECKMX N KENOUAHbIX
pyOLOB B M1ACTUYECKOWN XMPYPTrnm

Cepik dapbiH CanmeHynb

Pe3naeHT 1 roga no cneumanbHOCTM NAACTUYECKaa XMpyprua, kadeapa rocnmTasbHON
xmpyprum HAO «MYC» r.Cemen, KazaxctaH

Macanos Anaunap EpnaHoBuy

AccncuTeHT Kadeapbl rocnmutanbHom xmpyprum HAO « MYC» r.Cemelr, KasaxcTaH
TyknHoBa Acesib PuwwaTtoBHa

PhD. npenogasatens Kabeapbl 3NMAEMUONOTMM U BUOCTATUCTUKM

AHHOTauUuA

MMneptpoduyeckme n KesouaHble pybubl OCTAOTCA OAHOM M3 aKTyabHblX Npobaem
COBPEMEHHON MaCTUYECKOM, PEKOHCTPYKTUBHOM W 3CTETUYECKOW XMpyprun. HecmoTpsa Ha
Pa3BUTME MANOTPABMATUUYHbBIX XMPYPTMYECKUX TEXHOIOTMIM, COBEPLIEHCTBOBAHME LIOBHbIX
MaTepManos, BHeApPEeHNE Na3epHbIX, MHBEKUMOHHbBIX M KOMOWHMPOBAHHbLIX METOAOB JeYeHMS,
natonornyeckoe pybueBaHWe MNO-MPeKHEeMy BCTPEYAETCA Y 3HAYMTEbHOM YacTW MNaUMEHTOB
nocne onepauuii, TPaBM, OXKOroB, BOCMAAUTENbHbIX 3aD0NEBAHUIA KOXKM U KOCMETONOMMYECKMX
BMeLIATeNbCTB. KAMHMYECKas 3HAYMMOCTb [AaHHOM npobaembl onpeaensaeTca He TO/bKO
3CTETUYECKUM AeDEKTOM, HO U GYHKUMOHANbHBIMM HapyLWEHMAMM, 3yA0M, HObIO, OrpaHUYeHem
NOABWMMKHOCTM TKaHEW, MNCUXONOTMYECKMM AMCKOMOOPTOM WM CHUMMKEHWEM KayecTBa KM3HMU
NauMeHTOoB.

Llenbto HacTosLLero o63opa ABNAETCA aHaNM3 COBPEMEHHbIX MOAXO0A0B K NPOQUNAKTUKE U
NEeYeHUo TUNEePTPODUYECKMX W KenouaHbix pybLOB B NAACTUYECKOM xupyprun. B craTtbe
PAaCCMOTPEHbI MaTOreHeTUYeCKMe MeXaHW3Mbl NaTonorMyeckoro pybuesBaHua, GakTopbl PUCKa,
KNMHUYECKME PA3IMYMA MEXAY TMNepTPOPUYECKMMMN U KeNoUAHbIMM pybLammM, MeToAbl OLEHKM
PyOLLOBOM TKaHM, a TaKXKe OCHOBHbIE HanpaBaeHUA NPOOUNAKTUKN U neveHna. Ocoboe BHUMaHME
yAeNeHO CUANKOHOBOM Tepanum, KOMNPECCUOHHOMY BO3AENCTBUIO, MHBEKLIMOHHOMY BBEAEHMIO
FIOKOKOPTMKOCTEPOUA0B,  5-OTOpypaumna,  NasepHbIM  TEXHONOTUAM,  KpuoTepanuu,
XMPYPrUYeCKOMY MCCEYEHWMIO M KOMOMHMPOBAHHBIM cxemam. [loayepKkmBaeTca, 4To Hambonee
3GPeKTUBHOMN COBPEMEHHOM CTpaTerner ABNAETCA MHANBUAYANM3NPOBAHHbIN MybTUMOAANbHbIM
NOAXOA, OCHOBaHHbIA Ha Tune pybua, ero NoKanM3aumu, OAUTENBHOCTWU CyLLECTBOBAHMSA,
BbIPaXXEHHOCTM CUMNTOMOB, PUCKE peluamnBa n 0COBEHHOCTAX NauMeHTa.

Kntouesble cnosa: runeptpoduyeckuii pybel, KenomaHblin pybel, naacTuyeckan Xmpyprmsa,
npodunakTMka pybLOB, CUAMKOHOBAA TepanudA, TPUAMUMHONOH, 5-bTOopypaumn, nasepHasn
Tepanua, XMpypruyeckoe nedyeHne, naTonornyeckoe pybLesaHue.

BeseaeHue

dopmmnpoBaHMe pybua ABNAETCA €CTECTBEHHbIM 3aBEpLUAOWMM 3Tanom pPenapaTMBHOIoO
npouecca nociae MNOBPeXAeHMA KOXKM. B Hopme pybuoBas TKaHb MOCTENEHHO CO3PEBAET,
CTaHOBMUTCA Boslee mArkom, 61eaHOM, NAOCKOM M MeHee 3ameTHOM. OAQHaKOo y YacTu NauneHToB
NpoLecc 3axmBieHusa npuobpeTaeT NaTONOMMYECKUI XapaKTep, COMPOBOXAASACh M3DbITOYHOM
NPOAYKUMEN BHEKNETOYHOrO  MaTPMKCa, HapylleHMem pemoAenMpPOBaHMA  KoJnareHa,
OANTEeNbHbIM BOCNaneHnem n GopMnMpoBaHnemM rmnepTpodmUUYecKkmx Mam KenomaHbix pybuos [1,
2].
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[na nnactuyeckon xmpyprim npobnema natonornmyeckoro pybueBaHMa mmeeT ocoboe
3HaYyeHue. B oTanume oT MHOTUX APYTrnX XMPYPruyeckmx cneumanbHoCTeln, rae OCHOBHOM 3aaa4ei
ABNAETCSA BOCCTAaHOBMEHME QYHKLMM OpraHa UanM yCTPaHEeHUE KU3HEeYrpoXKatoLero CoCToAHMS, B
NNaCTUYECKOM N PEKOHCTPYKTUBHOM XMPYPrUM pe3ynbTaT SedYeHUa OLLeHMBAeTCA He TO/bKO Mo
GaKTy 3a)KMBMEHMA PaHbl, HO M MO 3CTETUYECKOMY BMAY MOCAeonepaLmoHHoro pybua. [daxe
TEXHUYECKM MPaBUAbHO BbIMNOJHEHHAA OnepauMa MOMKET BOCMPUHMMATLCA MNaLMEeHTOM Kak
Hey[0BNeTBOPUTENbHAA MPU GOPMUPOBAHUN TPYDOro, TMNEPTPOPUUECKOro UAM KenouaHoro
pybua. OcobeHHO 3TO aKTyanbHO NPUY onepaLmax Ha OTKPbITbIX Y4acTKax Tena, mue, Wee, yLHbIX
PAaKoOBMHAX, Trpyan, nepeaHen OpPIOWHON CTEHKe, a TaKXe Moc/ie PeKOHCTPYKTUBHbIX
BMeLLATeNbCTB Y NaLUMEHTOB MO/1I040r0 Bo3pacTa [3].

MMneptpoduyeckme u KenouaHble pybdUbl OTHOCATCA K ¢GubponponndepatMBHbIM
3a00/1eBaHNAM KOXKK. OHU UMetoT pag, obLMX YepT: BO3BbIWIAKTCA Had, NOBEPXHOCTbIO KOXM,
OT/IMYAIOTCA MOTHOCTBIO, MOTYT COMPOBOMAATbCA 3YA0M, DONE3HEHHOCTbIO, MOKPACHEHUEM,
YyBCTBOM CTATMBAHMA U KOCMETUYECKUM AedeKToM. BmecTte ¢ TeM MeXay HUMMK CYLLecTBYHOT
BaXKHble KNMHUYECKNE pas3nnuuns. fmneptpoduyecknin pybel, Kak npaBmao, OCTaeTcs B npeaenax
MCXOAHOM paHbl, MOXET MOCTEeNeHHO PEerpeccMpoBaTh M Nydlle OTBeYaeT Ha KOHCEepBaTUBHYHO
Tepanuto. KenonaHblit pybeL, BbIXOAWUT 3@ rpaHMupbl NepBOHAYaIbHOrO NOBPEXKAEHWA, CKIOHEH K
DNUTENbHOMY POCTY, PEZIKO PerpeccupyeT CaMoCTOATENIbHO M MMeeT Oonee BbICOKUM PUCK
peumanBa nocne neyenma [4].

CoBpeMeHHbIM Noaxoa K BeAeHW0 NaLuMeHTOB C NaTONOrMYecKMMIN pybLamm OCHOBAH Ha
NOHUMAHWM TOTrO, YTO YHMBEPCAIbHOTO MEeTOAa leYeHMs He cyllecTByeT. IGDEKTUBHOCTb Tepanmm
3aBUCUT OT NIOKann3aumm pybua, Bo3pacta naumeHTa, HacneacTBEHHOW NPeapacnoNOKeHHOCTH,
dOTOTMNA KOXM, BbIPAMKEHHOCTM MEXaHMYECKOro HaTAXeHWs, JaBHOCTM pybua, Hanmuma
BOCMANEHMsA, CONYTCTBYHOLLMX 3a00N1€BaHNI 1 NpeablAyLLMX NONbITOK NeYeHns [5]. B cBA3M ¢ aTum
B nocneaHve roapl Bce 6Gonbliee 3HavyeHMe npuobpeTaeT MNEepCOHaANN3NMPOBAHHLIA U
KOMOWMHWPOBAHHBLIM  Noaxoa,  obbeAuHAOWMIA  NPOobUNAKTUYECKME,  KOHCEepBaTUBHbIE,
annapaTHble, MHbEKLIMOHHbIE K XMPYypPruyeckne metoapl [6].

Matepuan n metogpl o63opa

Hactoauwana pabota npeactasnser cobot  0630p  AMTepaTypbl, MNOCBALLEHHbIN
COBPEMEHHbIM MeToZam NMPOPUNAKTUKM U NedeHUa rTMnepTpodUUEcKnx U KenonaHbix pyouos B
nnacTMyeckom xmpypriun. Mpu NoAroToBKe CTaTbl ObiAM MPOAHANM3MPOBAHBI MEXKAYHAPOAHbIE
KAMHUYECKME peKoMeHaaumn, cuctemaTuyeckne o630pbl, MeTaaHannsbl, 0630pHble CTaTby U
nybaMKauMM, NOCBALLEHHble MNaToreHesy, JAMarHOCTUKE, MNPOOUNAKTUKE U JIeYeHUIo
natonormyeckoro pybuesaHua. Ocoboe BHUMaHME yAeNANOCb WCTOYHWMKAM, B KOTOPbIX
PAacCMaTPMBaIMCL  MPaAKTUYECKMe  anropuMTMbl  BEAEHMS  MaLMEeHTOB,  BO3MOXHOCTM
KOMOWHWPOBAHHOM  Tepanuu,  pe3yabTaTbl  MNPUMEHEHUS  CUAMKOHOBBLIX  MOKPbITUN,
KOMMPECCMOHHOM  Tepanuu,  MHBEKLUMOHHbIX  MpenapaToB,  /1la3epoB,  KpuoTepanuu,
XMPYPrMYecKoro 1e4eHna n aabloBaHTHbIX METOA0B NPOPUAAKTUKM PELMAMBOB.

PeaynbTathl

HopmanbHoe 3aXKMBeHMe paHbl BKAOYAET HECKO/IbKO NOCNeA0BaTeNbHbIX Ga3: remocTas,
BOCMasneHune, nponandepaumnio U pemoaennposaHme. B nepsolt dase NpomcxoamT OCTaHOBKA
KpoBoTedyeHua U GopMMpoBaHMe PUOPUHOBOrO CrycTka. 3aTem pa3BMBaETCA BOCMa/IMTe/bHas
peakuus, obecneuynsatoLLlas OYMLLEHNe paHbl OT MUKPOOOB, HEKPOTUYECKMX TKaHe! 1 NPOAYKTOB
pacnaza. Ha atane nponndepaumm akTnsmpyroTcs dnbpobaacTbl, NPOUCXOAMNT CUHTES KONNATeHa,
aHrnoreHes w anutennsauma. B dase pemosennpoBaHus KonnareH Il TMna nocteneHHo
3ameHsaeTcs 6onee 3penbiM KonnareHom | Tuna, pybuoBaa TKaHb ynopsaoyYmMBaeTcs, a n3bbIToK
BHEK/IETOYHOrO MaTpMKCca noagepraeTca aAerpaaaumm [7].

Mpu naTonormyeckom pybLeBaHMKM 3TOT Npolecc HapylwaeTca. Hanbonee BaxKHyt posb
UrpaoT ANUTeIbHOE BOCNaeHNe, NoBbILLEeHHaA akTUBHOCTL prubpobnactos M mmodmnbpobaacTos,
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M3ObITOYHbIM CUHTE3 Ko/NareHa, AMcOanaHc mMexay MaTPUKCHbIMU MEeTaNNonpoTeMHa3amMmm 1 nx
MHTMOUTOPAMK, a TaKMKe HapylleHuMe anonTto3a KAeTok pybuoBor TkaHu [8]. B pesynbrate
dopmmpyeTcs NAOTHbIM GUOBPO3HBINM MacCKB, KOTOPbLIM BO3BbILWLAETCA Ha, NOBEPXHOCTLIO KOXMN U
MOXET COXPaHATb NPU3HAKM aKTUBHOCTM B TeYEHME ANTENbHOTO BPEMEHM.

OAHMM M3 K/OYEBBLIX MeANaTopoB GUOPO3HOro OTBETa ABAAETCA TPAHCHOPMUPYIOLLINIA
dakTop pocta B, ocobeHHo TGF-B1l. OH ctumynmpyeT nponndepaunio dmnbpobnacrtos, ux
TpaHchopmaunio B MModmbpobaacTbl, CUHTE3 KO/lNareHa 1 ApYrnx KOMNOHEHTOB BHEK/IETOYHOIO
mMmaTpuKca. Momnmo TGF-B, B naToreHese y4yacTBYOT MHTEPAENKUHbBI, daKTOp pocTa TPOMOOLMTOB,
COCYAMCTbIN 3HAO0TENMANbHBIN GAKTOP POCTa, MEXAHOCUTHA/bHbIE MYTW, TMNOKCKA N HapyLeHWs
MMMYHHOro oTBeTa [8, 9].

Bonblioe 3HayeHMe WMMEET MEXaHWYECKOe HaTAMKEHWe TKaHeWl. M3BecTHo, u4To
natonormnyeckme pybubl Yalle GOPMUPYIOTCA B 30HAX NMOBbLILIEHHOTO HATAXEHUA KOXN: nepeaHan
MOBEPXHOCTb MPYAHON KNETKM, NIeYEeBOM NOAC, BEPXHASR YaCTb CMMHbI, HUXKHAS YentocTb, 061acTb
rpyavHbl M HagsnobkoBas 30HA. MexaHM4YecKas Harpyska noaAepKMBaeT  XPOHWYEecKoe
BOCMajseHne B Aepme, akTuBMpyeT Gubpobnactbl M cnocobCTBYeT M3O6bITOYHOMY OT/IOMKEHMUIO
KonnareHa [5]. MMeHHO nMoaTomy coBpemMeHHble NPOodUNAKTUYECKME MOAXOAbl B MAACTUYECKOWN
XMpYprum yaenatoT 60nbloe BHMMaHWEe NPaBUAbHOMY MAAHWPOBAHWMIO pPa3pe3os, NMOC/NOMHOMY
3aKPbITUIO PaHbl, CHMXXEHMIO HATAXEHWA KpaeB, WCMO/Ib30BAHWMIO MNOALEPMKMBAIOLLMX LUBOB,
TEMNUPOBAHMA U CUAUKOHOBBIX MOKPLITUN.

FeHeTUYeCKan NpeapacnoNOXeHHOCTb TaKXKe UrPaeT CyLLECTBEHHYIO POb, 0OCODEHHO npu
KenomaHblx pybuax. Kenompapl 4Yalle BCTpeYarOTCA Yy MAUMEHTOB C CeMeMHbIM aHaMHEe30M
naTonorn4yeckoro pybuesaHma, y anu, ¢ 6onee TeMHbIMW GOTOTUNAMM KOXKM, 3 TaKKe Y NauMeHTOoB
MON040ro Bo3pacta. OAHAKO reHeTUYecKas NpeapacnoNOKEeHHOCTb He ABNAETCA eAMHCTBEHHbIM
dakTOpOoM: pa3BuTMe Kenomaa TpebyeT coYeTaHWA WHAMBUAYANbHOM YyBCTBUTENBHOCTMY,
MECTHOrO NOBPEeXAEeHWA, BOCNANEHUA N HEBNAronpuATHbIX MexaHUYeckux ycnosmi [10].

KnnvHuyeckme pasnnuma mexay runepTpoduyeckMMm U KenongHbiMmn pybuamm

MpaBuabHOE  pasiMyeHWe  rMNepTPoPUYEcKMX U KenouaHblX  pybuos  mMmeeT
NPUHUMNMANbHOE 3HAYeHWe, MOCKONbKY TaKTMKa JleYeHWA W MNPOTrHO3 y 3TUX COCTOAHWMA
pasnuuatoTca. Tnuneptpoduyeckmii pybel, 0BblMHO MOABNAETCA B TeYEHME HEeCKONbKMX Heaenb
nocne onepaumm WAM TPaBMbl, PACNosaraeTca CTPOro B MNpeaenax WMCXOAHOW paHbl, MmeeT
KPacHOBATbIM MM PO30BbIN LBET, MOTHYIO KOHCUCTEHLMIO M MOXKET COMPOBOXAATHCA 3yA0M. B
TeyeHMe MecALEB WM NeT OH MOXKET MOCTEMEHHO CTaHOBUTbCA Bonee MATKMM, 6aeaHbIM M
NAOCKUM [4].

KenonaHbiin pybel, HanpoTMB, XapaKTepmnsyeTcs POCTOM 3a Npeaesibl NepBOHaAYaIbHOro
NoBpeXKAeHUA KoK, OH MOXKET NMOABUTLCA Yepe3 HECKOIbKO MeCALLEB Noc/ie TPaBMbl, MPOKo/a
ylen, onepaumu, OXora, akHe WAM BOCMasMTeNbHOro npouecca. Kenouabl 4acto MMeroT
6necTallyto MOBEPXHOCTb, MIOTHYKD KOHCUCTEHUMIO, HenpasuabHyto ¢opmy, MoOryT ObiTb
60Ne3HEHHBIMW W 3yAAlMMK. B oTanume oT runepTpoduyecknx pyobuLoB, Kenouabl peako
PerpeccupytoT CaMoCTOATENbHO U CKAOHHbI K PELMANBY NOCAE U30MPOBAHHOTO XMPYPIrMYECKOro
nccevenus [6, 11].

Hanbonee TUNWMYHBIMKM NOKANM3ALUMAMM KENOMAOB ABAAOTCA MOYKM yleln, obaacTb
rPYAMHbI, NAEYM, BEPXHAA YaCTb CMIMHBI, Wes, HUKHAA YentocTb. FnepTpoduyeckme pybLbl MoryT
GOPMMPOBATLCA NMPAKTUYECKM B 100K 30HE NMOC/E XMPYPrMYECKOro BMELATebCTBA, OXKOora Uam
TPaBMbl, OCODEHHO €eC/M paHa 3a)KMBana C BOCMANIEHWEM, HATANKEHMEM UAN BTOPUYHbLIM
HaTAXeHuem [3, 4].

B KAMHWYECKOM MNpaKTUKe TaKke HeobxoAMMO npoBoAuTb AnddepeHumanbHyo
OMArHOCTMKY MaTONOTMYeckMx pybuos ¢ depmaTopubpomoit, aepmatodnbpocapKkomol,
OMNyX0NeBbIMM 0OPA30BAHUAMM KOMKMU, XPOHWUYECKMMM BOCMANUTENBHBIMW WMHOUABLTPATAMMU U
APYrMMKW  nopaxkeHnamK. Mpu aTUNMYHOM BHeWHem BuAe, ObICTPOM pPOCTe, WM3BA3BNEHWUM,
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KPOBOTOYMBOCTU WAWM OTCYTCTBUWM CBA3M C TPaBMOW LenecoobpasHo nposedeHWe Huoncum wm
Mmopdonormyeckoro nccneaosanus [5].

OueHKa pybuoB B KAMHUYECKOW NPaKTUKe

Ona  ob6bekTMBM3aUMM pe3ynbTaToB JleHeHMA B MAACTUYECKOW  XMPYPrMM  BaXKHO
MCNO/Ib30BaTb CTAaHAAPTU3UPOBAHHbIE LWKaabl OLEeHKN pybuos. Hanbonee nM3BecTHoOW ABNAETCA
BaHKyBepcKadA WkKana oueHKM pybuoBs, BKAKOYAOLWLAA TakMe NapaMeTpbl, Kak BaCKy/nApuM3aums,
NUIMEHTAUMA, BbICOTA M 3/1aCTMYHOCTL pybua. OHa WMPOKO MPUMMEHAETCA MPU OXKOrOBbIX M
nocneonepauymoHHbIX pybuax, oAHAKO He Bcerga OoTpayKkaeT CyObeKTMBHbIE Kanobbl NaumeHTa
[12].

Bonee KOMMNAEKCHbIM MHCTPYMEHTOM aBAAeTca WkKana POSAS — Patient and Observer Scar
Assessment Scale. Ee npenmyLLeCTBO 3aK/O4AETCS B TOM, YTO OHa YYUTbIBAET Kak MHEHME BpaYa,
TaK W OUEHKY MaumeHTa. Bpay oueHMBaeT cocyamcToCTb, MUIMEHTAUMIO, TONLWMHY, penbed K
31aCTUYHOCTb pybLa, a NaumeHT — 60.b, 3y, UBET, TOAUMHY, HEPOBHOCTb M 0blLee BoCNpUAaTHe
pybua [12]. [Ans nnactMyeckom XuMpyprumM Takon noaxos OCOBEHHO BaeH, MOCKOJbKY
3CTETUYECKMI pe3yibTaT BO MHOTOM onpeaenaetca CyObeKTMBHbIM BOCMPUATMEM NaLMEHTA.

Kpome KAMHWMYECKMX LWKaa, MOryT WCNOAb30BaTbCA WMHCTPYMEHTa/bHble MeToabl:
doTorpaduyeckan AOKYMeHTaUMA, yNbTPa3ByKOBaA OLEHKA TOAWMHbLI pybua, 3nacTtomeTpus,
[epMaToCcKoNuA, cnekTpopoToMeTpuA, TpexmepHaa Bu3yanmdauma. OAHaAKO B MOBCEAHEBHOMN
NpakTMKke Hambonee [AOCTYMHbIMM OCTAKOTCA KAMHWMYECKMI OCMOTP, CTaHAApPTM3MPOBaHHOE
doTorpaduposaHme, drkcauma Kanob n NpUMeHeHne NPOCTbIX LWKan oueHKu [12].

OueHka pybua AoMKHA NPOBOAMNTLCA HEe TONIbKO A0 M NOC/NE NeYeHUA, HO U B AMHAMUIKE.
PybLOBanA TKaHb MOMET M3MEHATbCA B TeueHWe 12—24 mecAueB, NO3ITOMY MpexAeBpeMeHHas
OUeHKa pesynbTaTa MOXeT ObiTb OowuboYHOW. [pu 3TOM paHHee BbIABNEHWE MPWU3HAKOB
naTonorn4yeckoro pybueBaHWsa NO3BONAET CBOEBPEMEHHO HaYaTb NPOdUNAKTUYECKME N NedebHble
MepPOoNPUATUA, YTO NOBbILLAET BEPOATHOCTb HAaronpmATHOro ncxoaa [5].

MpodurnakTnka Nnatonorndeckoro pybueBaHnA B NNaCTUMECKON XUPYPIK

MpodunnakTnka rMNepTPOGUYECKUX U KenomaHbix pPybLOB HaYMHAETCA elle Ha STane
NNaHMpoBaHWA onepaumm. OCHOBHAA 3afayva xupypra — C034aTb YCA0BMA O1A MNEPBUYHOrO
3aXKMBNEHMA PaHbl C MWHUMAbHBIM BOCNANEHMEM, MUHMMANBbHBLIM HATAXKEHMEM TKaHen W
XOPOLWMM COMOCTaBNEHMEM KpaeB KOXW. [pM NAAHOBbLIX 3CTETUYECKMX M PEKOHCTPYKTMBHbIX
BMeLIATeNbCTBAaX HEODXOAMMO YUYMTbIBATL IMHUM KOXHOTO HAaTAXKEHWUA, aHAaTOMMUYECKNE CKNaAKM
1 30HBI, rae pybeu, byaet meHee 3ameTeH [3].

BaXHEMWMM NPUHLMNOM ABNAETCA aTpaBMaTU4YHAA TexHMKa paboTbl C  TKaHAMM.
YpeamepHada Koarynauma, rpyboe obpalleHne C KpasmmM paHbl, UWEMMA, TemaToMa, cepoma u
MHPEKLMA YBEANYMBAIOT PUCK NATONOTMYECKOro pybuesaHma. NosTomy npodunakTMKa BKAOYAET
TWATENbHbIA remocTas, beperkHy AMCCEKUMIO, afeKBaTHOe APeHWpPOoBaHWe MO MOKa3aHUAM,
NPOPUNAKTUKY MHDEKLMOHHBIX OCNOMHEHUA U WUCKAOYEHWE M3ObITOYHOTO HATAMKEHUS MNPU
ywmsaHun [1, 5].

MocnoHoe 3aKpbITMeE paHbl C pacnpeaeneHnem Harpyskm Ha rnybokme TKaHu No3BonAeT
YMEHbLUWTb HaTAXKEHWE Ha YPOBHE AepMbl M anuaepmmca. B 30HaX BbICOKOTO pMcKa MOXKET bbiTb
onpaBAaHo MNpUMeHeHue rayboKux AepmanbHbIX LWBOB, dacumanbHON dUKcaumn, Z-naacTuKm,
MECTHbIX JIOCKYTOB WAW APYyrMX MEeTOAOB nepepacnpeneneHnsa HatsakeHusa. CoBpemMeHHble
aNropuTMbl NPOPUNAKTUKM NOAYEPKMUBAIOT, UTO MEXaHMYECKOe HaTAXKeHWe ABNAETCA OAHUM U3
K/KOYEBbIX YNpaBAsemMblx $akTOpoB pucka [5].

MocneonepaumMoHHbIM  yxoa4, Takke umeeT 6Oonblwoe 3HayeHue. [launeHTy cneayet
0OBACHUTL HEOOXOAMMOCTb OrPaHWYEHMA PACTANKEHMA 30HbI Onepaumun, 3awmTtbl pybua ot
YyNbTPadMONETOBOIO U3YHEHNA, KOHTPONA BOCNANEHNA 1 COBNOAEHNA peKOMeHAALUMI NO yXo4y
3a KOxel. B TeyeHMe nepBbix MecAUeB nocae onepauum pybuosad TKaHb 0COHEHHO
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4yBCTBMTENbHA K TPAaBMaTU3aLMK, NeperpeBaHunio, MalepaLmm, pa3gpaxatoliiM KOCMETUYECKUM
cpeacTBaM M MOBTOPHOMY BocnaneHuto [6].

Y NaumMeHTOB C BbICOKMM PUCKOM KeNonaHOro pybueBaHus npodunakTMka AoKHa 6biTb
bonee akTMBHOM. K TakMm nauyeHTam OTHOCATCA /MUa C KeJionJamu B aHamHese, CeEMEMNHOM
NpeapacnoNOReHHOCTbO, TEMHbIM GOTOTUMOM KOXKM, MOIOZbIM BO3PACTOM, @ TaKXKe NauMeHTbl,
KOTOPbIM  BbIMOMHAIOTCA BMELIATENbCTBA B 30HAX BbICOKOrO pucKa. B Takux caydasx
LenecoobpasHo paHHEe WCMo/b30BaHME CUAMKOHOBBLIX renel WauM NAacTWH, TEUNMPOBAHMA,
KOMMPECCMOHHOW Tepanuu, a Npu nepsbix NPU3HaKax aKTMBHOCTU pybLa — MHBEKLMOHHON UK
annapaTHoWn KoppeKumn [2, 5].

CununkoHoBanA Tepanua

CUAMKOHOBbIE TENM W CUIMKOHOBbIE MIACTUHbBI ABAAOTCA OAHMMWM M3  Hambonee
PACMpPOCTPaAHEHHbIX MEeTOA0B MNPOPUAAKTMKM W NeYeHMs NaToNorMyeckmx pybuos.  Ux
NPUMEHEHWE OCHOBAHO Ha CO3[4aHMM TOHKOM MOAYNPOHMUAEMOM TMAEHKM, KOTopas
NOAAEPKMBAET ONTUMA/bHYO TMAPATALUMIO POrOBOrO C0S, YMEHbLIAET TPAHCINUAEPMAbHYIO
NOTEPIO BAArM, CHUMKAET 3y, NOKPACHEHME M BblparKeHHOCTb pybLoBoM runeptpodum [13].

CunnKoHoBaA TepanuA OObIMHO Ha3Ha4aeTcA MNocae MOAHOW 3NUTENM3aLMM  PaHbl.
HaHeceHWe CUMAMKOHOBOrO rens WAM MUCNONb30BaHME CUAMKOHOBOW MAACTMHbBI Ha OTKPbITYHO,
MOKHYLLYIO UKW WMHOUUMPOBAHHYIO paHy HeaonycTUMo. [pOAO/IKUTENbHOCTb MPUMEHEHUA
COCTaBNAET He MeHee 2—3 MeCcALEB, a NPWU CKAOHHOCTU K rMNepTpodUn UAN KenouaHOMYy POCTy
MOXeT foCTuraTb 6 mecaues n bonee [13].

MpenmyLLeCTBOM CUIMKOHOBOIO rens ABnAeTcA yaobCTBO MPUMEHEHUA Ha Nuue, Liee,
CyCTaBaxX WM y4acTKax CO CNOXKHbIM penbedom. CUAMKOHOBbIE MAACTUHbLI Bonee yaobHbI AnA
NNOCKMX NOBEPXHOCTEM N BonbluMx pybLOB, O4HAKO TpebytoT xopolwern GUKcaummn n perynapHoro
yxoaa. Bbibop dOpMbl CMAMKOHA 3aBMCUT OT JOKaAM3aumm pybua, obpasza »KU3HW MNaLMeHTa,
4yBCTBUTENbHOCTU KOXKM 1 BEPOATHOCTU COBtOAEHNA pekoMeHaauml (2, 13].

HecmoTpAa Ha WKMPOKOe NpMMeHeHWe, AoKasaTenbHaa 6asa CUMAMKOHOBOM Tepanuu
HeoAgHopoAHa. CucTemaTmyeckme 0630pbl MOKA3bIBAKOT, YTO CUAMKOHOBbLIE MOKPLITUA MOTYT
YMEHbLIATb TONLLMHY U MHTEHCMBHOCTb OKPACKM pybL,0B, O4HAKO KavyecTBO 4acTu UcCnenoBaHUM
orpaHuyeHo [13]. Tem He MeHee B MeXAyHapOAHbIX PEKOMeHAaUMAX CUIMKOHOBAA Tepanus
COXPaHAET BaXKHOe MecTo baarogapsa 6€30MacHOCTM, AOCTYNHOCTU M BO3MOXKHOCTM ANNTEIbHOMO
NPUMeEHEHNA, 0COBEeHHO B NPOodUNAKTUKE MOC/NeonepauUmMoHHbIX PybLOB Y NMaUMEHTOB rpynnbl
pucka [1, 2].

KomnpecchoHHasa Tepanus

KomnpeccnoHHas  Tepanus  NPUMEHSETCAs  MPEMMYLLECTBEHHO  MPW  OXKOTOBbIX
rmneptpoduyeckmnx  pybuax, pybuax KOHEYHOCTEN, VIIHbIX Kejouaax W HEKOTOPbIX
nocneonepaumoHHbIX pybuax. MexaHW3M AeNCTBMA CBA3bIBAIOT C YMEHbLUEHMEM KPOBOTOKA B
PYyBLIOBOM TKAHW, CHUMEHMEM AaKTUBHOCTU GUOPO61ACTOB, MEXAHMUYECKMM PeEMOAEINPOBAHNEM
TKaHeM N yMmeHblleHnem oTeKa [14].

Hanbonee m3BECTHbIM BapMaHTOM  ABAAIOTCA  KOMMPECCMOHHble  garments —
WHOMBMAYANbHO W3rOTOB/IEHHbIE KOMMPECCMOHHbIE M3AEeNMA, KOTOpble MPUMEHATCA Yy
MaLUMEHTOB MOC/E OXKOroB. B MaacTMYecKOn XMPYypPrum TaKKe MCMOb3ytoTCA KOMMPECCUOHHbIE
MOBA3KW, 3/1acCTUYHble OWHTLI, ChneumanbHble KAUMCbI ANS MOYeK Yylel nocne wucceyeHus
Kenomaos, KOMMPECCMOHHOe bGenbe nocne abaoMWMHOMAACTMKM, MaMMOMAACTUKM U APYrux
BMellaTenscTs [14].

SbdEeKTUBHOCTb KOMMNPECCMOHHOM TePanMM BO MHOTOM 3aBUCUT OT NPaBMAbHOTO noabopa
[aBNEHWA, 4NTENBHOCTU HOWEHMA N NPUBEPIKEHHOCTUN NaLmMeHTa. MeToa TpebyeT perynapHoCcTH
M MOXeT ObITb Heya0beH, 0CODEHHO B KapKOM KNMmaTe, y AeTel U Npu ANUTENbHOM Je4eHnn.
BO3MOKHbI pasfpaskeHne KOXW, mauepaumsa, 3ya u AnckomdopT. osTomy KOMMpeccMoHHan
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Tepanua A0/KHA Ha3HaAYaTbCA MHAMBUAYANbHO, C YHETOM I0KaAM3aUmMm pybua 1 nepeHoCMMoCTH
[14].

B npodunaktMke pyOLOB Moc/fe 3CTETUYECKUX OMnepauuit  Komnpeccusa urpaet
BCMOMOraTenbHyt posib. OHa MOXKET yMeHbllaTb OTeK, CTabuansnpoBaTb TKAHWU, CHUMKATb PUCK
CEPOM M MEeXaHWYeCKoro pacTakeHus pybua. OQHaKo ee He cneayeT pPacCMaTpMBaTb Kak
CaMOCTOATE/IbHbIM YHMBEPCA/IbHbIM MeToA NPOUNAKTUKM Kenomaos. Hamnydwme pesynbraThbl
[OCTUrAtOTCA MPU COYETAHUM KOMMPECCUMU C CUAIMKOHOBOM Tepamnuen, KOHTPONEM HaTAKEeHMA
TKAHEM N PaHHUM JledeHNeM NPU3HAKoB runeptTpodum (5, 14].

NHBEeKLUMOHHaA Tepanua rMIOKOKOPTUKOCTEPONLaMM

MHTpane3noHHOe BBeAEHWME TNIOKOKOPTMKOCTEPOMAOB, MPEXAe BCEro TPUAMLMHONOHA
aLeToOHMAA, OCTaeTcA OAHWM M3 OCHOBHbIX METOAOB NeYeHUA TMNepTPOPUUYECKUX U KENOUAHbIX
pybuos. Mpenapat nogasnaet nponndepaumto dubpobnacToB, yMeHbLIAET CUHTE3 KOJ/1areHa,
CHM)KAeT BOCNaneHue, ymeHbluaeT 3y, 60/1b U NAOTHOCTL pybua [15].

TpramMUMHONOH BBOAMTCA HEMOCPEACTBEHHO B TOALLY PybOLOBON TKaHWM C MHTEpBalamM
0bbluHO 3—6 Hepenb. KoHueHTpauma n obbem npenapaTa 3aBMCAT OT pasmepa, NJAOTHOCTU U
nokanmsaumm pybua. Mpu HeboNblWMX M yMepPeHHO MAOTHbIX pybuax MOryT NPUMEHATbCA
MeHbLUME KOHLEHTPaUMK, TOrAa KaKk NAOTHble Kenonapl TpebytoT 6onee akTUBHOrO BO34eNCTBUA.
BaskHO n3beraTb CAMWKOM NOBEPXHOCTHOrO BBEAEHWA, MOCKObKY 3TO NOBbILAET PUCK aTpodum
KOXM, TeNeaHrMaKTa3nn n aenurmeHTaumm [15].

MpevmyLLecTBOM MeToda ABAAETCA  AOCTYMHOCTb, OTHOCWUTE/NbHAA MNpoCToTa MU
BO3MOXHOCTb aMbynaTopHoro npumeHeHna. OQHaKO MOHOTepanua rHOKOKOPTUKOCTEPOUAAMM
He Bcerga obecneyvmBaeT CTOMKMI pe3ynbTaT, 0COBEHHO NPU KPYMHbIX, ANTENBHO CYLLECTBYHOLLMX
W peunamnsHbIX Kenomaax. Kpome Toro, MoBTOpPHbIE UHBEKLMWM MOTyT ObiTb HONE3HEHHBIMU U
COMPOBOXKAATLCA NOKANbHBIMW OCNOXKHEHNAMM [6, 15].

B coBpeMeHHOW MpaKTMKe TIIOKOKOPTUKOCTEPOUAbI BCE Yalle NPUMEHAIOTCA B COCTaBe
KOMOWUHMPOBAHHOM Tepanuu: C 5-GTOpypaumIom, Na3epHbIM NleYeHWeM, KpuoTepanuen,
XVPYPrUYECKMM UCCEYEHMEM WM CUIMKOHOBBLIMM MOKPbITUAMKU. TakoM noaxon no3BondeT
NOBbICUTb 3GPEKTUBHOCTb IEYEHUA U CHU3UTb PUCK NODOYHbLIX 3PPEKTOB 3a CYET YyMeHbLUEHMA
[03bl CTEPOMAHOro npenaparta [16].

5-¢Topypaumn n KOMBUHMPOBAHHAA MHBEKLMOHHAA Tepanus

5-dTopypaumn sABnAeTcA aHTMMeTaboNMTOM, KOTOpbIM nodasaseT nponaudepaumto
dnbpobNACTOB M yMEHbLUIAET CUHTE3 BHEKNETOYHOrO MaTpMKCa. B neyeHUM KenomaHbix U
runepTpodumyecknx pybuos oH NPUMEHAETCA MHTPANE3MOHHO, KaK CaMOCTOATENbHbIM npenapat
NN B KOMOMHALMK C TPMAMUMHOIOHOM [16].

KombuHauma TprvamMumHONOHA W 5-dTOopypaumna paccMaTpMBAETCA KaK OAMH M3
3bDEKTMBHbBIX BAPMAHTOB /Ie4EHUA pPe3nCTeHTHbIX pybuos. CoyeTaHWe nNpenapaToB MO3BONAET
BO3/EMNCTBOBATb OAHOBPEMEHHO Ha BOCMA/NIUTENbHbIA U NPOANPEPATUBHBLIA  KOMMOHEHTbI
naTosormyeckoro pyobuesaHus. o AaHHbIM 00630pOB, KOMOMHMPOBAHHAA Tepanua MOMKET
obecneymBaTtb Honee BblparKEHHOE YMeHbLUEHWE BbICOTbI, MAOTHOCTM, 3PUTEMbI M CUMNTOMOB
pybLa No cpaBHEHWUIO C MOHOTEpanuen cteponaamm [16].

MNobouHble 3dpdeKTbl 5S-pTOpypaumna BKAOYAOT ©O0b NPU  BBEAEHUMW, KIKEHUE,
rMNepnUrMeHTaLmio, 3p03nKM, M3bBA3BAEHMA U OKaAbHOe BocnaneHwe. [loaTomy npenapat
OO/KEH WMCNO/Nb30BaTbCA C OCTOPOXKHOCTbIO, OCOOEHHO Ha TOHKOM KOXe, B KOCMETUYeCKM
3HAYMMbIX 30HaX M Y NALMEHTOB C HU3KON NEPEHOCUMOCTbIO MHBEKLMI. [Ana ymeHbweHWA 6oau
BO3MOXHO WCMO/Ib30BaHNE MECTHOM aHEecTe3nW, OXNAXKAEHMA WAM COYEeTaHWA C APYrMmM
MeTodamm obesbonmBanHma [16].

B nnactnyeckon  xupyprum  5-GTtopypaumn  ocobeHHO noneseH NpuM NAOTHbIX
NoCNeonepaumMoHHbIX Kenouaax, peunamBHbIX pybuax nocne uccedeHusa, pybuax nepenHewn
rPY4AHOM CTEHKW, NNe4eBOro noAca, YLWHbIX PAKOBUH M APYrMX 30HAX BbICOKOrO pucka. OaHaKo
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neyeHue AOMKHO ObITb KYPCOBbBIM, C PErYNAPHOMN OLEHKOW AMHAMMKM U KOPPEKLMEN CXeMbl B
3aBMCKMMOCTM OT OTBETA TKaHel [6, 16].

Kpvotepanua

KpnoTepanma oCHOBaHa Ha /JIOKaZIbHOM BO3A4EMCTBMM HU3KMX TEMMNEPATYP, Bbi3biBAOWEM
noBpeXAeHMe COCYA0B, KPUCTANNM3ALUMIO BHYTPUKNETOYHOM KUAKOCTU, HEKPO3 YacTu pybLoBoM
TKaHW M nocneaylouee pemoaenmpoBaHme. MeToa WCNONb3yeTcA NPeUMYLLECTBEHHO Mpu
HeOONbLWINX Kenonaax u runeptTpoduyeckmx pybLax, ocobeHHO ec/im OHWM MMEIOT BblparKeHHYHo
NJAOTHOCTb M BO3BbILWAIOTCA Ha, Koxen [17].

KpnoTepanma MOXeT NPUMEHATHCA KaK CaMOCTOATE/IbHbIA MEeTOA, UM B KOMBUHAUMKN C
MHBEKUMAMMW TpMamumHonoHa. KombuHauma ocobeHHO onpasAaHa npu MAOTHbIX KeNoWMAHbIX
0bpa3oBaHMAX,  MOCKOAbKY  NPeaBapuUTENbHOE  KPMOBO3AEWCTBME — MOXEeT  obieryatb
NPOHMKHOBEHME NpenapaTta M NoBbIWaTh 3GGEeKTUBHOCTb JiedeHns [17].

OrpaHunyeHMaAMM meToda ABAsatoTcA 601e3HEHHOCTb NPOLEeAYpPbl, PUCK Ny3blipel, 3p03uit,
rMNo- WAW TUNepnUrmeHTaumMm, OCOBEeHHO Yy MNaUMEHTOB C TEMHbIMM GOTOTMNAMM KOXKW. B
KOCMETMYECKM 3HAYMMbIX 30HAX T1LA M WEeW KpMoTepanma A0KHA MPUMEHATLCA OCTOPOXKHO. Mpu
KpynHbIX pybuax OAHOro KpMOBO3AENCTBMA OObIYHO HeAOoCTaTOYHO, TpebyeTcs HeCKONAbKO
ceaHcos [17].

HecmoTpAa Ha  OrpaHuWyeHWsa, KpWoTepanuAa  COXPAHAET 3Ha4yeHMe KaK  4acCTb
MYNbTUMOZANbHOTO NedeHnsa, 0COBeHHO Npu HeboNblIMX Kenomaax YLWHbIX PAaKOBWMH, NAOTHbIX
OrpaHNYeHHbIX pybuax M pe3nCTeHTHbIX 0OPa30BaHWUAX, MIOXO OTBEYANWMX HA CTAaHAAPTHYHO
NHBEKUMOHHYIO Tepanuto [6, 17].

JNlasepHble meToabl NeveHuns

NazepHasa Tepanua 3aHMMaeT BaXKHOe MeCTO B COBPEMEHHOW Koppekuuu pybuos. B
NAACTUYECKOM XMPYPrMM MCMONB3YIOTCA COCYAUCTble Nasepbl, GpaKLMOHHble abNALMOHHbIE U
HeabnauMoHHble nasepbl, COz-nasep, Er:YAG-nasep M KOMOUMHMPOBAHHbIE METOAMKKU. Bbibop
nasepa 3aBUCUT OT Tuna pybua, ero uBeta, NAOTHOCTWU, BbICOTbI, AABHOCTM, NIOKaNM3aUUK U
doTOTUNA KOXKM NaumeHTa [18].

CocyancTble nasepbl, B YaCTHOCTU MMMYAbCHbIA KpacuUTenb Ha AAMHe BONHbI 585—595 Hm,
NPUMEHAKTCA NMPW 3PUTEMATO3HbIX, TMNEPBACKYNAPHBIX M 3yaauwmx pybuax. OHM yMeHbLuatoT
COCYAMCTbIM KOMMOHEHT, MOKPacHeHWe, 3yA M BOCMAAUTENIbHYID aKTMBHOCTb. Takue /nasepbl
0COBEeHHO NO/e3Hbl Ha pPaHHUX CTaauMsax GOpPMMPOBaHMA runepTpoduyeckoro pybua, Koraa
npeobnagaeT KpacHoTa U Backynspusauma [18].

®pakumoHHblin CO,-nasep BO3AEMCTBYET Ha MJIOTHOCTbL W penbed pybua, dopmupya
MWKPO30HbI abasauMM U CTUMYIMPYA pPeModennpoBaHne KonnareHa. OH MOXeT yayywaTb
31aCTUYHOCTb, TONWMHY, MOBEPXHOCTb W BHEWHMM BuA pybua. Kpome TOro, dpakumoHHas
nasepHaa o00OpaboTKa MOMKET WCNO/b30BaThbCA [1A  N13a3ep-aCCUCTMPOBAHHOM  AOCTaBKM
NIeKapPCTBEHHbIX MPENapaToB, HaNpMMep KOPTUKOCTEPOMUA0B MK 5-GTopypaumaa, YTo NoBbIWaeT
NPOHMKHOBEHME aKTUBHOIO BELLLECTBA B PyOLIOBYIO TKaHb [18].

NasepHasa Tepanua peaKko ABNAETCA eAMHCTBEHHbIM METOAOM JIeYEHUA BblparKEHHbIX
Kenonaos. Hanbonee pauMoHanbHO MCMO/b30BaTh €e B KOMOMHALMKU C CUIMKOHOBOW Tepanuen,
MHBEKUMAMM, XMPYPTUYECKMM NeYeHNEM UM NOCNeonepauMoHHOM NPOUNAKTMKOM peuunamBa.
Mpn 3TOM HEOBXOAMMO YUYMTbIBATb PUCK MOCTBOCMANUTENbHOM TMNEepnMrmeHTaumm, ocobeHHo y
NAUMEHTOB C TeMHbIMW GOTOTUMAMM KOXKW. HenpasuabHbIA BbIGOP NapameTpoB Na3epa MOXKET
YCUAWUTbL BOCNANEHME W yXyalWnTb cocTosHWe pybua [18, 19].

Cuctematnyeckne 0H630pbl MOKA3bIBAKOT, YTO /1a3epbl MOTYT YyAyylaTb BHEWHWA BUA, U
CMMNTOMbI TUNEPTPOPUYECKMX MU KeNoMAHbIX PybLOB, OAHAKO MCCAeAO0BaHWA OTAMYAtOTCA MO
AW3aiiHY, NapameTpam BO3AENCTBMA U CpoKam HabatogeHua. [osToMy NnasepHoe feveHue
[ONKHO paccmaTpmBaTbCcA Kak 3QGEKTUBHbIN, HO MHAMBMAYANbHO NOAOMPAEMbIA KOMMOHEHT
KOMMNAEKCHOM Tepanum [18].
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Xupypruyeckoe neyeHue

Xnpypruyeckoe neyeHme npumeHsaeTca npu pybuax, KOTopble Bbi3biBAtOT BbIPaXKEHHbIN
acteTmyeckmit  aedekT,  PYHKUMOHANbHOE  OrpaHuYeHue,  KOHTPakTypy, JAedopmaumio
aHaTOMW4YyecKon ob6n1acTM WAM He NOoAJAAKTCA KOHCEPBATMBHOM Tepanuu. B nnactuyeckon
XMPYPrUmM MCNONb3YIOTCA MccedeHne pybua, Z-nnactuka, W-nnactuka, /oKa/ibHble KOXHble
NNOCKYTbI, Nepecaaka Koxu, AePMOTEH3UA U APYTMe PEKOHCTPYKTUBHbIE meToabl [5].

Mpn runeptpoduyecknx pybuax XMpPypruyeckoe nedyeHne MoXKeT ObiTb 3PPEKTUBHBIM,
0COBEHHO eC/IM UMEETCA KOHTPAKTYpa uaun rpyboe HapylieHne dopmbl TKaHen. OCHOBHas 3a4a4a
onepaumm — He NPOCTO yAanuTb pybel, a U3MEHUTb YC/I0BUA 3aKMBNEHUA: CHU3UTb HAaTAXKEHME,
NPaBUIbHO PACMONOKUTL JIMHUIO Pa3pesa, YAYyYlMTb KauyecTBO MATKOTKAHHOrO MOKPbITUA U
obecneynTb NPOPUNAKTMKY NOBTOPHOM rnnepTpodun [5].

Mpu KenonaHbix pybuax M30anMpoBaHHOE XMPYPrMYeckoe UccevyeHmne CBA3aHO C BbICOKMM
PUCKOM peunamBa. bonee Toro, HOBbIN Kesoma Nocse onepaLUmmn MoxKeT BbiTb 6o/ble NCXOAHOTO
obpaszoBaHMA. [103TOMY XMPYpPrus KenomaoB MNPAKTUYECKM BCerda AOoJKHA CcoveTaTbCsa C
aflblOBaHTHOM  Tepanuen: MnocneonepaumMoHHbIMM  MHBEKUMAMM  KOPTMKOCTEPOMAOB, 5-
GTOPYPaALMAOM, CUMAMKOHOBOM Tepanuein, KOMNPeccuen, Na3epHbIM edYyeHUemM WM Ny4eBom
Tepanuer No CTPOrMm nokasaHuam [6, 11].

Ocoboe 3HayeHMe UMeeT TexHMKa ylmnBaHuA. CneayeT n3beratb HAaTAKEHWA KPAeB KOXKM,
MCNONb30BaTb MOCONHOE 3aKPbITUE, NPU HEOBXOAMMOCTN — rNyHoKMe NOAAEPHKMBAKOLLME LWBLI.
B 30Hax BbICOKOrO pMCKa MOXKET MPUMEHATLCA NepepacnpeneneHme NMHum pybua ¢ Nnomolbto Z-
NAACTUKM MAW MECTHbIX JIOCKYTOB. llocne onepaumm HeobxoAMMO AnuTenbHoe HabnwaeHue,
MOCKO/bKY PeLnaMB KeNouaa MOKET Pa3BMBATLCA B TedeHMe mecaLes [5].

Xnpypruyeckoe neyeHuve Hambonee onpaBAaHO MPWU KPYMHbIX OAMHOYHBIX Kenouaax,
Kenomaax MoYKM yxa, pybLOBbIX KOHTPaKTypax, Aehopmunpytowmx pybLax nocae TpaBm m OXKOros,
a Takxe npu pybuax, Hapywatowmx GYHKUMIO MAM 3aTPYAHAOWMX HOLEHWE OAEMAbl, OYKOB,
CNYXOBbIX anmnapaToB M APYrux n3genui. Mpu MHOXKECTBEHHbIX Kenouaax XuMpyprus O01KHa
NPUMEHATBLCA OrPaHUYEHHO M TOIbKO KaK YaCTb KOMM/IEKCHOTO NaaHa [6].

JlyyeBas Tepanua Kak afbloBaHTHbIA METOA,

MocneonepaumoHHas nyveBan Tepanua NPUMEHAETCA B PALAE KANMHUK ANA NPOPUNAKTUKM
peunanBa Kenouaos Mocae XMpPypruyeckoro mcceyeHusa. Ee addekT cBsAzaH Cc noaaBieHUEM
nponandepaumnmn dnbpobaacToB M CHUKEHNEM CUHTE3a KOJI/1areHa B paHHUIM Noc/ieonepaLMoHHbIn
nepwuoa [20].

Hanbonee yacto nyyeBas Tepanua PacCMaTPMBAETCS MPU PEeUMAMBHBIX, KPYMHbIX WM
TPYAHO MOAMAIOLLMXCA NIEYEHUIO Kenonaax, 0COBEHHO B 30HAX C BbICOKMM PUCKOM MOBTOPHOTO
pocTa. Mpu 3TOM M3-3a MOTEHUMANbHBIX PUCKOB MeTof TpebyeT cTpororo otbopa naumeHTos,
MHOOPMMPOBAHHOTO  COr/llacuA, yveTa  BO3pacTa,  JIOKaAM3auMM, CYMMapHOM  A03bl,
PANOYYBCTBUTENBHOCTM OKPYMKAIOLIMX TKAHEM U OHKOIOTMYECKOM HacTopoKeHHocTH [20].

B nnactuyeckomn xvpyprm nydesan Tepanua He ABASETCA METOAOM NEepPBON MHUM U He
NPUMeHAeTCA PYTUHHO ANs BCex naumeHToB. OHa A0/XKHA PAaCcCMATPMBATLCA TONbKO B C/yYasX,
Korza oXXmnaaemas nosb3a NpesblliaeT NOTEHUMANbHbIE PUCKK, @ APYTUe METOAb! TEYEHNA UMEIOT
HM3KYIO BEPOATHOCTb ycrnexa. OCOBEeHHO OCTOPOXKHO cneayeT NoAXOANTb K MPUMEHEHMIO y AeTeN,
bepemeHHbIX, MauMeHToB C pybuamm BOAM3M MOJIOYHOM Kenesbl, WWMTOBUAHOW Kenesbl U
nosaoBbIX opraHos [20].

Hannyywme pesynbTaTbl ONMCAHbI NPU COMETAHUU XMPYPIUYECKOrO UCCeYEHUA U PaHHeN
nocneonepaumoHHON Ny4eBOM Tepanuu, NPOBOAMMON B MepBble CYTKM Mau BanKanwmne AHU
nocne onepauun. OOHAKO WM3-3a Pa3AMuMie B MPOTOKOMAX, A03aXx W MeTodax obayveHua
YHMBEPCabHOWN CXeMbl AN1A BCEX MaLMeHTOB He cyulecTsyeT [20].

MepcneKkTUBHbIE U AONONHUTEIbHbIE METOAbI
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MOMMMO KNACCMYECKUX METOA0B, aKTMBHO WM3Yy4atoTCA HOBble MNOAXOAbl K NeYeHUIO
naTonorMyecknx pyobuos. K HMM oTHOCATCA OOTYIMHMYECKMIA TOKCUH Tuna A, 61eomuunH,
MHTEpdEpPOHbI, Bepanamua, MutomuumH C, nnasmoTepanus, KMPOBasi TpaHCMAaHTaums,
CTBOJIOBble K/ETKW, TapretHas aHTMdMbpoTMyeckaa Tepanua W MeTodbl MOJEKYNAPHOro
BO3/EMNCTBMA Ha CUTHabHble NyTK pubposa [6, 9, 21].

BOTYNIMHMYECKMIA TOKCMH MOXKET CHMXKATb MEXaHWYEeCKOoe HaTAKeHWe TKaHel 3a cuyeT
BPEMEHHOTro pacc/iabneHna Mbilll, a TAKKe 0Ka3blBaTb B/MAHME HA aKTMBHOCTL GUbpobnacToBs. B
NAACTUYECKOM XWPYPrMM 3TO HampaBieHWe NpeacTaBAfeT MHTepec ANs  NPOodUNAKTUKM
NnocneonepaumoHHbIX pybuUOB B 30HaX MUMMYECKOM aKTMBHOCTM, a TaKKe A1 KOPPEKLUMU YiKe
chOPMMPOBaAHHbIX TMNepTpoduyeckmnx pybuos. OaHAaKO ONTUMA/bHblE A03bl, TOYKM BBEAEHMA U
nokasaHua TpebytoT JanbHenwero nsydenmsa [21].

BNEOMUUMH  NPUMEHSETCA  WMHTPaNe3nMoHHO U obnagaetr aHTUNPoOAMbepPaTUBHbLIM
nencramem. OH MOXKET ObITb 3PPEKTUBEH NPU PE3UCTEHTHbIX KEN0WAAX, OAHAKO ero NpUMeHeHue
OrpaHMYyeHo 6OO0NE3HEHHOCTbIO, PUCKOM MUTMEHTHbIX W3MEHEHMUI, JIOKa/NbHbIX HEKPO30B U
HeobX0AMMOCTbIO CTPOroro cobatoaeHnA TeEXHUKN BBeAeHWA [22].

AyTONOrMYHAA KMPOBAA TKaHb M CTPOMA/NbHO-BACKYNAPHAA GpaKLMA pacCMaTpMBatOTCA
KaK MNepcrnekTMBHble MeToAbl Y/AyylWeHUA KadyecTBa pybuLoB, OCOOEHHO npu  BTAHYTbHIX,
H0oNe3HEHHbIX, NIOTHbIX M MOCTTPaBMaTUYeCcKnx pybuax. MNpeanonaraeTca, YTO KMPOBaA TKaHb
MOXET yAy4laTe TPODUKY, 3NaCTUYHOCTb, BAaCKYNAPMU3ALMIO M KAYeCTBO MATKMX TKaHel. OgHaKo
NPU UCTUHHbIX KeNounaax ST MeTOAbl MOKa He MOTyT PaCCMATPMBATLCA KaK CTaHAAPT NeveHuns [6].

MepcneKkTUBHLIM HanpaB/NeHWEM ABNAETCA TapreTHoe BO34eNCTBME Ha MONEKYNApPHble
MexaHu3Mbl  dubposa:  TGF-B/Smad-curHanuur,  Wnt/B-KaTeHUH, MexaHOTPAHCAYKUMIO,
BOCMANUTENIbHbIE LUMTOKMHBI U Perynaumio aktueHocTn dubpobnactos. OgHaKo HONBLIMHCTBO
TaKMX METOA0B NMOKa HAaXOAATCA Ha SKCNEPUMEHTANbHOM UK PaHHEN KNnHMYecKon ctaamm [9].

KOMBWHMPOBaHHbIM NOAXOA Kak COBPEMEHHbI CTaHAapT

CoBpeMeHHan KOHUEeNUMA NeYeHna NaToNornyeckmx pybLoB OCHOBLIBAETCA Ha TOM, YTO
MOHOTepanua peako obecneynBaeT CTOWKWIA pe3ynbTaT, 0COOEHHO Mpu KenouaHbix pybuax.
Hanbonee paumoHanbHbIM ABNAAETCA KOMOMHMPOBAHHbIN NOAXOA, MPU KOTOPOM pPa3Hble MeTO/bI
BO3JEMNCTBYIOT Ha pPa3/IMyHble 3BEHbA MaTOreHe3a: MEXaHWYeCKOoe HaTAXeHue, BOCManeHue,
COCYAMCTbI KOMMOHEHT, aKTUBHOCTb GUOPOHONACTOB, CUHTE3 KOA/MareHa u pemoaennpoBaHune
TKaHew [5, 6].

Hanpumep, npu paHHem runepTpoduyeckom pydLe nocne onepaumm MoxKeT ObiTb
[0CTAaTOYHO CUIMKOHOBOM Tepanuun, TeMNMpoBaHuMs 1 HabatoaeHus. Mpu HapacTaHWMKM NAOTHOCTH
W 3yaa A06aBAAOTCA MHBEKUMWN TPMAMLUMHONOHA UK Na3epHoe Bo3aeincTame. Mpu BbipaskeHHON
aputeme UenecoobpaseH CcocyamcTbii nasep, a NpuM MNJOTHOM BO3BbllLAOWIEMCA pybue —
dpakumoHHbIn CO,-nasep, MHbEKLUUM UAK UX KOMOMHaLMA [18].

Mpy HeboNblIOM Kenouae BO3MOMKHA KOMOMHMPOBAHHAA WMHbBEKLUMOHHAA Tepanus
TPMAMUMHONOHOM M 5-bTOpypaumIoM, KpuoTepanua UM nasepHoe nedyeHue. Mpu KpynHoOm
OAMHOYHOM KEe/NoMZEe MONKET PaCcCMaTPMBATLCA XMPYPrMyeckoe wuccevyeHme c 06A3aTeNbHOM
nocneonepaumoHHon NpoduNakTUKoM peunamsa. Npu MHOXECTBEHHbIX Kelonaax npeanoyteHme
4acTo OTZAETCA KOHCEPBATMBHOW M CUMMNTOMATUYECKOM TEPANMK, HAaNPaBAEHHOM Ha YMeHbLIEHWE
6onu, 3yaa, BocnaneHuns n obbema pybuoBon TkaHm [6].

KombuHMpoBaHHas Tepanua AoaxKHa bbiTb He XaOTMYHOM, a aTanHoMi. Ha nepsom aTane
HeobXxoAMMO OLEeHUTb TN pybua, aKTMBHOCTb Npouecca M anobbl NauneHTa. Ha BTopom aTane
BblbpaTb 6a30BbIN METOA: CUMKOH, KOMNPECCUA, MHBEKLMM, Na3ep UK onepauma. Ha TpeTbem
3Tane onpeaennTb MeToAbl NPOPUNAKTUKM peunamBa U CPpoKM HabawoaeHuA. Takoh anroputm
NO3BONAET YMEHbLUIMTb PUCK M3DBITOYHOrO IeYEHUA 1 NOBbLICUTbL NPeACcKa3yeMoCTb pesyabTaTa [5].
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MpPaKTUYECKMIN aTOPUTM BELEHMA NALMEHTA C NAaTONOTNYECKMM pybLOoM

B npaktuyeckol paboTe NAacTUYECKOro XMpypra MOXKHO MCMOJb30BaTb C/eyoLLni
NnoaxoA.

MNepBbll 3Tan — ouUeHKa pybua n dakTopoB pucka. HeobxoAMMO YTOUYHUTL AABHOCTb
pybua, npuunHy ero GOPMMPOBAHMA, HANMUME KENOoMAOB B aHaMHe3e, CeMEeNHYIo
npeapacnoNioKeHHOCTb, GOTOTUN KOXKM, NOKANM3aAUMIO, CUMATOMbI, Npeablayliee nedyeHve u
OMAaHWUA NaumeHTa. 06s3aTeNbHO NpoBoAMTCA GOTOGMKCALMA M, MO BOSMOXKHOCTH, OLLEHKA MO
wrane VSS nam POSAS [12].

Bropoi atan — onpepeneHve Tuna pybua. Ecam pybeu HaxoauTcAa B npeaenax paHsbi,
MNOCTENEeHHO YMEHbLIAETCA M HE MMEET NPM3HAKOB MPOrpeccum, BeposTHee BCEro peyb MAET O
runeptpoduyeckom pybue. Ecnv obpasoBaHmMe BbIXOAWT 3a Npeage bl NOBPeXAEHMA, NPOAOIKAET
PacTK, CONPOBOXKAAETCA 3yA0M M BObIO, CieayeT npeanonaraTe kenoua [4].

Tpetnin atan — BbIGOP NPOPUNAKTUYECKOM WMAM NedyebHOM TakTUKK. [pu cBexem
nocneonepaumoHHoOMm pybLe y naumMeHTa rpynmnbl pUcka LenecoobpasHbl CUAMKOHOBAA Tepanums,
TennupoBaHue, 3aWmTa oT yabTpadrosieTa U KOHTPOAb HaTaxeHuaA. MNpu paHHel rmneptpodun
n06aBnATCA MHBEKLMM MK nasep. MNpu cbopMMPOBAHHOM Kenouae npeanodTeHme oTaaeTca
KOMBUHUPOBaAHHOMY neveHunto [5, 6].

YeTBepTbli 3Tan — AMHammMyeckoe HabaogeHwe. MauMeHT AO0MKeH MOHWMATb, YTO
nevyeHne pybuos TpebyeT BpemeHun. OueHKa pesynbTaTa MNocie OAHOW npoueaypbl 4acTo
HeKoppeKTHa. HeobxoarMbl NOBTOPHbIE BU3UTbI, KOPPEKLMA CXEMbI U ANNTENbHAA NPOdUNAKTMKA
peunamea. OCObEHHO 3TO KacaeTca KenouaHbIx pybLoB, rae pUCK NMOBTOPHOIO POCTa COXPaHAeTcA
AnvTenbHoe Bpema [6].

MATbIM 3Tan — KOPPEeKUMA OXMAAHMM nNaumeHTa. BakHO O0OBACHWTL, YTO MOAHOEe
ncyesHoBeHue pybLa HEBO3MOXKHO. Llenb nedyeHns — caenatb pybel, Honee NNOCKUM, MATKUM,
CBET/NIbIM, MeHee HONe3HEHHbIM U MeHee 3aMeTHbIM, a TaKXKe yAydYWnTb GYHKLUMIO U KavyecTBO
XMU3HW. PeannctmyHoe MHGOpMMpoBaHMeE NaLMeHTa NOBbILLAET YA0BAETBOPEHHOCTb PE3Y/IbTaTOM
N CHUXKAET PUCK KOHDIMKTHbIX OXnaaHmi [12].

3HayeHne NPoGUNAKTUKM B SCTETUYECKON XMPYPrnm

B acTeTnyeckon xmpyprum npodunaktnka pybuos nmeet ocoboe 3HauYeHMe, MOCKOIbKY
faxke Hebonbluoe yxyAlleHne KayecTBa pybLa MOMKeT oTpMLATENbHO MOBAUATbL Ha BOCMpUATME
pe3ynbTaTa onepauun. [locne abaoMMHOMAACTMKM, MaMMONAACTUKKM, OaedaponnacTukiy,
MNOATAXKKM ML, OTONNACTUKM M APYTUX BMELLATEIbCTB MNaLUMEHT OXKMAAET HEe TONbKO YaydllEeHMA
dOpMbI, HO M MaN03aMeTHOro NOCAeoNnepPaLMOHHOro caeaa.

Ha aTane nnaaHMpoBaHMA 3CTETMYECKOW onepaumm HeobXoAMMO BbISIBAATH MALMEHTOB C
BbICOKMM PUCKOM MaTONOrMYecKoro pybuesaHma. Ecam y naumeHTa paHee Oblan Kenouapsl nocne
NPOKOoAa yLWeRn, akHe, TPaBM WK onepauuii, 3To A0/XKHO 6biTb 06A3aTeNbHO YUTEHO NpPU BbibOpe
[ocTyna u obbema BmelaTebcTBa. B HEKOTOPbIX CAyYanx HaAMuMe BblPaXKEHHOW CKAOHHOCTYM K
Kenonaam mosKeT ObITb OTHOCUTE/IbHBIM MPOTMBOMOKA3aHWEM K HeobsA3aTeIbHbIM 3CTETUYECKUM
onepaumsam B 30HaX BbICOKOIo pucka [3, 5].

Mocne onepauymm NaUMEHT AOIKEH NONYYUTb YETKME PEKOMEHAALMM MO YXO4y 33 PyOLOM:
KOr[la HauyMHaTb CU/IMKOHOBYIO TEPanuio, CKOIbKO BPEMEHM ee NPOA0/IXKATb, KaK OrpaHUYMBaTh
HaTAXeHMe, Korda MOXKHO BO3BPALLATbCA K GU3MYECKMM Harpy3kam, Kak 3awmwaTb pybeu, oT
CO/HLA M B KaKMX CyYyasx HeobXoAMMO CPOYHO 0BpaTUTbCA K Bpayy. NoKpacHeHWe, HapacTaHue
3yAa, YNAOTHeHMe W BO3BblWeHWe pybua AO0MKHbI PAaCCMATPMBATLCA KaK paHHME MNpPU3HAKK
naTonornyeckoro npouecca [5].

Takmm obpasom, NpoduaakTMKa NaTONOTMHYECKOro pybLeBaHNA B 3CTETUYECKOM XMPYPrum
[ONKHa OblTb HE AOMONHUTENbHOM onuMer, a 0H6A3aTeNbHON YacCTbio XMPYPruyecKoro nnaaHa.
IMEHHO paHHAA NpodunakTMKa No3BONAET M3bexaTb CAONKHOro, ANUTENbHOTO W He Bceraa

250



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

npeackasyemoro nedyeHuna cOOpPMMPOBABLLErOCA Kenouaa uaum rpyboro runeptTpodmyeckoro
pybua.

3aknloueHmne

MMneptpoduyeckme n KenonaHole pybubl NPeacTaBAsOT cOOOM CAOMKHYIO KIMHUYECKYHO
npobaemy, HaxoAALYHOCA Ha CTbIKE MAACTUYECKON XMPYPTK, AePMATON0MMKN, KOMBYCTUONOTUN,
PEKOHCTPYKTUBHOM XMPYPrUK N 3CTETUYECKOM MeAMUMHBI. VX pa3BuTMe CBA3AHO C HapyLleHNem
HOPMaZIbHOTO MPOLLECCa 3AXKMBNEHUA, XPOHMYECKMM BOCMAneHUEM, M3ObITOYHOM aKTMBHOCTbLIO
d1bpobnacToB, MOBbIWEHHbLIM CUHTE30M KOMAreHa, MexaHWUYEeCKMM HaTAXKeHMeM TKaHen u
WHOMBUAYANbHOM NPeApacnoNOKEHHOCTbIO NaLUMeHTa.

CoBpemeHHble  MeTodbl NPOOUNAKTUKM  BKAKOYAOT  MpPaBW/bHOE  MaHWPOBaHMWE
XMPYPruyeckoro AOO0CTyMna, aTPaBMATUYUHYHO TEXHWKY, CHUKEHMEe HaTAKeHMA KpaeB paHbl,
NPOOUNAKTMKY  BOCMANMUTENbHbLIX OC/NOXHEHWM, CUAMKOHOBYIO Tepanuio, TennupoBaHue,
KOMMNPeccutio un AuMHamuyeckoe HabnwoaeHue. JledyeHne cPOPMMPOBAHHbLIX PyOLIOB MOXKET
BK/tOYATb WMHBEKLMM T[IOKOKOPTUKOCTEPOMIOB, 5-dTOpypaumna, KpuoTepanuio, nasepHble
TEXHONIOTUW, XMPYPrUYEeCKoe UcceyeHne M afibloBaHTHbIe MeTOAbl NPOPUNAKTUKN peunamnsa.

Hanbonee addeKTnBHON cTpaTerven ABNAeTCA WHAMBWAYANN3NPOBAHHbIN
MYyNbTUMOZANbHbIA noaxos,. Boibop meTosa AO/MKeH 3aBMCeTb OT TMna pybua, NoKanmsaumm,
[aBHOCTW, BbIPAXXEHHOCTM CMMNTOMOB, 3CTETUYECKOro M GyHKLUMOHANbHOTO aedekTa, PUCKa
peunanBa U OXMAaHUIM NaumeHTa. s runepTpoduyeckmx pybLOB YacTO AOCTAaTOYHO paHHeWn
KOHCEPBATMBHOM M annapaTHOM KOPpPeKUMW, Toraa Kak KenouaHble pybubl TpebytoT Honee
ANUTENbHOTO, KOMOUHUPOBAHHOTO M OCTOPOXKHOTO IeYeHUA.

B nnacTuyeckon xumpyprum npodunakTMKa naTONOTMYecKoro pybuesBaHMA O0/KHa
PAacCMaTPMBATLCA KaK BaXKHEWLWMI 31EeMEHT KayecTBa XWMPYPruveckoro pesynbTaTa. PaHHAA
AMarHOCTMKA, CTaHAAPTM3MPOBAHHAA OLEeHKa pybua, rPaMoOTHOe MHPOPMMPOBAHME NaUMeHTa U
NPUMeHeHne AoKa3aTeNbHbIX KOMOUHMPOBAHHbIX METOAOB NO3BOAKT YAYULNTb SCTETUYECKME U
GYHKUMOHANbHbIE UCXOAbl, CHU3UTb HYAaCTOTY PEeLMAMBOB M MNOBLICUTL KAYECTBO KM3HWM NALMEHTOB.
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LLIYBAT YAITIIEPIHAEN
AHTUBMOTUKTEPTE TO3IMAINIK
FEHAEPIHIH SPTYPIIT MEH TAPANTYbIH
TAZIOAY

Magpipa CafbimaH

BronHxkeHepua 6ombiHwa PhD, OKbITyWwbl Aspickep, TanablKopFaH Kanackl, |.*KaHcyripos
aTblHAaFbI XeTicy yHMBepcuTeTi, Ka3aKCcTaH.

MypatbeKkoBa AaynbiMm EpxKaHOBHa

MapaTblNbICTaHY FbINbIMAAPLIHLIK, MarncTpi, Kiwi felabiMKn Kbi3MmeTKkep, TanablKopFaH
Kanacel, |.*KaHCcyripos aTblHAafbl MKeTicy yHMBepcuTeTi, KazaKcTaH.

KaceHoBa lN'ynamupa TbiHbILWb6aeBHa

BeTepmHapma fbiNbIMAAPbIHbIH KAHAWAATHI, A0OLEHT TanablkopfaH Kanacol, |.XKaHcyripos
aTblHAAfbl KeTicy yHMBepcuTeTi, KasaKkCTaH.

AHHOTaUmA

LLly6aT TyMe cyTiHeH AalbiHAANATbIH ASCTYPAI albITbiAFaH cycbiH. OHbIH MUKPOOMOTACHI
©HIM canacblH Ka/bINTacTblpyMeH KaTap, aHTMOUOTMKTepre Te3iMaiNiK reHAepiHiH, bIKTUMaN Ke3i
peTiHAe Ae KbI3blFyLblblK Tyablpadbl. byn )ymbicTa KasaKcTaHHbIH, Kbi3blnopaa, TypKiCTaH »KaHe
AnmaTbl 0B6nbICTapbiHaH XUHaNFAH XKeTi WwybaT yariciHaeri aHTMBMOTUKTEPre Te3iMAINIK reHaepi
MeTareHOMAbIK, CEeKBEHWpAey aaicimeH 3epTTeni. AfbiHFaH AepeKkTep aHTUMOMOTUKTepre
Te3IMAINIK reHAepiHiH, AepPeKKOPbIMEH CabICTbIPbIAbIN, 0AaPAbliH, KYPaMbl MeH CanblCTbipManbl
MO/LWbINbIFLI BaFanaHapl.

Tangay HaTuxKeciHAe ©GapnblK yArinepaeH aHTMOMOTUMKTepre Te3iMmainikTiH, 351 reHi
aHbIKTanabl. OnapabiH iwiHae acr, bacA, rosAB, ImrP aHe emeA reHpepi 6acbim KesgecTi. ImrP
oHe emeA reHAepiHiH, Tapanybl calKeciHwe Lactococcus lactis waHe Enterococcus faecalis
TYPAEPiHIH, MOJWbINbIFbIMEH BalnaHbicTbl 6onabl. bapablK yarinepae Kofapbl AeHrenae
aHblKTanfaH bacA reHi bauuTpaumHre Te3imainikneH 6GannaHbICTbl 60/Ybl MYMKIH. 3epTTey
HaTMXenepi wybat MMKpobMoTacbiHAa aHTMOMOTUKTEPre TE3IMAiINIK reHAePiHiH, KeH TapaifaHbliH
YKOHe onapdblH, WbIFY TEM MEH Tapany XON4apblH TEPEHIPEK 3epTTey KAXETTIrH KepceTtea,.

TyniHai ce3mep: wybaT, MeTareHOMWKa, aHTUMOMOTMKTepre Tes3iMainik reHaepi,
MWKPODBMOTa, CEKBEHMPAEY.

1 Kipicne

AHTUONOTUKTEPAIH, KAMHWUKANbIK TaxKipubere eHrisinyi »yKnanbl aypynapaaH 6onaTbiH
BNIM-XKITIMAI eAayip TeMeHAeTin, MeAnLUMHa TapuXblHAaFbl eH, ipi XeTiCcTikTepaiH, bipiHe anHanabl.
[lereHMeH COHfbl OHXXbINAbIKTapAa aHTMOMOTUKTEPAI MeanLUMHAAa, BETEPUHAPMALA KOHE Man
lWapyalWbiNbliFbIHAA KeH Kenemae nanaanaHy MWUKPOOpraHMamaepAiH 6enimaeny KapKblHbIH
KywenTTi. CoHbIH HaTMXKeciHAe KenTereH bGaKkTepuanap OypbiH TMiMAai 6onfaH npenapaTTapFa
TE3IMAINIK TaHbITbIN, aHTMOMOTUKTEpPre TE3IMAINIK KahaHAbIK AeHrenaeri AeHCay/blK cakTay
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MaceneciHe alHanabl [1]. MyHaal e3repictep emaey HaTMKenepiHe faHa emec, aypyxaHafa
aATKbI3y Y3aKTbIFbIHA, €eMAey UWbIFblHAAPbIHA KaHE MHOEKUMANbIK aypynapablH, Tapany
AMHaMMKacbiHa Aa acep eteqi [2].

Tesimainik  KyOblAbICbl  TeK  MmaToreHAi  MMKPOOPraHM3mMAepMeH LIEKTEIMEN,
aHTUOMOTUKTEpPre  Te3IMAINIK  reHaepi Tabufn  aKOXKyMenepde, aybln  LWapyallbiablfbl
YKaHyapaapbliHbiH MUKPOBMOMbBIHAG, CYy Ke3AepiHAe KaHe Tafam eHimaepiHae Ae kesgeceni [3].
COHFbl KblAZapbl 3epTTeyLliNepaiH Hazapbl pepMeHTTeNreH Taframaapsa Aa aybin oTbip. Cebeobi
MYHZal eHimaepae bakTepuanapabiH KeNTypi KaybiMAaCTbIKTapbl KaabiNTacadbl *KaHe 0napablH,
apacblHAa reHeTUKa blK MaTepuan asMmacybl XKypyi MyMKiH. dcipece nnasmmaanap meH Hacka
benceHai reHeTUKaNbIK /TIEMEHTTEP apKbl/ibl TEO3IMAINIK reHAepiHiH 6ip TypAeH eKiHwiciHe bepiny
bIKTMMabIFbl KAYinci3aik TYpfFbiCbiHAH Ha3ap ayaaptyaa [4].

KasaKkcTaHaa KeH, TapaafaH A9CTYPAI allbITblFaH CYT OHIiMAEpiHiH, Bipi — wy6baT. byn eHim
TyMe CcyTiHiH TabUFLM allybl HITUNKECIHAE Ty3ineai KaHe OHbIH MUKPODOTbIK Kypambl eHipic TaciniHe,
reorpaduanbik aMMakKa, LWKKI3aT canacbliHa XoHe allbITy *KafaahnapbliHa GannaHbICTbl ©3repin
oTblpaabl. LybaTtTa cyTKbIWKbINAALI DaKTEPMANAP MEH allbITKblapAblH 6ackim 60/1ybl OHbIH A9MAIK
KaCMeTTepiH KanbINTacTbIPbIN KaHa KOMMal, MUKPODOTbIK 3KOXKYMECIHIH, TYPaKTbIAblFbiHA Aa bIKNan
eteni. CoOHfbl Kblngapbl WybaT MMKPOOMOTACbIHbIH, TAaKCOHOMMWAbLIK — KYPbIAbIMbl  MeH
NPOBUOTUKANbIK SN1eyeTiHe KaTbICTbl 3epTTeyNep KapusnaHfaHbIMeH, aHTMOUOTUKTepre Te3iMAINIK
reHAepiHiH Tapanybl XeHiHAeri AepeKTep ani ae wekteyni [5].

OcblHAaAM MiHOeTTepai wWelyae MeTareHOMAbIK —CEeKBeHMp/siey aaicTepi  KeHiHeH
KON AAHbINbIN Keneai. HaTuxKeciHae *KeKke MUKPOOPraHM3IMAEPAiH TaKCOHOMMUANBIK KYpamblH faHa
emec, oflapablH, GYHKLUMOHANAbIK 37eYeTiH, COHbIH, iWiHAe aHTUOMOTUKTEpre Te3iMainikneH
HannaHbICTbl reHAepai e aHblkTayFa bonaapl [6].

Ocbl 3epTTeyae KasakCTaHHbIH, SpTYPAi eHipiepiHeH KuHanfaH wybaTt yarinepiHaeri
AHTUOMOTUKTEPre Te3iMAINIK TeHAEPiHiH, KypaMbl MeH Tapaay epekLleniktepi meTareHoMAbIK,
cekBeHMpney HerisiHae 6afanaHabl. COHbIMEH KaTap aHbIKTanfaH reHAepAiH CanblCTbipMarbl
MOILLIbINbIFbI MEH 0N1apAblH, bIKTMUMan MMKPOOTLIK TacbiManaayLbinapbl apacbiHAafbl 6ainaHbIc
KapacTblpblaapl.

2 Matepuanaap meH agictep

2.1 lWly6am yneinepiH uHay

3epTTey yuWiH KasaKkcTaHHbIH, YW 06/1bICbIHAAFbI XKETi TYPAI OHIPAEH KEPTiNiKTi TYPFbIHAAP
[aviblHOoaFaH wybat yAarinepi kuHanabl. Yarinep Anmatbl obnbicbiHaHd (S10, S11, S13, S16),
Kbi3blnopaa obnbicbiHaH (S12) xaHe TypkicTan obabicbiHaH (S14, S15) anbiHAbl. Dpbip yari anapiH
ana  MYKMAT  apanacTblpbliibif, CcTepuabdi nuneTka KemerimeH 50 ma  KenemiHae
3apapcbi3gaHablpblifaH TyTiKWenepre Kyhblaabl. bip aimakTaH anbiHFaH yarinep OGipikTipinin,
OpTaK, 3epTTey YATMCi KanbiNTacTbipblaabl. YArinep angblH ana CaakbiHAATbIAbIA, MY34aTKbIL
anemeHTTepi 6ap KOHTEMHeEP/IEP apKbl/ibl 3ePTXaHaFa MKETKI3iNAI KaHe Tanaay KyprisinreHre geni
—80 °C TemnepaTypada cakTangpl.

2.2 Mannsi JHK-Hel 6enin any waHe cekseHupney

LLly6aTt vyarinepiHeH »annbl muKkpoOTbIK, AHK E.Z.N.A. Stool DNA Kit »MHafbIHbIH
XaTTamacbliHa caMkec 6eniHin  anbiHAbl.  BeniHin  anbiHFaH  [JHK-HbiH,  Tasanblfbl  MeH
KoHUeHTpaumsacbl NanoDrop 2000 cnekTpodoTomeTpi apKblibl aHbikTanabl. AHK TyTactbifbl 1%
araposanblk renb anekTpodopesi kemerimeH 6aranaHabl. KOHUEHTPaUMAHbBI HaKTbinay ywiH Qubit
3.0 dnyopumeTpi KonaaHbinapl. KiTanxaHa ganbiHaay H6apbicbiHAa AHK dparmeHTTepi wamameH
350 »yn HyKNeoTus, y3blHAbIFbiHA AeliH ycakTanabl. Nextera XT DNA Library Preparation Kit
KOMeriMeH CeKBeHMpaey KiTanxaHanapbl AanlbiHAanbin, Kewnid lllumina »Kofapbl eHimMA
cekBeHMpney naatdopmacbiHAa TanaaHabl.
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2.3 MemaeeHoMObIK Oepexkmepdi eHOey

AnbiHFaH 6acTankbl CEeKBeHWpaey JAepekTepi cananblk bakblnayaaH eTkisingi. TemeH
cananbl puaTep, aganTepnik Ti3beKTep aHe VY3bIHAbIFbl 75 XKyN HYKNeOTUMATEH KbICKa
dparmeHTTEp TandayaaH WbiFapblaabl. TazapTblifaH AepeKkTep HerisiHae reHoOMAbIK KypacTbipy
Megahit 6Gafgapnamacbl apKpblibl Kyprisingi. Awblk oKy wweHbepnepi (ORF) MetaProdigal
Hbarnapnamacbl KemerimeH aHblIKTanabl. ¥3biHAbIFbI 100 »Kyn HYKNEOTUATEH acaTblH reHaep api
Kapal Tanpayfa eHrisingi. bapnbik yarinepaeH anbiHFaH reHaep CD-HIT 6araapnamach! apKbiabl
KnactepneHin, 95% yKcacTblK AeHreniHae peayHAaHTTbl eMec reHAep KUbIHTbIFbl KYPbIAbl.
feHAepAiH, canbiCTbipManbl MOLWbLIbIFLI Salmon baraapnamacs! apKblibl ecenTeni.

2.4 AHTUOMOTUKTEPre TE3IMAIINIK reHAePiH aHbIKTay

AHTMOMOTUKTEPre TO3IMAINIK TEeHAEPiH aHblKTay YWiH anblHFaH reHaep MUbIHTbIFbI
Antibiotic Resistance Genes Database (ARDB) aepekkopbiMeH canbiCTbipbiaabl. CalikecTeHaipy
BLASTX anroputmi HerisiHge »kyprisingi. CeHimai colkecTik peTiHge E-value < 1073,
AMMHKDBIWKbINABIK YKCACTbIK 290% XaHe KemiHae 25 aMUHKbIWKbIIbIHAH TypaTblH TypanaHfaH
anMaK KabbingaHabl. HaTmxKeciHAae aHbiKTanfaH Te3iMAiNiK reHAepiHiH, caHbl, TUMATEPi KaHe
bYHKUMOHANAbIK epeKLieniktepi 6aranaHabl.

3 HaTtuxKenep oaHe Tankblnay

3.1 llybam yneinepiHoeai aHmubuomukmepae me3simoinik eeHOepiHiH mapasybl

MeTareHOMAbIK Tanaay HaTUMXKECIHAe 3epTTenreH KeTi wybaT yariciHeH aHTMONOTMKTepre
Te3imainikke KatbicTbl 351 reH aHbiKTanabl. OnapabiH iWiHAe acr ToObiHa »KaTaTtblH 70 reH, bacA
TOObIHA KaTaTblH 54 reH aHe rosAB ToObiHa XaTaTbiH 22 reH Tipkenai (1-cypet). AHbIKTanfaH
reHaep *annol anfaHaa 34 GyHKUMOHANAbIK KNacka Tmecini bonapl, onapablH KaTapblHAa aac, acr,
ant, aph, arnA, bacA, blaA, blaC, emrD, fos, ksgA, ImrP. macAB, mdfA, mdtEF, mdtG, mdtH, mdtk,
mdtl, mdtM, mdtNOP, mexAB, mexEF, mexVW, pbp, qnr, rosAB, smeABC, smeDEF, sul, tet-efflux
»oHe tetRPP cusaKkTbl reHaep bap.
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1-cypet. bapnbIK WwybaT yarinepiHae aHTUBMOTUKKe TO3IMAINIK reHaepiHiH KenTiri
aHbIKTaNabl

BapnblK XeTi yarige 6ip mesrinae aHbiKTanfaH reHaepain, caHbl 23 6onabl (1-kecte). byn
reHaep wybat MUKPOBMOTACbIHbIH, TYPaKTbl KOMMOHEHTTEpiMeH 6ainaHbICTbl BOAYbl MYMKIH.
CoHbIMEH KaTap Kenbip reHaepaiH, TEeK KeKkenereH eHipnepae Kesdecyi aHTMOMOTUKTepre
TE3IMAINIK reHAepiHiH, TapanybiHa reorpaduablk Kafdannap, eHAipic TEXHONMOrMACL Hemece
MMKPODOTBIK KaybIMAACTbIKTapAbIH KYPaMbl 9Cep eTyi bIKTMMaN eKeHiH KepceTeai.
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1-kecTe. 9pbip yAarineri kenbip gapire Te3iMmai reHAepAiH Tapanybl

Ynrinep Rannbl caHbl AHTUOMOTUKKE Te3iMai reHnep
(reraep Typi)

S10, S11, S12, S13, S14, S15, 23 Imrp, arna, emrd, mdtef, mdtm,

S16 mdfa, rosab, baca, mdth, mdtnop,

emea, mdtg, bla_c, macab,
bcr_mfs, tet_rpp, ksga, acr, mdtk,
mexef, pbp, mdtl

S10,S11, S12, S13, S15, S16 3 mexab, bla_a, tet _efflux
S$12, 513, 514, S15, S16 1 sul

S$10, S11, S15, S16 1 mexvw

S12, 514, 515, S16 2 aac

510, S15, S16 1 fos

510, S14 1 smeabc

S14 1 smedef

3.2 baceim aHmMubuomuKkmepae mesimoinik 2eHOEpPIiHiH Canb6ICMbIPMAsIbI MOSIWbIbIFbI

ARDB nepeKKopbIMEH KYPri3ifireH canbICTbipy HOTUMNKeECIHAE BapAbIK yArinepae TopT reHHIH,
- bacA, acr, emeA xaHe ImrP - monwbinbiFbl 6aCKa reHaepMeH canbICTbipFaHaa eaayip *Kofapbl
eKeHi aHbIKTanabl (2-cypeT).
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2-cypeT. LLy6aT yarinepiHaeri aHTMOMOTMKTEPre Te3iMAiNIK reHAePiHiH, CanbICTbipMabl
KONTIri

EH »KOFapbl KepceTkiw bacA reHiHe Tuecini bonabl. bapabik yarinep boMbiHWa Oy reHre
cokKkec KeneTiH 16586 TizbeKk aHbikTanabl. OHbIH, iwiHae S12, S15 skaHe S16 yarinepiHge bacA
TeHiHiH CaHbl epeKle Xofapbl 6onabl. AN acr reHiHiH, MmoawbiabiFbl S13 aHe S14 yarinepiHae
bacbim BanKanabl. ImrP »aHe emeA reHgepi HerisiHeH S15 aHe S16 yarinepiHae Kofapsbl
aeHrenae Tipkena,.

Byn TepT reHHiH, iwiHae acr, ImrP kaHe emeA Kenaspinik TesimainikneH 6alnaHbICTbI
abdnoKc-TacbiManaaylbl  KyMenepaiH KypambiHa  Kipeai. MyHaan  kynenep 6akTepus
¥KacyLlacblHa EHreH Ybl KOCbINbICTAPAbI, COHbIH, iLIiHAE aHTUOUOTUKTEPAI CbIPTKA LLbIFAPY apKbl/bl
)acylWaHblH, Tipwinik KabinetiH cakTanabl. COHABIKTAH OMapAblH *KOFapbl MOLWbIAbIFLI TEK
aHTMOMOTUKTEP  KbICbIMbIHbIH ~ HTWUMKECi  faHa emec, MMUKPOOpraHnamaepaiH, Tabuin
dunsnonormanbik benimaeny mexaHnamaepimeH ae 6annaHbICTbl 6ONYbI MYMKIH.
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3.3  AHmubuomurkmepee me3imOinik eeHOepi MeH MUKPObMbIK  KaybiMOACMbIK,
apaceiHOaFbl balnaHelc

Koppenauuanbik Tanmay HaTuxkenepi aHTMOMOTUKTepre Te3iMAaiNiK reHaepiHiH, Tapanysi
6enrini 6ip MUKpOOpraHM3MAEpAiH, MOJILLbINbIFbIMEH BalnaHbICTbl eKeHiH KepceTTi (3-cypeT). Atan
anTkaHaa, ImrP »kaHe emeA reHAepiHiH, CanbICTbIPMasibl MOJLLbINbIFLI COMKeciHWe Lactococcus
lactis »kaHe Enterococcus faecalis TypnepiHiH ynecimeH OH KOppensuma KepceTTi.

MyHAan CaMKeCTiK Ke34eMncoK, Kybblibic emec. Kelbip 3epTreynepae benrini 6ip te3imainik
reHAepiHiH, Tapanybl 0N1apAbl TacbiMandayllbl MUKPOOPraHM3MAEPAiH Tapany AMHAMUKACbIMEH
KaTap KypeTiHi KepceTinreH [7]. CoHAbIKTaH reHAepAiH, CanbICTbiPMasibl MOALWbIbIFLIH Tanaay
KesiHae MUKPOOTbIK KaybIMAACTbIK KYPbIbIMbIH A3 eckepy KarkeT. COHFbl OHMKbIAAbIKTA
Lactococcus lactis rpamoH, bakTepmanapaasbl Kenaspinik Te3iMaiNIK KynenepiH sepTreyaiH Heri3ri
mMmodenbaepiHiH bipiHe altHanabl [8]. Byn mmkpoopraHmamae LmrA »aHe LmrP aen atanatbiH eki
Heri3ri TacbiIManaaylubl Xkyhe cunattanfaH. Onap KentereH KaTMOHAbIK AMNOPUAbAII KOCbINbICTapFa
OHE  KAWHUMKanbIK —Taxipubede KonaaHbinaTblH  Hipkatap aHTMOMOTUKTEpre Tes3imainik
KanbinTactbipadsl [9). Bi3aiH 3epTreyae aHbiKTanfaH ImrP reHiHiH, Kofapbl MOJLWbIIbIFLI OChI
HbakTepuanapablH, WybaT MMKpobuoTackiHAaFbl eneyni ynecimeH 6anaHbiCTbl 601Ybl MYMKIH.

OcblfaH yKcac *afaal emeA reHiHe ae TaH. EmeA yineci Enterococcus TyblCbIHa *KaTaTblH
DaKkTepuanapha KesdeceTiH Kenaspinik 3dIOKC-COpFbl  pPeTiHAe cunaTTanfaH. 3epTtTey
HaTMKenepi boMbiHWa Enterococcus faecalis meniiepi skofapbl YATinepae emeA reHiHid, ae ofapbl
NeHrenae aHbIKTanybl OCbl OaNaHbICTbI }KaHama TypAae pacTanapl.

EmeA Enterococcus faecalis
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3-cyperT. LLy6aT yarinepinae canblCTbipMasibl TYPAE KONTIiri »)oFapbl bipHelle
AHTUONOTUKKE TE3IMANIK TeHAEPIHIH, CaNbICTbIPMasbl KOMTITi 3KaHe 0NapAblH, bIKTUMAa WbIFY Teri
HaKTepuAnapblHbIH Tanaaybl
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3.4 Acr wylieciHiH mapany epeKkuwenikmepi

3eptrey OapbicblHA@ acr TeHiHiH  MoAWwbINblFbl  Enterobacter cloacae  cekingi
Enterobacteriaceae TyKbIMAacbiHblH, Kenbip ekingepiHiH TapanybiMeH 6alNaHbICTbl  eKeHi
6alikanabl (3-cypeT). byn HaTuKe 24ebu AepekTepMeH Calikec Keneai.

AcrAB-TolC xyheci rpamtepic bakTepuanapaa KeH TapasfaH yl KOMNOHEHTTI Kenaapinik
adbdtOKe KelleHi peTiHae 6enrini. byn xKyne aHTMONOTUKTEPAI FaHa eMec, DOAFbILLTAPAbI, XKYFbIL
3aTTapabl, Ae3nHbeKumAnaylwbl 3aTTapabl KoHe 6acka Aa ybITTbl KOCbIbICTapAbl *KacywadaH
woifapyfa Katbicagbl [10]. CoHAabIKTaH OHbIH, 60/ybl apAalblM aHTUOMOTUKTEP KbICbIMbIHbIH,
Tikenen kepceTkiwi 6ona bepmenai.

Kasipri yakblTTa MyHal TacbiManaayLlbl }Kynenepaid Tabusn KbiameTiHe KaTbICTbl eKi Ty
Ke3Kkapac bap. bipkaTap 3epTTeyLinep onapabl aHTUOUOTUKTEPre TO3IMAINIKTIH HEri3r MexaHW3Mi
peTiHAe KapacTbipca, 6acka aBTopnap Oyn kyhenep OacTankplga KopllafaH opTadafbl yibl
rmapodobTbl MonekynanapaaH KopraHy Hemece benrini 6ip metabonnTrepai Tacbimanaay yuliH
KanbiNTackaH aen ecenteni. AHTUMMKPOOTbLIK 3aTTapApl WbiFapy KabineTi KeliHipek nanaa
H6onraH KocbiMLLa KacneT 6oaybl MyMKiH [11].

3.5 bacA 2eHiHiH HOoFapbl MOAUWbIAbIFLIHLIH bIKMUMAsA cebenmepi

Bapnblk yAarinepae bacA reHiHiH »KOfapbl AeHrenae Kesaecyi 3epTTeyaiH eH, Kbi3bIKTbl
HaTMXenepiHiH,  6ipi  6onabl. [ereHMeH OyA  TeHHiIH,  MOALWbIAbIFbl  OHbIH  bIKTUMaAN
TacbiMandaylwblnapbl peTiHae KapacTeipblaateid Bacillus amyloliquefaciens »ane Bacillus subtilis
TYPNEPIHIH MeJILLEPIMEH COMKEC Kenmes,.

bacA reHi bauuTpaunHre TesimainikneH 6annanbicTbl. OHbIH BHIMI acylla KabblpFacblHbIH,
HUocnHTE3I KesiHae yHAeKanpeHUA-NMpodochaTTbiH KalTa aiHaNbiMbIHA KATbICbIN, BaKTepUAHbIH,
HaumMTpaUMH acepiHe TeTen bepyiHe MYMKIHAIK bepeai. baunuTpaunH KenTereH enaepae aybin
lWapyalbINbliFbIHAA KeMAIK Kocna peTiHae nanaanaHblAfaHAbIKTaH, bacA reHiHiH KeH Tapanysi
OCbl TaxkipnbemeH BannaHbICTbl DOYbI BIKTUMAN.

TyMenepAiH, Heri3ri asbifbl TabUFK »KalblbiM eCiMAiKTepi bonraHbiMeH, on1ap Backa aybin
LapyaLlbl/blfbl *KaHyapaapbIMeH OpTaK aKoxKyMeae Tipwinik eteni. COHAbIKTAH aHTMONOTMKTEpre
TE3IMAINIK reHAepiH TacbiMandayllbl MWKPOOPraHM3MAEPAIH aHyapaap apacbliHAa Hemece
KOopLlafaH opTa apKbiabl Tapany MyMKIHAITIH }KOKKa WbiFapyFa 6onmanabl. COHbIMEH KaTap COHFbI
3epTTeynep Kenaapinik TackiMangayllbl »KyhenepaiH, aHTMOUMOTUKTepre Te3iMmainikneH Kartap
Kacywailinik pH TypaKTblAblFbIH CaKTayfa Aa KaTblCaTblHbIH KepceTKeH. Mbicansl, Lactococcus
lactis 6akTepuacbiHAarbl LMrA syheci aspinik 3aTTap MeH npoToHAapAblH, BipfieckeH TacbiMasibiH
YKYy3€ere acblpbif, KacyllaHblH 3HepreTukanblK Tene-teHairiHe acep eTeai [209]. CoHAbIKTaH
aHblKTanfaH Kenbip  TO3iMAiNIK  reHaepi  aHTUOMOTUKTEP  KbICbIMbIHbIH,  faHa  eMec,
MUKPOOPraHM3maepAiH Tabusn drsmnonornansik benimaenyidid e KepceTkili 60/1ybl MyMKIH.

4 KopbITbIHAbI

KazaKCTaHHbIH 9pTYypAi OHipAepiHEH KMHaNFaH WybaT yArinepiHiH MeTareHoOMAbIK Tanaaybl
HaTMXecCiHAe aHTUOMOTUKTepre Te3imainikTiH 351 reHi aHbikTanabl. EH Xofapbl TapanfaH reHaep
peTiHae bacA, acr, ImrP aHe emeA reHgepi Tiprengi. Kenbip reHaepaid  6enrini
MUWUKPOOPraHM3MAEPMEH KOPPENALMACHI ONapAblH bIKTMMAA WbIFy KB34ePiH aHbIKTayFa MyMKIHAIK
bepai. 3epTrey HaTMXKenepi WybaT MMKpobuoTackbiHAa aHTUOMOTUKTEPre TE3IMAINIK reHAepiHiH,
KeH TapanfaHblH KepceTTi. byn aacTypni depmeHTTenreH eHimaepaiH, MUKPOOMONOTUANBIK,
Kayincisairin 6afanay »KaHe aHTUOMOTUKTepre Te3iMAINIKTIH Tapany XoA4apbiH TYCIHY VLWiH
MaHbI3bl FbibIMKU AepeKTep Honbin Tabbinaapl. bonalakTa Te3iMaiNnik reHaAepiHiH TacbiManaaHy
MEXaHU3MAEPIH XKaHEe 0NapablH KOFaMAblK AEHCaY/1bIKKA bIKMablH TEPEHIPEK 3epTTey KaxKeT.
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Abstract

The rapid evolution of genome engineering has extended the field beyond conventional
CRISPR-Cas9 nucleases toward a broader set of precision editing platforms. Although CRISPR-Cas9
transformed modern molecular biology by enabling programmable DNA cleavage, its reliance on
double-strand breaks and endogenous repair pathways can produce undesired insertions,
deletions, chromosomal rearrangements, and inconsistent editing outcomes (Lee et al., 2025;
Chen et al., 2024). In response, new editing modalities have emerged to improve precision,
flexibility, and safety in both experimental and therapeutic settings. Among these, prime editing
offers a search-and-replace strategy capable of introducing precise substitutions, small insertions,
and deletions without requiring donor DNA templates or double-strand DNA cleavage (Lee et al.,
2025). In parallel, RNA editing platforms, including ADAR-based systems and CRISPR-Cas13-
derived approaches, provide reversible correction at the transcript level and may reduce the long-
term risks associated with permanent genome modification (Booth et al., 2023; Lo et al., 2022;
Yang & Patel, 2024). Complementing these tools, programmable integration systems such as
PASTE and CRISPR-associated transposon platforms are designed to overcome a major limitation
of classic editing methods: the efficient, site-specific insertion of larger genetic payloads (Yarnall
et al., 2023; Wang et al., 2023). Together, these technologies represent a conceptual shift from
DNA cutting alone toward precise rewriting, reversible transcript correction, and targeted
genomic installation. This article introduces the major components of the post-CRISPR toolkit and
outlines their significance for the future of precision medicine, functional genomics, and next-
generation gene therapy (Anzalone et al., 2019; Chen & Liu, 2023; Booth et al., 2023; Yarnall et
al., 2023).

Keywords: prime editing; RNA editing; programmable integration; post-CRISPR technologies;
genome engineering; transcriptome editing; PASTE; gene therapy

Introduction
From programmable cutting to precision rewriting

Since its adaptation for genome engineering, CRISPR-Cas9 has fundamentally changed the
biological sciences by making targeted DNA modification faster, more accessible, and more
scalable than earlier nuclease platforms such as zinc-finger nucleases and TALENSs. Its simplicity
and programmability accelerated applications in basic research, disease modeling, crop
engineering, and translational medicine. However, the standard CRISPR-Cas9 framework is still
largely dependent on generating double-strand breaks and exploiting endogenous DNA repair
pathways, especially non-homologous end joining and homology-directed repair. These repair
processes can be unpredictable and may generate unwanted by-products, including indels, large
deletions, rearrangements, and variable knock-in efficiencies, particularly in therapeutically
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relevant or non-dividing cell types (Anzalone et al., 2019; Rees & Liu, 2018; Bennett et al., 2020;
Lee et al,, 2025; Chen et al., 2024).
Why a post-CRISPR toolkit became necessary

These limitations have motivated the development of a broader post-CRISPR toolkit in which
editing outcomes are no longer restricted to nuclease-mediated cutting. Prime editing is one of
the most influential advances in this transition. By combining a Cas9 nickase with a reverse
transcriptase and a prime editing guide RNA, prime editing enables the installation of defined
sequence changes without creating double-strand breaks or relying on donor DNA templates. This
architecture greatly expands the range of possible edits and includes precise substitutions, small
insertions, and deletions. As a result, prime editing has become especially attractive for modeling
pathogenic variants and correcting disease-associated mutations with improved control over
editing outcomes (Anzalone et al., 2019; Chen & Liu, 2023; Zhao et al., 2023; Lee et al., 2025).

At the same time, RNA editing has emerged as a complementary approach that shifts
intervention from the genome to the transcriptome. Rather than permanently modifying DNA,
RNA editing operates post-transcriptionally and therefore offers a reversible form of molecular
correction. Current systems include ADAR-mediated editing, CRISPR-Casl3-based methods,
antisense-guided approaches, and related programmable RNA-targeting strategies. Because
edited transcripts are naturally degraded over time, RNA editing may be advantageous in settings
where transient regulation is preferred or where permanent genome alteration raises safety
concerns. This reversibility makes RNA editing particularly appealing for neurological disorders,
immune diseases, and other contexts in which fine control over duration and dosage may be
clinically important (Cox et al., 2017; Booth et al., 2023; Lo et al., 2022; Yang & Patel, 2024) (Fig

1).
1. Prime editing 2. RNA editing 3. Programmable integration
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Figure 1. The post-CRISPR toolkit: from DNA cleavage to precise rewriting, reversible transcript

—/

correction, and targeted integration. The figure contrasts conventional CRISPR-Cas9, which
depends on double-strand DNA breaks and endogenous repair, with three newer editing

modalities. Prime editing enables precise DNA sequence rewriting without double-strand
breaks; RNA editing provides reversible correction at the transcript level; and programmable
integration supports targeted insertion of larger genetic payloads. Together, these platforms
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extend genome engineering beyond nuclease-mediated cutting toward more precise, modular,
and clinically adaptable interventions.

A further frontier in the post-CRISPR landscape is programmable integration, which addresses
one of the most persistent challenges in genome engineering: the efficient and targeted insertion
of large DNA cargos. Conventional knock-in strategies based on homology-directed repair are
often inefficient and highly context dependent. In contrast, newer systems such as PASTE integrate
the targeting ability of CRISPR with reverse transcription and serine integrases to enable large,
site-specific DNA insertion without double-strand DNA cleavage. Related developments in CRISPR-
associated transposons and other large-sequence insertion technologies further expand the
possibilities for gene replacement, multiplex engineering, and synthetic biology applications
(Yarnall et al., 2023; Wang et al., 2023; Chen et al., 2024). Collectively, prime editing, RNA editing,
and programmable integration do not replace CRISPR; rather, they extend its legacy into a more
precise, modular, and clinically adaptable framework for next-generation genetic medicine
(Yarnall et al., 2023; Wang et al., 2023; Hsieh & Peters, 2024).

Why the field moved beyond double-strand breaks
Limits of the first-generation editing paradigm

The earliest wave of CRISPR engineering was powered by a simple and powerful idea: create a
site-specific DNA break, then allow the cell to repair it. That logic remains useful for gene
disruption and for some knock-in workflows, yet it places the biological outcome under the partial
control of endogenous repair pathways that differ by cell type, cell-cycle state, chromatin
environment, and disease context. In practice, the same nuclease can generate multiple repair
products, producing heterogeneous alleles within a single sample. This variability complicates
disease modeling, weakens therapeutic consistency, and raises the burden of downstream
molecular characterization. The field therefore began to seek editing systems that would preserve
programmability while reducing dependence on unpredictable repair outcomes (Anzalone et al.,
2019; Bennett et al., 2020).

The move beyond double-strand breaks also reflects a safety argument. DNA cleavage can
trigger p53 activation, chromosomal translocations, large deletions, and rearrangements that are
difficult to detect with short-read assays alone. In research settings, these issues may be
manageable through careful screening. In therapeutic settings, however, every additional layer of
uncertainty becomes a translational obstacle. Precision medicine increasingly requires not only
that an editor reaches the intended site, but also that it does so with a defined product spectrum,
a predictable dose response, and a risk profile compatible with long-term follow-up. Post-CRISPR
systems respond to this need by reframing genome engineering as targeted writing, transcript
correction, or guided integration rather than as cleavage alone (Bennett et al., 2020; Yu et al.,,
2020).

Conceptually, this shift broadens what counts as an editing event. A desired intervention may
involve replacing one pathogenic base, restoring a transient RNA transcript, or inserting an intact
regulatory cassette at a genomic safe harbor. These goals demand different molecular machines.
The post-CRISPR toolkit therefore represents diversification rather than replacement: classical
CRISPR remains valuable, but it is increasingly joined by specialized platforms designed for higher
precision, reversibility, or larger genetic payloads.

Prime editing
Core molecular logic and modular design

Prime editing is frequently described as a search-and-replace strategy because it couples
sequence recognition to local DNA synthesis rather than to blunt cutting. The canonical system
combines a Cas9 nickase with a reverse transcriptase and uses a prime editing guide RNA, or
pegRNA, to specify both the genomic target and the intended edit. After the nickase creates a
single-strand break, the exposed DNA end hybridizes to a primer-binding sequence within the
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pegRNA, enabling the reverse transcriptase to copy the desired edit into DNA. Cellular flap
resolution and mismatch processing then help convert the intermediate into a stable edited
product. This architecture expands the editable space beyond simple disruption and enables
substitutions, small insertions, and small deletions within one programmable framework
(Anzalone et al., 2019; Chen & Liu, 2023).

A central strength of prime editing is that its information content is distributed across several
tunable components. The spacer directs target recognition, the primer-binding site affects
initiation efficiency, the reverse-transcription template encodes the new sequence, and additional
nicking strategies can bias repair toward the edited strand. Because the edit is explicitly written
into the pegRNA, prime editing offers a conceptual advantage for precise variant installation.
Researchers can test disease alleles, correct pathogenic mutations, or introduce synonymous
changes that prevent recutting, all without requiring an external donor template. In that sense,
prime editing occupies a middle ground between base editing and homology-directed repair,
combining greater edit versatility than the former with less reliance on double-strand repair than
the latter.

The modularity of prime editing also makes it an engineering platform rather than a single
reagent. Laboratories routinely optimize pegRNA architecture, scaffold stability, expression
cassette design, and nicking configuration to improve activity in specific cells. This modular
behavior explains why prime editing has progressed rapidly: every part of the system can be
refined independently while the overall logic remains intact.

Figure 2. Molecular mechanism and component architecture of prime editing
A Prime editing complex bound to target DNA B pegRNA architecture
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Figure 2. Molecular mechanism and component architecture of prime editing.
Prime editing uses a Cas9 nickase fused to reverse transcriptase (RT) together with a prime editing
guide RNA (pegRNA) to install precise sequence changes without creating a double-strand break.
The pegRNA contains a targeting spacer, scaffold, primer binding site (PBS), and reverse
transcription template (RTT), which together guide recognition of the genomic target and
encoding of the intended edit. Following nicking, the exposed DNA end hybridizes to the PBS,
reverse transcription copies the RTT into DNA, and flap resolution plus repair pathways produce
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the edited sequence. An optional PE3 strategy introduces a second nick on the non-edited strand
to improve efficiency.

Prime editing

pegRNA architecture, repair bias, and product purity

The pegRNA is more than a targeting guide; it is the central instruction set of prime editing.
Small changes in primer-binding-site length, reverse-transcription-template sequence, and local
secondary structure can substantially alter editing efficiency. If the primer-binding region is too
short, annealing may be unstable. If it is too long, productive extension can decrease. Likewise,
the reverse-transcription template must encode the desired product while minimizing sequence
features that favor mispriming, hairpin formation, or unintended by-products. Because these
variables depend on local sequence context, pegRNA design remains partly empirical even as
computational tools improve (Adikusuma et al., 2021; Chen & Liu, 2023; Lee et al., 2025).

A second determinant is how the cell resolves the DNA intermediates created during prime
editing. After reverse transcription, the locus contains competing 3-prime and 5-prime flaps that
must be processed. The balance between edited and unedited outcomes depends on
endonuclease activity, mismatch repair status, and the timing of nicking on the non-edited strand.
Strategies such as PE3 and related variants introduce a second nick to encourage fixation of the
edited sequence, but this can also increase unwanted insertions or deletions if timing and
geometry are suboptimal. Product purity therefore becomes as important as gross efficiency,
especially when prime editing is developed for therapeutic use.

These design considerations have practical consequences for review writing and for
experimental planning. A locus that appears theoretically editable may still require multiple
pegRNA iterations before acceptable performance is achieved. For this reason, the modern prime-
editing workflow often combines computational design, pooled screening, and deep sequencing.
The best-performing editor is rarely the first design on paper; it is the result of iterative tuning that
balances activity, specificity, and manufacturability.

Prime editing
Platform variants and performance tuning

After the initial disclosure of prime editing, numerous variants were developed to improve
efficiency, broaden targeting scope, and simplify delivery. Some designs enhance reverse-
transcriptase performance or stabilize pegRNA structure, whereas others modify the Cas protein
to recognize a wider set of protospacer-adjacent motifs. Additional versions alter the relationship
between nicking and flap resolution, aiming to improve installation of challenging edits or reduce
indel formation. Collectively, these variants show that prime editing is not a static method but an
evolving family of tools tailored to different sequence contexts and biological systems (Scholefield
& Harrison, 2021; Zhao et al., 2023; Zeng et al., 2024).

Performance tuning usually involves several layers. At the protein level, codon optimization,
linker architecture, nuclear localization signals, and promoter choice can affect editor abundance
and intracellular trafficking. At the RNA level, pegRNA stabilization motifs, chemically protected
ends, or expression from alternative transcription systems may improve persistence and folding.
At the cellular level, transient modulation of mismatch repair, chromatin accessibility, or cell-cycle
state can reshape the editing landscape. The most successful protocols therefore integrate
molecular design with cell biology rather than treating the editor as an isolated reagent.

An important lesson from these improvements is that apparent inefficiency often reflects a
mismatch between editor architecture and biological context. A prime editor that performs well
in immortalized cell lines may not transfer directly to stem cells, primary hepatocytes, or
differentiated neurons. Consequently, variant selection should be guided by the intended
endpoint. Disease modeling may prioritize speed and multiplexability, whereas therapeutic
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correction may prioritize product purity, dose minimization, and compatibility with clinically
realistic delivery platforms.

Prime editing

Delivery strategies for experimental and therapeutic use

Delivery remains one of the main determinants of whether prime editing stays a laboratory
method or becomes a widely deployable therapeutic modality. The prime editor protein is large,
the pegRNA is structurally elaborate, and many target tissues are difficult to transfect. Plasmid
delivery is convenient for cell culture but poorly suited to clinical use. Viral vectors can improve
tissue access, yet cargo limits and prolonged expression may create new problems. For these
reasons, the field is actively comparing DNA, mRNA, ribonucleoprotein, and hybrid delivery
formats in pursuit of the best balance between potency and control (Herrera-Barrera et al., 2023;
Masarwy et al., 2024; Zeng et al., 2024).

In ex vivo workflows, electroporation of mRNA and synthetic guide molecules offers an
attractive compromise because it can generate high transient expression while limiting prolonged
editor activity. This format is especially appealing for hematopoietic or immune-cell engineering,
where edited cells can be quality controlled before reinfusion. In vivo delivery is more demanding.
Dual-vector systems, split editors, virus-like particles, and lipid nanoparticles are all under
investigation as ways to move large editors into clinically relevant tissues. Each route changes the
risk profile. Longer expression windows may improve conversion at difficult loci, but they can also
increase off-target exposure or immune recognition.

Delivery challenges also shape which diseases are currently realistic targets. Liver-directed
applications benefit from a relatively mature nucleic-acid delivery ecosystem, whereas the central
nervous system, muscle, and lung still pose substantial barriers. As a result, the progress of prime
editing will depend not only on enzyme design but also on the parallel maturation of tissue-specific
delivery technologies and manufacturing methods that can reproducibly package complex editor
systems at scale.

Prime editing
Research applications and therapeutic prospects

Prime editing is especially powerful in settings where investigators need exact alleles rather
than approximate perturbations. In functional genomics, the system can introduce clinically
observed point mutations, revert them to wild type, or create matched coding and noncoding
variants for causal testing. Because the edit is defined at nucleotide resolution, prime editing
supports cleaner genotype-phenotype comparisons than conventional knockout approaches. It is
therefore well suited to studying regulatory elements, splice junctions, enhancer grammar, and
pathogenic missense variation that cannot be captured by complete gene disruption (Chen & Liu,
2023; Newby & Liu, 2021; Lee et al., 2025).

Therapeutically, prime editing is attractive because many inherited disorders are driven by
relatively small sequence changes. A tool capable of installing precise substitutions or short
corrective insertions could in principle address large classes of monogenic disease without the
unpredictability associated with double-strand-break repair. The approach may be especially
valuable when the goal is to restore normal gene function while preserving endogenous
regulation. Instead of adding an extra cDNA copy under an artificial promoter, prime editing can
potentially repair the native locus and maintain physiological expression patterns across
development and tissue states.

At the same time, translational optimism must be matched by realistic appraisal. Editing
efficiency thresholds differ by disease, with some disorders requiring correction in only a small
fraction of cells and others demanding broad tissue coverage. Product purity, by-product
characterization, re-dosing feasibility, and long-term surveillance will determine where prime
editing first succeeds clinically. Even so, its conceptual fit with precision medicine is unusually
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strong: it promises not merely to disable genes, but to write specific therapeutic sequences into
their natural genomic context.

RNA editing

Reversible correction at the transcript level

RNA editing occupies a distinctive place in the post-CRISPR toolkit because it targets gene
expression after transcription rather than altering the underlying genome. This makes the
intervention inherently reversible. Edited transcripts are diluted by RNA turnover, allowing
clinicians and researchers to modulate effect duration through delivery schedule rather than
permanent DNA change. Such reversibility can be an advantage when the safety of lifelong
genome modification is uncertain or when transient correction is sufficient to achieve therapeutic
benefit. It also offers a valuable experimental strategy for probing gene function without creating
irreversible genomic scars (Booth et al., 2023; Lo et al., 2022; Khosravi & Jantsch, 2021).

The best-studied programmable RNA editing systems often build on adenosine deaminases
acting on RNA, especially ADAR enzymes, which catalyze adenosine-to-inosine conversion in
double-stranded RNA contexts. Because inosine is read as guanosine by cellular machinery, this
chemistry can recode selected bases in transcripts, restore protein function, or modulate splice
patterns. Other approaches enlist CRISPR-associated RNA-targeting proteins, antisense
oligonucleotides, or engineered recruitment scaffolds to position catalytic domains near a chosen
transcript. Together, these strategies broaden the definition of therapeutic editing from
permanent rewriting to controlled transcript remodeling (Cox et al., 2017; Aquino-Jarquin, 2020;
Chen et al., 2019).

The transcript-level focus of RNA editing changes both the opportunity and the limitation
profile. Repeated dosing may be required, but reversibility may reduce concern about irreversible
off-target damage. The most suitable indications are therefore not always the same as those for
DNA editing. Disorders involving dosage-sensitive proteins, episodic pathology, or tissues where
permanent DNA editing remains difficult may particularly benefit from RNA-based correction
strategies.

RNA editing
ADAR recruitment systems and evolving design principles

Programmable ADAR recruitment has become a leading strategy for transcriptome editing
because it builds on a catalytic activity that already exists in mammalian cells. One design
philosophy uses engineered guide RNAs or antisense molecules to create the double-stranded
RNA structures that ADAR prefers. Another attaches ADAR catalytic domains to programmable
RNA-binding proteins, thereby improving target selectivity and local concentration. In both cases,
the key design challenge is to create enough pairing or recruitment to support efficient
deamination while avoiding excessive editing of nearby adenosines. Precision is therefore a
function of both chemistry and RNA structure (Aquino-Jarquin, 2020; Tang et al., 2021; Booth et
al., 2023).

Guide design in RNA editing differs from guide design in DNA editing because the target is
dynamic. Transcript abundance, isoform diversity, splicing status, RNA localization, and secondary
structure all influence accessibility. An editable codon in one isoform may be effectively invisible
in another, and a guide that performs well in overexpression systems may underperform against
endogenous transcripts. Successful RNA editing platforms must therefore account for transcript
biology rather than relying only on genomic sequence. This requirement has encouraged the
integration of transcriptome mapping, isoform-aware design, and structure-informed prediction
into RNA-editing workflows.

A further consideration is catalytic scope. Classical ADAR-mediated editing is strongest for A-
to-l conversion, which is powerful but not universal. As the field matures, investigators are
expanding the range of programmable RNA chemistries and improving the controllability of ADAR-
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based systems with inducible expression, localization signals, and context-sensitive guide
architectures. These advances suggest that RNA editing may evolve from a niche complement to
DNA editing into an independent therapeutic platform with its own best-practice design rules.
RNA editing

Cas13 and broader programmable RNA targeting

CRISPR-Cas13 systems expanded the RNA-engineering field by providing a programmable
protein scaffold that naturally recognizes RNA rather than DNA. When catalytically active, Cas13
can cleave targeted transcripts and support knockdown applications. When catalytically altered or
fused to effector domains, the same targeting logic can be repurposed for transcript editing, base
conversion, splicing modulation, localization studies, and RNA imaging. This versatility makes
Cas13 an important conceptual bridge between genome editing and transcript engineering,
showing that CRISPR principles can be translated into RNA space without relying on DNA cleavage
(Coxetal., 2017; Xu et al., 2021; Yang & Patel, 2024).

For therapeutic purposes, Cas13-based systems offer several advantages. The guide rules are
intuitive, target choice can be highly flexible, and transcript-specific intervention may help
distinguish pathogenic isoforms from beneficial ones. However, RNA targeting also introduces
distinctive concerns. Some Cas13 proteins display collateral RNA cleavage in certain contexts, and
even when collateral effects are minimized, prolonged expression may alter endogenous RNA
surveillance pathways or innate immune sensing. Engineering efforts therefore focus on protein
selection, catalytic tuning, guide design, and delivery format to preserve the strengths of RNA
targeting while avoiding global transcriptome disruption.

The broader significance of Casl3 is that it opens a continuum of RNA interventions. A
researcher may silence a transcript, recruit an editor, manipulate a splice decision, or track RNA
localization using related molecular logic. In this way, Cas13 helps define the post-CRISPR era not
simply as a set of replacement editors, but as a toolkit of specialized programmable biomolecular
functions.

RNA editing
Clinical opportunities, dosing logic, and practical limits

The reversibility of RNA editing is often described as a safety feature, but it is equally a
pharmacological feature. Because edited transcripts decay, therapeutic effect depends on
expression kinetics, redosing schedule, and tissue turnover. This property may be advantageous
for diseases in which the treatment window is episodic, developmental timing matters, or long-
term constitutive editing could become harmful. Neurological disorders, inflammatory conditions,
and some retinal diseases are frequently discussed in this context because transient adjustment
of a transcript or protein may be clinically meaningful even if genomic correction remains out of
reach (Booth et al., 2023; Khosravi & Jantsch, 2021; Yu et al., 2024).

Yet reversibility also imposes practical constraints. Chronic dosing may be necessary, delivery
vehicles must be compatible with repeat administration, and therapeutic thresholds may fluctuate
with transcript abundance. RNA editing may therefore resemble biologic therapy more than one-
time gene correction in certain indications. This changes how efficacy should be measured:
durable clinical benefit may still be possible, but it may depend on treatment schedules rather
than permanent molecular conversion. Regulatory evaluation will likewise need to consider both
editing specificity and exposure management over time.

The future clinical role of RNA editing will probably be defined by fit-for-purpose use cases. It
is unlikely to replace permanent DNA correction where a single durable intervention is feasible
and safe. Instead, it may excel where precision, reversibility, isoform selectivity, or tissue
constraints make transcriptome targeting the more rational therapeutic choice.
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Programmable integration
Why large-payload insertion is a distinct engineering problem

Correcting a point mutation and installing an intact therapeutic cassette are fundamentally
different problems. Small edits can often be written locally, but large-sequence insertion requires
precise handling of extensive DNA payloads, maintenance of orientation, and protection from
rearrangement or truncation. Classical homology-directed knock-in strategies can achieve these
goals, yet efficiency is often low and strongly dependent on cell state. Nondividing cells are
especially challenging, and donor-template management adds additional complexity. For this
reason, programmable integration has emerged as a separate frontier within the post-CRISPR
landscape rather than as a mere extension of standard editing workflows (Wang et al., 2023; Chen
et al.,, 2024; Yarnall et al., 2023).

The appeal of programmable integration is obvious. Many therapeutic and synthetic-biology
applications require the addition of more than a few corrected bases. Researchers may need to
insert full-length cDNAs, regulatory elements, biosensors, landing pads, recombinase targets, or
multiplexed genetic circuits. These applications demand systems that can move beyond repair-
template reliance and deliver larger genetic information in a controlled, site-specific way.
Importantly, the desired insertion site may be chosen for safety, expression stability, or chromatin
accessibility rather than because it contains a disease-causing mutation. Large-payload insertion
therefore expands gene editing from repair toward genomic programming.

In practical terms, programmable integration is central to next-generation cell therapy,
synthetic biology, and durable gene replacement. A field that can only cut or make small edits
remains limited. A field that can place sizable functional modules at defined loci begins to
resemble a true genomic engineering discipline.

Programmable integration
PASTE and integrase-coupled insertion strategies

PASTE exemplifies the idea that targeted integration can be decomposed into specialized
steps. Rather than depending on double-strand-break repair, the system couples programmable
targeting with reverse transcription and serine integrase function so that a genomic landing
sequence can be installed and then used to mediate cargo insertion. The conceptual importance
of this design is substantial. It treats targeted insertion not as an accidental outcome of cellular
repair, but as an orchestrated sequence of enzymatic actions in which recognition, writing, and
integration are distributed across modules with distinct roles (Yarnall et al., 2023; Hosur et al.,
2022).

This modularity creates several benefits. Large cargo insertion becomes less dependent on
homology-directed repair, the insertion step can be more explicitly controlled, and the design can
in principle be adapted to different payload sizes or genomic contexts. It also offers a path toward
cleaner engineering logic: first specify where the genome should accept a payload, then use an
integration chemistry optimized for that task. For therapeutic development, that separation is
attractive because it allows each step to be measured, improved, and regulated independently. It
may also support safer installation of cassettes at predefined genomic sites that are selected for
expression stability and minimized disruption of endogenous genes.

Challenges remain, including total cargo handling, delivery complexity, and the need to
characterize rare rearrangements or partial integrations. Nevertheless, integrase-coupled
strategies illustrate a broader trend in post-CRISPR engineering: the most difficult tasks are
increasingly solved by combining multiple molecular functions rather than expecting one nuclease
to do everything.

269




I Proceedings of the 13th International Scientific Conference

Programmable integration
CRISPR-associated transposons and related insertion systems

CRISPR-associated transposon systems offer another route to programmable integration by
linking guide-directed targeting to transposition machinery. In contrast to repair-template-
dependent knock-in, these systems draw inspiration from naturally mobile genetic elements that
can move DNA cargo with their own enzymatic logic. Their emergence has energized the field
because they suggest that insertion can be encoded as a native biological process rather than as
a forced outcome of host repair. If sufficiently refined, such systems could provide robust ways to
install larger sequences in contexts where homologous recombination performs poorly (Hsieh &
Peters, 2024; Witte et al., 2025).

However, transposon-derived systems also raise distinctive design questions. Researchers
must control target-site selection, insertion orientation, cargo boundaries, and genomic
neighborhood effects. Some systems perform well in prokaryotic settings but require substantial
adaptation for mammalian use. Others face challenges in cargo size, precision, or component
complexity. Even so, CRISPR-associated transposons have already changed the conceptual
landscape by demonstrating that programmable insertion is not limited to one molecular
blueprint. They expand the menu of possible integration chemistries and encourage parallel
exploration of multiple insertion paradigms.

For review authors, the key point is not that one platform has already solved all insertion
challenges, but that the problem has moved into a tractable engineering domain. Large-payload
insertion is now being approached with integrases, transposases, landing-pad strategies, and
hybrid systems. This plurality will likely persist, with different insertion tools maturing for different
tissues, cargo sizes, and translational constraints.

Figure 3. Mechanistic routes for precise rewriting, reversible recoding, and targeted genomic installation
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Figure 3 illustrates three mechanistically distinct post-CRISPR editing routes. In prime editing,
a Cas9 nickase—reverse transcriptase complex uses a pegRNA containing a spacer, primer-binding
site (PBS), and reverse-transcription template (RTT) to install defined sequence changes after
single-strand nicking, primer annealing, reverse transcription, flap resolution, and mismatch
repair. In RNA editing, programmable ADAR- or Cas13-based systems target RNA rather than DNA,
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enabling reversible transcript recoding through adenosine-to-inosine conversion, altered protein
output or splice behavior, and natural signal loss through RNA turnover. In programmable
integration, the figure depicts both a PASTE-like route, in which a landing site is installed and then
used for serine integrase-mediated cargo insertion, and a CRISPR-associated transposon route, in
which guide-directed transposition machinery inserts a larger DNA payload into a defined genomic
locus. The bottom comparison strip distinguishes permanent DNA rewriting, transient RNA
correction, and permanent large-payload DNA insertion.

Comparative perspective

Choosing among prime editing, RNA editing, and programmable integration

The post-CRISPR toolkit should not be evaluated as a competition with a single winner. Each
platform is optimized for a different class of biological problem. Prime editing is strongest when
the goal is to install defined small sequence changes in DNA. RNA editing is most compelling when
reversible, transcript-specific correction is preferred. Programmable integration becomes
essential when therapeutic benefit depends on delivering large genetic payloads or durable
synthetic modules. Selecting the appropriate tool therefore begins with a clear statement of the
desired biological outcome rather than with loyalty to a particular molecular technology (Chen &
Liu, 2023; Booth et al., 2023; Wang et al., 2023).

This comparative view also changes how success is measured. For prime editing, efficiency and
product purity at nucleotide resolution are central. For RNA editing, duration, redosing logic,
isoform specificity, and transcriptome-wide selectivity may be equally important. For
programmable integration, cargo integrity, site specificity, copy number control, and long-term
expression stability become defining parameters. A platform that appears inferior by one metric
may still be superior for the intended indication because the therapeutic question itself is
different. Precision medicine will likely depend on matching editor class to disease architecture
rather than forcing all diseases into one editing template.

The most mature translational pipelines may ultimately combine these tools. A program might
use prime editing to repair a pathogenic allele ex vivo, RNA editing to fine-tune a dosage-sensitive
pathway during development, and programmable integration to install durable regulatory
modules in engineered cell products. The post-CRISPR era is therefore best understood as an
expansion of options that enables more rational intervention design.

Safety and specificity
Off-target activity, cellular stress, and immune recognition

Every editing platform introduces a characteristic safety profile, and those profiles are not
interchangeable. Prime editing reduces some risks associated with double-strand breaks, yet it can
still produce unintended edits, indels, or low-frequency by-products depending on pegRNA design
and repair context. RNA editing avoids permanent DNA alteration, but it must contend with
transcriptome-wide selectivity, guide-dependent misediting, and repeated exposure.
Programmable integration promises durable installation of larger cargos, but it also demands
rigorous assessment of insertion fidelity, payload integrity, and rare structural outcomes. Safety
review in the post-CRISPR era therefore requires platform-specific rather than generic thinking
(Bennett et al., 2020; Yu et al., 2020; Masarwy et al., 2024).

Cellular responses add another layer of complexity. Exogenous proteins, guide RNAs, delivery
vehicles, and nucleic-acid intermediates can activate innate immune pathways or stress
responses. Even when target editing is accurate, inflammatory signaling or growth disadvantage
in edited cells may shape the eventual outcome. Long-lived tissues raise further questions about
persistence, clonal selection, and surveillance. Consequently, preclinical development increasingly
depends on orthogonal assays that measure not only editing at the intended locus but also
transcriptional perturbation, chromosomal integrity, immunogenicity, and functional cell state
after editing.
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A mature safety framework should therefore combine mechanism-aware design with layered
monitoring. The aim is not simply to detect problems after they occur, but to choose editor
architectures and delivery schedules that make problematic outcomes less likely from the outset.
Such thinking will be essential if post-CRISPR tools are to move from powerful demonstrations to
dependable clinical products.

Translation and regulation
Manufacturing, quality control, and clinical development

The translational bottleneck for advanced editors is not only whether they work, but whether
they can be manufactured, characterized, and deployed reproducibly. Prime editors, RNA editors,
and programmable integration systems often require large proteins, structured RNAs, multipart
delivery formulations, or donor cargos that complicate production. Clinical development will
therefore depend on scalable manufacturing processes for nucleic acids, viral systems,
nanoparticles, and ex vivo cell products, together with release assays that reflect true biological
function rather than simple component abundance (Herrera-Barrera et al., 2023; Masarwy et al.,
2024; Witte et al., 2025).

Quality control becomes especially demanding when the editor itself is modular. It may be
necessary to characterize guide integrity, protein purity, formulation stability, packaging
heterogeneity, and batch-to-batch consistency while also demonstrating locus-level editing
performance in relevant cells. Regulators will likely expect evidence that critical quality attributes
are linked to clinically meaningful outcomes, including editing precision, absence of major
structural abnormalities, and predictable durability of effect. As more programs enter
development, standardization of analytical pipelines will become as important as innovation in
editor chemistry.

Regulatory frameworks may evolve differently for permanent and reversible platforms. A one-
time genomic intervention invites long-term follow-up centered on durability and late-emerging
risk, whereas a repeat-dose RNA-editing therapy may resemble advanced pharmacology with
cumulative exposure management. Successful translation will therefore require not just better
editors, but clearer regulatory logic tailored to the biological permanence of each platform.
Applications beyond therapy
Functional genomics, synthetic biology, agriculture, and biotechnology

Although therapeutic gene correction is the most visible driver of post-CRISPR innovation,
these tools are equally important outside clinical medicine. In functional genomics, prime editing
enables precise saturation mutagenesis and cleaner causal testing of coding and regulatory
variants. RNA editing can transiently perturb transcripts to study timing-sensitive processes,
dosage effects, and isoform-specific biology. Programmable integration supports the installation
of reporters, barcodes, landing pads, and synthetic circuits that make cellular systems more
measurable and more engineerable. Together, these methods increase the experimental
resolution with which genotype can be linked to phenotype (Rees & Liu, 2018; Gaudellietal., 2017,
Adikusuma et al., 2021).

In synthetic biology, programmable integration is particularly transformative because it allows
researchers to build durable genetic logic into cells. Engineered immune cells, microbial chassis,
or stem-cell-derived models may all benefit from defined insertion of sensing modules, memory
circuits, or therapeutic payloads at locations chosen for predictable expression. Prime editing
complements these efforts by refining circuit components or tuning regulatory elements without
disturbing the broader construct architecture. RNA editing, meanwhile, offers an appealing
control layer for reversible, state-dependent modulation of engineered programs (Yarnall et al.,
2023; Hsieh & Peters, 2024).

Agriculture and industrial biotechnology also stand to benefit. Crop traits often involve
complex combinations of promoter variants, coding changes, and transgene insertion needs that
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cannot be addressed by one editing mode alone. Post-CRISPR platforms therefore broaden the
design space for trait stacking, stress tolerance, metabolic optimization, and precision breeding
while offering new ways to balance durability, regulatory acceptance, and trait specificity.

Future directions

Convergence, smarter design, and next-generation precision medicine

A defining feature of the next phase of genome engineering will likely be convergence. Prime
editing, RNA editing, and programmable integration are often presented as separate technologies,
yet future therapeutic systems may combine their logic in staged or layered interventions. A
patient-specific treatment could use one platform to install a landing site, another to tune
expression during a vulnerable developmental window, and a third to maintain long-term
correction with minimal genomic disruption. The more these tools mature, the more treatment
design will resemble systems engineering rather than single-enzyme deployment (Lee et al., 2025;
Zeng et al., 2024; Yang & Patel, 2024; Witte et al., 2025).

Computational design will also become increasingly central. Predictive models for pegRNA
performance, RNA accessibility, integration outcomes, chromatin context, and immunogenicity
can shorten development cycles and reduce empirical trial-and-error. Machine learning will not
replace molecular experimentation, but it can prioritize better candidates, reveal hidden
determinants of success, and help match editor architectures to tissue- and disease-specific
constraints. In that sense, the future of post-CRISPR engineering lies as much in design intelligence
as in protein evolution.

Ultimately, the significance of the post-CRISPR toolkit is strategic. It frees precision medicine
from the assumption that every genetic problem should be solved by cutting DNA. Instead,
researchers can choose among rewriting, reversible transcript correction, and guided installation
of larger payloads. This expanded repertoire is likely to define the next generation of functional
genomics and gene therapy.

Conclusion
From gene cutting to programmable biological control

The post-CRISPR toolkit marks a transition from first-generation editing, which was dominated
by programmable cleavage, to a broader era of programmable biological control. Prime editing
offers a route to precise sequence rewriting without conventional double-strand-break
dependence. RNA editing brings reversible transcript correction into the therapeutic and
experimental mainstream. Programmable integration addresses the long-standing challenge of
targeted installation of larger genetic payloads. Each platform solves a different problem, and
together they transform what investigators can reasonably attempt in genome engineering
(Anzalone et al., 2019; Cox et al., 2017; Yarnall et al., 2023).

This transition is important not only because the tools are more sophisticated, but because
they encourage more disciplined matching of molecular mechanism to biological objective. The
central question is no longer whether CRISPR can cut at a site of interest. It is whether a given
disease, cell type, developmental window, and therapeutic objective are best served by
permanent genomic rewriting, transient transcript correction, or site-specific genetic installation.
That shift in framing is what makes the post-CRISPR era qualitatively different from the one that
preceded it.

As delivery methods improve, analytical standards mature, and regulatory experience
accumulates, the tools discussed in this review are likely to move from emerging platforms to
foundational modalities. Their long-term impact will be measured by how effectively they enable
safer, more precise, and more adaptable interventions across medicine, agriculture, and
biotechnology.
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BAYbIPMEH OPFAJTAYLUBIJTAPLIbIH
[TAPR AYMATFbIHOA TAPATY EPEKLLEAITI

N6apat O.H.
«Cblpmapua-TypkictaH MOTIM» KMM, TypkictaH obabicbl, KasakcTaH

Makanada Ceipdapua-TypKicmaH memaekemmik eHipaik mabufu NApKiHiH aymarsiHOQ
mapanfaH 6ayblpbIMeH XOopFanaywslnapobiH mypaik Kypamel MeH mapany epeKkwesnikmepi
KapacmelpeinfaH. [1apk aymMafbiHblH Mabufu-kaumammelK xafoalianapsl, AaHOWAGMMoIK
epexkwenikmepi HaHe o0n1apobiH OayblpbiMeH XOopFanaywelnapobiH Mmipwinik emyiHe acepi
cunammansaH. 3epmmey 6apbICbIHOa wenelim, e3eH #aliblAMACsl XaHe maysnel alimakmapoa
Kez0ecemiH Hezi32i mypsep aHbIKMAsbin, 0a1apObIH MApPaAnyblHA bIKNGs ememiH 3K0102UASbIK
pakmopaap mandaHObl. COHbIMEH Kamap 6aybipbiMeH #¥OpFanayublanaposl KOpFay MeH cakmay
wapanapsiHelH MaHbI30blAbIF6l  Kepcemindi. 3epmmey Hamuxcesnepi NapK aymarblHOAFbl
buoanyaHmypninikmi cakmay xaHe mabufru sKoxcylienepoiH MypaKmelnblfblH KAMMAmMacsi3 emy
YWIiH FblabIiMu Hezi3 601a anaosl.

TyliH ce30ep: bayslpbimeH xopfranaywelnap, buoanyaHmypninik, Coipoapua-TypKicmaH
MemMaekemmiKk eHipaiK mabufu  napki, 3axkoxcyle, mapany epeKkweniei, eepnemogayHad,
maburammel KopFay.

KasaKCcTaH ayMafblHAafbl epeklle KOopfanaTblH TabWfM almakTap OMoanyaHTypAiNiKT
CcaKTayZa MaHbi3apl pen aTtkapadbl. CoHblH iwiHAe Cebipaapua-TypKiCTaH MEMIEKETTIK BHipAiK
Tabusm napki TypKicTaH 0B/bICbIHbIH, Tabufn sKOXKYMenepiH Kopfayfa OafblTTanfaH ipi Tabun
aymakTapAblH 6ipi 60nbin Tabblnaapl. Mapk aymasbl CoipAapua ©3eHiHiH KalblIManapblH, LWWeNenT
KoHe Tayabl NaHawadTTapabl KamTuapl. byn alimakTap 6aybipbiMeH KopfanaywbliapabiH
KenTereH TYPAEpiHiH TiPLWIiNik eTyiHe KONanabl opTa KaAbiNTacTblipabl.

BaybipbiMeH opfanaywblnap — KOpLWafaH OpTa »KafAaWblHa eTe Ce3imTan OMbIPTKabl
*aHyapnap To6bl. OnapablH Tapanybl KAMMATTbIK *Kafdalnapfa, TONbIpaK KypamblHa, eCiMaiK
KaMbINFbICbIHA KaHe Cy Ke3aepiHiH 6onybiHa Tikenel 6aknaHbicTbl. COHAbBIKTAH Mapk
aymafblHAafbl  OayblpbIMEH KOpfanaywblNapablH Tapany epeklWeniktepiH 3epTtey Tabufu
IKOXKYMenepain, afaarblH 6afanayaa MaHbl34bl FblbIMKW HeTi3 6oNbIN caHanaabl.

MapK aymafblHblH TabUFK epekLLenikTepi

Cbipaapua-TypKicTaH MeMAeKeTTiK eHipaik Tabusn napki 2012 Kbiabl KypbiaFaH. Mapk
KypambiHa TypkictaH, Cbipaapus »aHe bopangan dunmangapsl Kipeai. Hannbl aymarbl WiamameH
120 mbiH rekTapaaH acagpl. lNapk aymasbiHaa ©3eH aHfapaapbl, TOFalabl OpMaHaap, KYMAbl KaHe
casapl WenenTTep, CoOHAaN-aK anaca Tay/bl amakTap Kesgeceq,.

ANMaKTbIH, KAMMATbI WYFblT KOHTUHEHTTIK, »Ka3bl bICTbIK 9pi KypPFaK, KbICbl CanbICTbipMabl
}ymcak 6onbin kKenedi. MyHAaM KAMMATTbIK Kafaannap OaybipbiMeH KopfanaylubliapabiH
benceHai TipwiniriHe Konamabl OpTa KasbiNTacTblpaAbl. OCipece KOKTEM MeH a3 MesrinaepiHae
onapablH, benceHainiri »)korapbl 6onaapl.

BayblpbIMeH »opfanaylblaapdbliH Tapany epeKklenikrepi

MapK aymafbiHAa 6OayblpbIMEH XOpFfanaywblnapabiH 3PTYPAI 3KONOTMANLIK TOMTapbl
TapanfaH. Onapfa KecipTkenep, KblnaHaap aHe Tacbakanap »katadbl. byn kaHyapnapabiH,
Tapanybl TabWFn OpTaHbIH epekLleniriHe Kapan esrepeji.

1. LenenT »aHe Kymabl aymakTap
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MapKTbIH, WeNenT arMMaKTapblHAa aramanap, Cyp KecipTKesnep XaHe SpTyp/Ai KbliaH
Typnepi KeH, TapanfaH. Kymapl Xepnep KyH COyNEeCiH aKCbl CaKTAMTbIHABIKTAH, CyblKKaHAbI
YaHyapnapAblH AeHe TemnepaTtypacblH peTTeyiHe mMymKiHAiK 6epeai. COHbIMEH KaTap CUpek
OCiMAiK *aMblINFbICbl 0/1APAbIH, KO3FalybiHa KOalbl XKafaan »Kacanabl.

2. ©3eH KalblAManapbl MeH ToFalabl anMaKkTap

Cbipaapua e3eHiHiH, Kafanaybl MeH TOfal/ibl afkanTapbiHAa blAFAACYUriW HayblpbiMeH
opfanaywbinap Kebipek Ke3sgecedi. byn  aymaktapaa cy  KblnaHgapbl MeH  Kenbip
KOCMEKeHiNepre *akblH TipLWINiK eTeTiH Typaep TapanfaH. ©3eH MaHblHAafbl KaiblH eCiMAaikTep
ONapAbl *KbIPTKbILWTapAaH KOpFanabl XXaHe KOPeK KOPbIH KamTamMachI3 eTes;.

3. TayAbl *XaHe TacTbl aMMaKTap

Bopangal »oTanapbl MeH TaCTaKTbl BHipAepAe *KapTacTbl MEKEHAENTIH KECIPTKEIEP Ui
Kesaecei. TacTbl *Kepaep KYHHIH *KblybIH Y3aK cakTanabl, COHAbIKTAH bya aimakTap 6aybipbiMeH
YKOpfanayLblnap yiiH TMiMai mekeH opTacbkl 60bin Tabblnaapi.

TapanyblHa acep eTeTiH dakTopnap

BayblpbIMeH KOpfanaylblNapablH, NApK aymafblHAa TapanyblHa bipHelle 3KONOTUANbIK,
daKkTOp acep eTen;:

*  ayaTemnepaTypacshl;

*  blAFaN MBJLEPI;

*  BCIMAIK *aMbINFbICbIHbIH, ThIfbI3bIfbl;
*  Cy Ke3aepiHiH 6oaybl;

®  QHTPOMOreHAiK acep;

*  KOPEeKTiK Ba3aHblH, XeTKiNiKTiAiri.

COHfbl KblNAapbl SKOTYPU3MHIH AaMybl MeH aZlaM 9PeKeTIHIH apTybl Kenbip Typaepain,
Tapany aiMafblHa Kepi acep eTyi MYMKIH eKeHAiri anTblayaa.

Kopfay *aHe caKTay wapanapsbl

MapK aymafblHA@ BMOaNyaHTYPAINIKTI caKTay MaKcaTblHAA TabuFaTTbl KOpFay ic-Lapanapsl
Kyprisineni. Epeklwe KopfanatblH Tabufu aymaK PexuMmi CUMpeK Ke3deceTiH XaHyapaapabl
KOpFayfa MYMKiHAIK 6epegi. COHbIMEH KaTap fbl/IbIMK MOHUTOPUHT MYMbICTaPbl KYPrisinin,
aHyapaap AYHUECIHIH MaycbIMAbIK e3repicTepi 6bakbliaHaabl.

BayblpbiMeH Kopfanaylblnap 3Koxyneaeri maHpi3abl OybiH 60sbin Tabbinaabl. Onap
YKOHAIKTEP MEH KeMiprilTepAiH CaHblH peTTeyre KaTbiCabl XaHe KenTereH *KblpTKbIL KaHyapaap
YLWiH KopeK Ke3i caHanaapbl. CoHAbIKTaH onapabl Kopfay Tabuen Tene-TeHAIKTI cakTayda MaHbI3abl
pen aTkapaapl.

BayblpmeH »opfanaywblnapdbiH Typaepi

MapK aymafbiHAa Ke3aeceTiH baybipbIMeH KopFanaylblnapablH Herisri Typaepi:

e KeJieC KecipTKecCi

®  Cyp KecCipTKe

e arama

e Oprta A3ua Tacbakacsl

*  OpHEeKTi Kapalwybap *KblnaH

e  capbibac »blnaH

®  OKJblaH

®  Cy XblnaHbl, rop3a (Ken aymakTapa Kesaecyi MyMKiH).
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Cypet 1. Kenec keceTkeci

Kenec — ipi kecipTkenepaiH, 6ipi. [leHeciHiH, y3bIHAbIFbI KYMpPbIFbiIMeH bipre 1 meTpre aemi
xeTeqi. Kymapl XKaHe WenenT xepnepae Tipwinik eteai. MoHAIKTeEpMeEH, yCaK KemipriluTepmeH
KopekTeHei. MNapkK aKoXKyMeciHAe 3MAHKECTEP CaHblH PeTTeyre KemeKTecei.

-

CypeT 2. OpHeKTi rdgépa-Luy6ap blnaH

Byn ynbl emec KblnaH Typi. [JeHeciHae Kapa AaKTbl epHekTepi 6bonaabl. KebiHece e3eH
MaHbl MeH LWenTecCiH Xepnepae Kesgecedi. YCak KemiprilulTEPMEH »KaHe KecCipTKe/lepMeH
KOopeKkTeHea,.

CypeT 3. OpT1a A3ns Tacbakracsl

Llen xaHe WenenT almakTapra benimaenreH Tacbaka Typi. Kabbifbl KaTTbl 9pi AGHrenek
niwiHai keneai. HerisiHeH ecimaiktepmeH KopeKkTeHedi. Kektemae 6enceHai 60abin, Ka3abiH
KaTTbl bICTbIFbIHAA iHIe TbIFbIbIM }KaTabl.

KopbITbIHAbI

KopbiTa anTkaHaa, Cbipaapua-TypKiCTaH MeMAEKeTTIK eHipiiK Tabufu napki aymafbl
OaybIpbIMEH OpfanayllblAapAblH TapanybiHa Konanabl Tabusu KelweHaepaiH, 6ipi 6oabin
Tabblnaabl. MapKTafbl apTypAi NaHAWATTbIK alMaKTap KenTereH TypAepAiH TipWwinik eTyiHe
MYMKIHAIK  6epeni. OnapAblH  Tapany epeKkWeniktepi KAMMATTbIK  KoHe  3KONOMMANbIK
aFdannapmeH Tbifbl3 6alnaHbICTbl. baybipbiMeH Kopfanaywblnapabl 3epTTey MeH Kopfay napk
SKOXKYMECiHIH, TypaKTbiNblFblH CaKTayfa XoHe OMoanyaHTYPAINIKTI KOpfayfa MaHbI3abl yiec
Kocaapl.

)
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Introduction. Proso millet (Panicum miliaceum L.) is one of the oldest crops used by
humans as food. It is a cereal plant belonging to the Poaceae family [1].

The origins of proso millet are linked to the early stages of agriculture. Proso millet was
first cultivated approximately 7,000 years ago in China and the Caucasus [2]. Proso millet was an
important element of ancient civilizations such as the Egyptian and Mediterranean [3]. In ancient
times, it was widely used as a primary food source for many peoples. The process of proso millet
domestication represents an evolutionary process through which the wild species of proso millet
(became cultivated and grown by humans to meet their nutritional needs) began to be cultivated.

The history of proso millet domestication can be divided into the following stages [4]:

- Selecting and collecting wild species: Ancient hunting and gathering societies began to
notice wild proso millet plants in their surroundings. Over time, they may have realized that the
seeds were edible.

- Selection: Humans began collecting seeds with the best characteristics, such as disease
resistance, high vyield, and other beneficial properties. This selection process led to the
development of different proso millet varieties more suitable for cultivation.

- Cultivation: With the development of agriculture, people began systematically growing
proso millet in their fields. This stage included choosing a planting site, applying fertilizers,
watering, and other methods to ensure a high yield.

- Use in everyday life: The successive stages of proso millet domestication have led to this
plant becoming an important food source in everyday life. The production of proso millet products
such as porridge, bread, and cereals, as well as its use in brewing, have made it an integral part of
the diet of many societies.

Proso millet is an annual plant with slender stems and linear leaves [5]. Proso millet grains
are round or oval in shape and are highly resistant to extreme climatic conditions. The plant can
adapt to various soil types, making it a valuable crop [6]. Stem height varies depending on the
variety and growing conditions, but typically ranges from 50 cm to 1 meter. The stems are covered
with narrow linear leaves. Proso millet leaves are linear, narrow, with a floating vein structure.
They are arranged along the stem, creating a green, pinnate plant. Proso millet root is a short
system that provides the plant with moisture and nutrients. Flowers can have various shades, such
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as green, red, or purple. Proso millet's primary agricultural value is in its grains: round or oval, they
can be white, yellow, or red, depending on the variety. They are rich in a variety of nutrients. Proso
millet grains are rich in carbohydrates, fiber, and protein. They also contain B vitamins, iron,
magnesium, and other minerals. This makes proso millet a valuable source of energy and nutrients
for humans. It's also worth noting that proso millet is virtually gluten-free, making it a
recommended food for people with celiac disease. a congenital disease that is caused by
intolerance to the protein of certain cereal crops [7].

Proso millet has a wide range of culinary uses. It is used to make porridge, flour, bread, and
other products. Proso millet is also used in the production of beverages such as beer.

Proso millet grains are considered a good fodder for poultry and livestock. Waste from the
grain processing process is also used as livestock feed.

The importance of proso millet is difficult to overestimate. This plant is an important food
source for many countries, especially in regions with unfavorable agricultural conditions. Due to
its high adaptability, proso millet has become an important human cereal, capable of growing in a
variety of agroclimatic zones, which is extremely relevant for the Republic of Kazakhstan with its
arid climate [8]. Proso millet can be sown late, at different periods. Moreover, few seeds are
required per unit of area. Proso millet is drought-resistant. Even in the driest years, proso millet
yields 12-15 centners of harvest per hectare, and the average vield reaches 25-38 centners. It is
easy to store and transport.

In 2020, the proso millet sown area in Kazakhstan amounted to 52,868.8 hectares. More
than half of this area was located in the Pavlodar region (27,973.6 hectares). Kostanay (9,267
hectares) and Aktobe regions (5,742 hectares) also ranked among the top three regions in terms
of sown and harvested proso millet areas. Currently, 22 proso millet varieties for grain and 13 for
feed have been approved for production in Kazakhstan. Varieties such as Barnaulskoye 98,
Omskoye 11, Saratovskoye 6, Shortandinskoye 6, Shortandinskoye 11, and Yarkoye 6 are dual-
purpose varieties suitable for both grain production and feed (green mass and hay) [8].

Proso millet (Panicum miliaceum L.) is one of the most drought-tolerant crops used in
agriculture for grain production [10]. It has several characteristics that make it quite drought-
resistant and adapted to cultivation in conditions of limited access to water:

- deep roots: Proso millet plants have the ability to develop a deep root system, which
helps them extract water from deeper soil layers. This allows the plant to survive and continue to
grow and develop during periods of drought.

- low water consumption: Like other cereals, proso millet is characterized by low water
consumption, which means that it requires relatively less water for its growth and development
compared to some other crops.

- short growing season: Proso millet has a relatively short growing season, meaning it's
more adaptable to growing in areas with limited water availability. This allows it to be used in
regions with short rainy seasons or harsh climates.

- ability to cope with periods without precipitation: in many regions where proso millet is
traditionally cultivated, periods without precipitations are not uncommon, and the crop copes
successfully with such conditions due to its drought resistance.

However, it must be remembered that although proso millet has some degree of drought
tolerance, its yield can still be highly dependent on water availability and other agronomic factors
such as soil fertility and agronomic practices [11].

Materials and Methods. For proso millet hybridization, seeds of 15 varieties were sown in
pots, 15 seeds per variety, with two duplicates. Hybridization was carried out throughout the
flowering phase, in July—August 2024.

Hybridization is an effective method for obtaining heterogeneous material for subsequent
selection and creation of varieties [12]. Proso millet is a self-pollinating plant. Currently, the
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following basic characteristics of proso millet flowering biology are adhered to during
hybridization: all normally developed and undamaged flowers bloom openly. Physiologically ready
for flowering buds that did not open due to unfavorable conditions bloom in the following days,
when optimal conditions arise. Based on a study of the biology of flowering and pollination of
proso millet, it was proposed to castrate proso millet flowers at the moment when the spikelet
and floral films of the flower open for flowering, and the anthers begin to release the stigma,
tightly adhering to them. Before starting hybridization, it should be taken into account that the
paternal plants should bloom 2-3 days earlier than the maternal plants. Hybridization of proso
millet should begin on the 2-3rd day after the onset of flowering, when the upper and middle parts
of the panicle have bloomed. The best time to castrate flowers is during the intense flowering
period of proso millet, from 8 a.m. to 11 or 12 p.m. Pollination of the flower must be carried out
very carefully to avoid damaging the stigma. After 3-4 days, the insulator is removed. The plant is
labeled, indicating the crossbreeding combination, date, and time of pollination [13]. After
reaching maturity, the percentage of grain formation is calculated based on the number of grains
formed.

Obtaining hybrid seeds in the field is time-consuming, and seed setting is dependent on
environmental conditions, complicating the pollination process due to the unique flowering
biology of proso millet. Conducting hybridization under controlled conditions increases the
efficiency of hybrid population production, thereby optimizing the breeding process regardless of
the conditions and location of the experiment. To synchronize flowering times, selected parental
forms with varying precocity were sown in pots on May 5, 15, and 25, taking into account the
predicted dates of flowering. For hybridization, 22 parental pairs of different origins were selected
and placed in pots at different times, taking into account the growing season of each genotype.

Results. As a result of hybridization, out of all the combinations carried out (Table 1), 22
were successful. A total of 908 pistils were pollinated and 175 hybrid grains were obtained, while
the percentage of setting was on average 18.4 %.
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Table 1 - Results of successful hybridization of proso millet varieties and samples

Combinations Number of castrated and | Number of set | Success
pollinated flowers, pcs. seeds, pcs rate, %
®Pl 211058x@FShortandinskoe | 45 12 26.6
7
®PI211058x@F Uralskoe 109 48 4 8.3
® K-3906x @A Saratovskoe 6 31 4 12.9
®Yarkoe 6x@FPI 211058 48 33 68.7
®Shortandinskoe 7x@'K-1474 42 16 38.10
®PI211058x@F Uralskoe 109 47 7 14.89
®PI1 209790x@F Yarkoe 6 36 6 16.67
® K-3906x @A Saratovskoe 6 40 4 10.0
®K-2241x@F Shortandinskoe 7 | 40 2 5.00
®K-2241x@FK-3906 40 12 30.0
2 K-3906x@FShortandinskoe 7 | 40 3 7.5
®Shortandinskoe 7x@'K-3906 40 1 2.5
®K-2468x@F Shortandinskoe 7 | 50 18 36.0
®PI1209790x GFK-2241 51 7 13.7
®K-2241x &Pl 209790 46 7 15.2
@ K-2274x@FK-2241 52 14 26.9
@K—ZZ74X(§JPI 175798 38 6 15.7
®Shortandinskoe 7x@'K-2274 35 8 22.8
®Shortandinskoe 7x@API | 30 4 13.3
175798
® Pl 75798x @ Shortandinskoe 7 | 46 4 8.7
®Shortandinskoe 7x@API | 17 1 5.8
177015
@ Pl 177481x@fYarkoe | 46 2 4.3
yubileynoe
Total 908 175 18.4

High success rate was achieved by crossing local varieties with foreign samples. Thus, the
combinations §Shortandinskoe 7 x @K-2274: §@PI1211058 x @'Shortandinskoe 7; 2K-2468 x

@fShortandinskoe 7; & Shortandinskoe 7 x @K-1474 and §Yarkoe 6 x @'PI 211058 had fruit set
rates of 38.10%, 22.86%, 26.6%, 36.0% and 68.7%, respectively. When hybridizing the collection
samples K-2241 and K-3906, it was also possible to obtain 12 hybrid grains from 40 castrated
flowers; the percentage of fruit set in this combination was 30.0%.

Forced hybridization of domestic and foreign samples proved their high genetic

compatibility: &Pl 211058x @ Uralskoe 109 - 8.3%; 2 PI 175798x @ Shortandinskoe 7 - 8.7%; @ K-
3906x@F Saratovskoe 6 - 10.0%, & K-3906x @ Saratovskoe - 12.9; PI 209790x @'K-2241 - 13.73%,
®Shortandinskoe 7 x@PI 175798 - 13.33%; Pl 211058x@F Uralskoe 109 - 14.89%; P
209790x @ Yarkoe 6 - 16.67%, @ K-2241x@FP1 209790 - 15.22%; @ K-2274x@*P1 175798 - 15.79%.
The lowest percentage of fruit set was found in the following combinations: € Shortandinskoe
7x@K-3906 - 1 grain out of 40 castrated (2.50%); &Pl 177481x@FYarkoe yubileynoe - 2 grains
out of 46 castrated (4.35%); & K-2241x @ Shortandinskoe 7 - 2 grains out of 40 castrated (5.0%);
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®Shortandinskoe 7x@'PI 177015 - 1 grain from 17 castrated flowers (5.88%) and K-
3906x @' Shortandinskoe 7 - 3 grains from 40 flowers (7.50%) were obtained.

For further phenological observations, hybrid seeds were sown in pots. As a result of
phenological observations, a heterosis effect was observed in the F1 generation (Figure 1).

Figure 1 - Hybrid combinations of F1generations with parental forms

Conclusion. Overall, the analysis of hybrid grains revealed that 22 of 43 combinations were
successful. The seed set rate in the crosses ranged from 2.5% to 68.7%, with an average of 18.4
%. However, given the biological characteristics of proso millet, each grain has high genetic
potential, making it possible to obtain a sufficient number of seeds for hybris analysis and an
assessment of the potential of this crop.
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Introduction. Buckwheat is a leading cereal crop, possessing high nutritional and dietary
value. The grain is used to produce cereals and flour and is rich in easily digestible proteins, B
vitamins, trace elements, and rutin, which is beneficial for strengthening blood vessels. Due to its
gluten- free nature, buckwheat is valued in medicinal and baby food [1].

Vegetative mass and by-products of grain processing are used in animal husbandry as
nutritious feed [2].

Buckwheat plays an important agronomic role. By releasing organic acids, its root system
helps convert poorly soluble phosphorus compounds into a more readily available form, improving
soil fertility and making buckwheat a good precursor for many crops [3].

The primary center of buckwheat domestication is considered to be the interior regions of
Southeast Asia (western China, Tibet, eastern India), where cultivation of its wild ancestors began
around the sixth millennium BC. From this region, the crop spread to Central Asia, and
subsequently to the Middle East and Europe. Archaeological and paleontological evidence
indicates a wide geographic distribution of early cultivation: the oldest traces in Finland date back
to 5300 BC, pollen samples in Japan to 4000 BC, and finds in China to 2600 BC. Possessing unique
biological plasticity, buckwheat is recognized as the highest-altitude domesticated crop in the
world, as evidenced by its successful cultivation on the Tibetan Plateau (Yunnan Province).

Large-scale cultivation of the crop continued in Siberia, India, Turkey, and Japan.
Buckwheat only entered European agricultural circulation on a large scale in the 15th century,
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reaching Italy and neighboring countries via the trade routes of the Black Sea basin. During the
colonial era, Europeans brought the crop to North America.

Thanks to its high protein content, buckwheat has become a staple in the cuisines of many
countries, creating distinctive gastronomic traditions. In East Asian countries (China, Japan),
buckwheat flour mixed with wheat flour is predominantly used to make noodles (soba); in Korea,
the production of starchy foods (memil flour) is well-developed; and in India, the production of
unleavened flatbreads (chapatis) is prominent. In Eastern Europe, whole-grain dishes such as
porridges and soups predominate.

Current understanding of buckwheat phylogeny is based on research conducted in the late
20th century. Analysis of the ranges of wild ancestors allows us to localize the centers of origin of
the main cultivated species. For common buckwheat, this region is the northwestern part of
Yunnan Province. In turn, the center of origin of Tartary buckwheat is associated with the
northwest of Sichuan Province, which is confirmed by data on allozyme variability of proteins in
wild populations. It should be noted that the species F. cymosum, despite its morphological
similarity, is not considered a direct ancestor of cultivated forms. Data from molecular genetic
analysis (study of chloroplast DNA and isozyme composition) indicate a significant phylogenetic
distance between F. cymosum and F. Esculentum [4-6].

Buckwheat (Fagopyrum esculentum Buckwheat takes a special place among cereal crops
due to its multifaceted economic importance, which is manifested in the food, feed, agricultural,
honey, medicinal and environmental spheres. As a pseudocereal crop, it provides the population
with a high-quality dietary product — buckwheat groats, which have a balanced amino acid
composition (high content of lysine, methionine, tryptophan), are gluten-free, and have an
increased level of dietary fiber, resistant starch, prebiotic oligosaccharides, B vitamins (B1, B2, PP),
rutin, flavonoids, and minerals (Fe, Mg, P, Zn, Cu). Buckwheat is characterized by high biological
value (its protein quality is comparable to that of chicken eggs), good digestibility, a low glycemic
index, and functional properties. It helps lower cholesterol, normalize metabolism, and prevent
cardiovascular diseases, diabetes, and anemia. Buckwheat remains a strategic food in the diets of
people in Kazakhstan and other CIS countries, especially during periods of fasting, for children and
dietary nutrition, and in times of food security.

Buckwheat's medicinal value stems from its high rutin content (up to 2-3% in the leaves
and flowers), which is used in pharmaceuticals to treat vascular diseases, hemorrhoids, and
varicose veins. The green mass and straw are used as livestock feed (although in limited quantities
due to the fagopyrin content) and as bedding.

In Kazakhstan (especially the Akmola region), buckwheat is important for diversifying grain
production, increasing farm profitability, and increasing exports (Kazakhstan is among the world's
top 10 producers). High profitability in favorable years is combined with low soil and technology
requirements, making buckwheat attractive to farmers in a changing climate and resource-
deficient environment [7-8].

Materials and methods. The study material consisted of common buckwheat (Fagopyrum
esculentum Moench subsp.) from Chinese selection. The Shortandinskaya coarse-grained variety
was used as the standard (Table 1).
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Table 1 - Buckwheat varieties and origins

Varieties Origin
Shortandinskaya coarse-grained st. Kazakhstan
9978 (XN-9978) China
T1208 (XN-T1208) China
T1211 (XN-T1211) China
T1311 (XN-T1311) China
T1925 (XN-T1925) China
Southern Chinese China
Chinese Domestic China

Field trials were conducted according to the methodology of B. A. Dospekhov. Field
research was conducted at the A. |. Barayev Scientific and Production Center for Grain Farming.
The collection was sown manually in the third ten-day period of May. The plot area was 2 m?. The
plots were systematically spaced, with a standard Shortandinskaya coarse-grained variety planted
as every tenth. Row spacing was 20 cm, plant spacing was 5 cm, and seed placement depth was 5
cm. The plots in the collection nursery were placed systematically.

Results. By results phenological observations showed that all varieties of Chinese selection
differed significantly from the standard Shortandinskaya coarse-grained variety by growing season
(Table 2):

Table 2 - Phenological observations varieties buckwheat

e
.S
©
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Name variety samples 0 = < = O <
46 c © o — C
o & E g E g
& e e = §= =
Shortandinskaya coarse-grained st. 10.06 26.06 | 06.07 | 13.07 | 28.07 16.09
9978 (XN-9978) 13.06 01.07 |09.07 | 19.07 | 05.08 23.09

13.06 01.07 | 09.07 | 19.07 | 05.08 23.09
13.06 01.07 | 09.07 | 19.07 | 05.08 23.09
T1311 (XN-T1311 13.06 01.07 | 09.07 | 19.07 | 05.08 23.09
T1925 (XN-T1925 13.06 01.07 | 09.07 | 19.07 | 05.08 23.09
Southern Chinese 10.06 26.06 |11.07 | 17.07 | 05.08 23.09
Chinese Domestic 10.06 26.06 | 11.07 | 17.07 | 05.08 23.09

T1208 (XN- T1208
T1211 (XN-T1211
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Most of the studied samples belong to the mid-season group. It was found that the
conditions of a particular year (for example, excess moisture in August 2024) significantly affect
the duration of interphase periods and harvesting timing harvest. Seedlings for most varieties were
recorded between June 10 and 13. For example, the Shortandinskaya coarse-grained variety and
foreign samples (Southern Chinese, Chinese Domestic) give shoots 10 June, the samples 9978,
T1208, T1211, T1311, T1925 a little later, on June 13. The branching phase begins for the first
varieties already on June 26, for the remaining varieties on 1 July. The budding phase of
Shortandinskaya coarse-grained begins on July 6. Flowering also begins earlier on 13 July. Fruit
formation of Shortandinskaya coarse-grained was noted on28 July, for the rest of variety samples on
5 August. The standard variety's ripening phase was recorded on September 16, and the total
number of growing days (from germination to ripening) is 98 days. These data show that the
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Shortandinskaya coarse-grained variety develops earlier, progressing more quickly through all the
main phases: branching, budding, flowering, fruiting, and ripening. Other varieties, including
experimental and foreign varieties, show a delay of almost 3-4 days during the branching and
budding phases and a similar delay during flowering and fruiting.

Growing season for results phenological observations ranged from 98 to 105 days (Table
3).

Table 3 - Phenological observations of buckwheat
Name of variety samples Growing season, days Deviation from
standard, +/-

Shortandinskaya coarse-grained st. 98 -

9978 (XN-9978) 102 +4
T1208 (XN-T1208) 102 +4
T1211 (XN-T1211) 102 +4
T1311 (XN-T1311) 102 +4
T1925 (XN-T1925) 102 +4
Southern Chinese 105 +7
Chinese Domestic 105 +7

The table presents data on the length of the growing season for various cultivar samples
based on phenological observations. The standard variety is "Shortandinskaya coarse-grained st.",
which has a growing season of 98 days. This value is taken as the baseline, and deviations from
this standard are indicated for the other varieties. The following genotypes—9978 (XN-9978),
T1208 (XN-T1208), T1211 (XN-T1211), T1311 (XN-T1311), and T1925 (XN-T1925)—all have a
growing season of 102 days, which is 4 days longer than the standard variety. The Southern
Chinese and Chinese Domestic varieties demonstrate the longest growing season—105 days,
which is 7 days longer than the standard.

Thus, all the studied samples, except for the standard one, are characterized by a longer
growing season, varying from +4 to +7 days compared to the standard variety.

In the field experiments photosynthesis was determined using MINI-PAM-II device in
phases germination, budding and flowering (Table 4).

Table 4 - Intensity of photosynthesis of buckwheat samples (umol CO2 / m2)

Name of variety samples Shoots Budding Bloom
Shortandinskaya coarse-grained st. 0.708 0.892 0.893
9978 (XN- 9978) 0.598 0.802 0.899
T1208 (XN-T1208) 0.789 0.900 0.865
T1211 (XN-T1211) 0.645 0.968 0.870
T1311 (XN-T1311) 0.664 0.804 0.936
T1925 (XN-T1925) 0.782 0.820 0.751
Southern Chinese 0.79 0.924 0.915
Chinese Domestic 0.751 0.928 0.942

Analysis of the photosynthetic rate in various buckwheat varieties, measured at key
development stages, revealed specific dynamic changes in each genotype. During the seedling stage,
the highest rates were demonstrated by T1211 (0.968), Chinese Domestic (0.928) and Southern
Chinese (0.924), while the lowest intensity was observed in the sample 9978 (0.802). During the
budding period, the values decreased for all studied varieties, while the maximum photosynthetic
activity was maintained in T1208 (0.789) and Southern Chinese (0.79), and the minimum was in
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9978 (0.598). By the flowering stage, most samples, with the exception of T1925, showed an
increase in the intensity of photosynthesisThus, the dynamics of photosynthetic activity throughout
ontogenesis is cultivar- specific, which may be related to their adaptive potential.

Biometric indicators are a set of measurements that quantitatively characterize the
morphological and physiological characteristics of a plant. They allow one to assess growth rates,
development levels, yield potential, and agronomic adaptability of the plant. The main
characteristics were plant height, number of first-order branches, number of second-order
branches, number of seeds per plant, seed weight per plant, weight of 1000 seeds.

For each indicator, average values for the varieties were calculated and their variable
characteristics were taken into account. The study results (Table 5) show that there are some
differences in the morphological characteristics of plants from Chinese varieties and the standard
variety.

Table 5 - Structural analysis of common buckwheat, 2025
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i?orta”d'”Skaya coarse-grained | o35 | 918 | 44 | 187 | 4247 | 121 | 30
9978 (XN-9978) 48.1 104.4 | 4.2 16.4 | 294.9 | 7,815 26
T1208 (XN-T1208) 26.8 134.8 6 17 132.6 3.3 21
T1211 (XN-T1211) 37.22 106.5 4.9 14.7 | 209.5 | 6.26 30.5
T1311 (XN-T1311) 48.2 102.8 6.2 45.4 | 307.6 8.6 22.5
T1925 (XN-T1925) 60.7 108.4 4.4 249 | 1431 | 4.25 23
Southern Chinese 17 86.5 4 29.1 31.4 | 0.73 20.5
Chinese Domestic 31.65 95.8 5.9 259 | 1015 | 4.53 22.5

The largest vegetative mass was formed by the T1925 (XN-T1925) sample (60.7 g per
plant), which is more than 2.5 times higher than the indicator of the shortest and weakest sample
in terms of mass, Southern Chinese (17.0 g). High plant weight was also demonstrated by the
samples 9978 (XN-9978) - 48.1 g and T1311 (XN-T1311) - 48.2 g. The local standard
Shortandinskaya coarse-grained st. had an average plant weight of 23.2 g, which is typical for
thevarieties adapted to local conditions.

The tallest specimen was T1208 (XN-T1208) at 134.8 cm, which is 43 cm taller than the
Shortandinskaya coarse-grained st. standard (91.8 cm). Tall specimens were also T1211 (106.5 cm)
and T1311 (102.8 cm). The shortest plant height was formed by the Southern Chinese - 86.5 cm.
Chinese Domestic variety occupied an intermediate position - 95.8 cm.

In terms of the number of first-order branches, samples T1311 (6.2 pcs.) and 71208 (6.0
pcs.) stood out, while for the standard Shortandinskaya coarse-grained st. this figure was 4.4 pcs.
The greatest second-order branching was noted in sample T1311 - 45.4 pcs., which is almost 2.5
times higher than the standard value (18.7 pcs.). Chinese samples also had high second-order
branching: Southern Chinese - 29.1 pcs, and Chinese Domestic - 25.9 pcs. The smallest second-
order branching was observed in sample 9978-16.4 pcs.

290



«European Research Materials» (June 4-5, 2026). Amsterdam, Netherlands I

The Shortandinskaya coarse-grained variety produced the largest number of grains from
one plant - 424.7 pcs. This significantly exceeded the other varieties. High values of this indicator
were also noted for the samples T1311 (307.6 pieces) and 9978 (XN-9978) - 294.9 pieces. The
lowest number of grains per plant was observed for the sample Southern Chinese - only 31.4
pieces, which is 13.5 times less than the standard. Chinese Domestic sample produced 101.5
grains per plant.

In terms of grain weight per plant, the Shortandinskaya coarse-grained st. standard was
also the leader - 12.1 g. A fairly high productivity per plant was shown by sample 9978 - 7.815 g
and T1311 - 8.6 g. The lowest grain weight per plant was recorded for the Southern Chinese - only
0.73 g, which indicates the extremely low productivity of this variety in the conditions of Northern
Kazakhstan. Chinese Domestic produced 4.53g of grain per plant.

The weight of 1000 seeds varied between 20.5 g and 30.5 g. The largest grains were formed
by samples T1211 (30.5 g) and the standard Shortandinskaya coarse-grained (30.0 g). The smallest
fraction was noted in the sample Southern Chinese - 20.5 g. The remaining varieties occupied an
intermediate position in terms of seed size: T1311 - 22.5 g, Chinese Domestic - 22.5 g, T1925 -
23.0g,9978-26.0¢g.

Thus, the analysis of the table showed that the introduced cultivars significantly exceeded
the local standard in vegetative plant mass (171925, 9978, T1311) and height (T1208). Accession
T1311 exhibited the most vigorous branching, both first-order and especially second-order,
indicating its high productivity potential. Meanwhile, the local standard, Shortandyskaya coarse-
grained, was characterized by more moderate growth and branching, which is typical of varieties
well adapted to the conditions of northern Kazakhstan and may contribute to better lodging
resistance and more uniform ripening.

The local standard Shortandinskaya coarse-grained ranked first in terms of grain number
and grain weight per plant. This demonstrates its high adaptability and stable productivity in the
soil and climatic conditions of the Akmola region. Among the introduced accessions, T1311 and
9978 stood out, also producing relatively high grain number and weight per plant. At the same
time, accessions of Chinese origin (Southern Chinese and Chinese Domestic) demonstrated
extremely low productivity rates, which is probably due to their poor adaptation to the sharply
continental climate of Northern Kazakhstan and insufficient resistance to local abiotic stresses.

Conclusion. The obtained results confirm the potential of using the local standard as a
control, as well as the feasibility of involving individual high-yielding samples (T1311, 9978) in the
breeding process to improve the yield structure elements of new buckwheat varieties.
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Abstract. The article is devoted to the multifaceted contribution of Academician Akhmet
Zhubanov to the development of Kazakh musical art, scholarship, and education. It highlights the
historical significance of his work as a composer, conductor, scholar, and organizer who stood at
the origins of Kazakhstan’s leading artistic ensembles and cultural institutions, including the
Kurmangazy Kazakh National Orchestra of Folk Instruments, the Zhambyl State Philharmonic, the
Kurmangazy Kazakh National Conservatory, and other prominent institutions. Particular attention
is paid to Zhubanov’s role in the formation of national musicology, the development of the
scholarly school of art studies, and the establishment of the first dissertation council in the field
of art studies in Central Asia. The article presents the international scientific and practical
conferences dedicated to the 120th anniversary of Academician Akhmet Zhubanov, held in April
2026 in Aktobe as part of a series of jubilee events, including festivals, concerts, and competitions,
as well as in Almaty. It emphasizes the broad participation of leading scholars from Kazakhstan
and abroad, together with representatives of cultural and educational institutions. The main
directions and contemporary relevance of the conference papers devoted to Zhubanov’s creative
legacy and theoretical ideas are examined, demonstrating their significance for modern
musicological research. The article concludes that Akhmet ZhubanoVv’s legacy continues to retain
fundamental importance for the development of national culture, remains a vital spiritual and
scholarly foundation of contemporary Kazakh art, and continues to influence the formation of
research and educational practices.

AHHOTaumA. CTaTbA NOCBALLEHA MHOFOrpaHHOMY BKNaAdy akagemmnka AxmeTa ybaHoBa B
PA3BMTME Ka3aXCKOTO My3blKaZibHOrO WMCKYCCTBa, Hayku M obpasoBaHMA. OxapakTepm3oBaHO
MCTOPMYECKOE 3HaYyeHMe ero JAesTeNbHOCTM KaK KOMMO3UTOopa, AMPUNKEpa, YYEHOro U
opraHmM3aTopa, CTOABLIEro y MCTOKOB (GOPMMPOBAHMA BeayLIMX TBOPYECKUX KOJIEKTMBOB W
yuypexaeHunin KazaxctaHa, Bkato4Yan Kasaxckuii HauMOHaAbHbIM OPKECTP HapOAHbIX MHCTPYMEHTOB
nmeHn  Kypmanrasbl, [ocygapcTBeHHy0  GUAAPMOHMIO  MMeHM  HMambbina, Kasaxckyto
HaLMOHANIbHYO KOHCEPBATOPMIO MMEHN KypmMaHrasbl U apyrne MHCTUTyUmun. Ocoboe BHMMaHME
yaeneHo ponn A.*ybaHoBa B CTaHOB/NIEHMM OTEYECTBEHHOTO My3blKO3HAHMA, PA3BUTUM HAYYHOWN
LLKO/Ibl MCKYCCTBOBEAEHMA M CO34aHMM NEePBOro AMccepTalMoHHOro coseta B LieHTpanbHon Asnu.

* This research has been funded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (BR27101897) “Digital transformation of the ecosystem of literary, folklore
and art studies of Kazakhstan: interdisciplinary research”.
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B cTaTbe npeacTaBNeHbl MeXAyHapoAHble Hay4YHO-MpaKTMyeckme KoHdepeHLmH,
npuypodeHHble K 120-neTuto akagemmka Axmeta HKybaHoBa 1 nposedeHHble B anpene 2026 roaa
B AKkTODE — B UMKAE OUNENHbIX MeponpuaATUiA (GecTUBasbHbIX, KOHLEPTHbIX, KOHKYPCHbIX
nporpamm) — 1 B AnmaTbl. [OAYEPKHYTO LWMPOKOE yyacTve BeaylWwmx y4yeHbix KasaxcTaHa M
3apyberkHbIX CTpaH, a TaK¥e NnpeacTaBuTesneil TBOPYECKUX M 0Bpa3oBaTe/bHbIX yUYpeRaeHUN.
[MoKa3aHbl OCHOBHbIE HAaMpPaBAEHMA M aKTYabHOCTb A1 COBPEMEHHOIO My3blKO3HAHMA TEMATUKM
Hay4HbIX [OKNaZ0B, MNOCBAWEHHBIX TBOPYECKOMY Hacneauio UM TEOpPeTUYEeCKMM  MaeAm
A.XKybaHoBa.

NTorosoe yTBep)KaeHWe — Hacneane Axmerta KybaHoBa coxpaHseT dyHAaMeHTanbHoe
3HaYeHue ANs Pa3BUTUA HALUMOHANIbHOM Ky/bTypbl, OCTAaETCA BaXHOW AYXOBHOM M Hay4YHOM
OCHOBOW COBPEMEHHOMO Ka3axCTaHCKOro MCKYCCTBA M MPOAO/NKAET BAMATL Ha GOPMMPOBAHME
nccnefoBaTeNbCKUX M 0OPa30BaTeNbHbIX MPAKTUK.

Whatever direction of contemporary art in Kazakhstan we consider, the contribution of
Akhmet Zhubanov to its formation and development is consistently evident. A vivid confirmation
of this is provided by the country’s leading cultural institutions and performing ensembles, which
were established in the first half of the 20th century: the Kurmangazy Kazakh National Orchestra
of Folk Instruments, the Almaty Music College named after Pyotr Tchaikovsky, the Zhambyl State
Philharmonic, the Abai Kazakh National Opera and Ballet Theatre, and the Kurmangazy Kazakh
National Conservatory. At the origins of their creation stood the outstanding scholar, composer,
and public figure, Academician Akhmet Kuanyevich Zhubanov (1906-1968).

He also played an important role in the development of national science. With the
establishment of the Academy of Sciences of the Kazakh SSR in 1946, the Section of Art Studies
was opened at his initiative, marking the beginning of a new stage in the study of national cultural
heritage. Large-scale expeditions were organized to collect and systematize musical folklore,
record works of folk talents, preserve valuable cultural “monuments”, transcribe them into
musical notation, and introduce them into scholarly circulation.

In addition, at the initiative of Akhmet Zhubanov, the first dissertation council on art
studies in Central Asia was established. This made it possible not only for domestic researchers
but also for scholars from neighboring republics to defend candidate dissertations.

In 2026, the musical community widely commemorates the 120th anniversary of the birth
of Akhmet Zhubanov — an outstanding composer, conductor, People’s Artist of Kazakhstan,
academician, one of the founders of the Academy of Sciences of the Kazakh SSR and a founder of
national art studies and artistic education.

In the city of Aktobe, a large-scale cycle of events titled “Zhubanov Koktemi” (“Zhubanov
Spring”), dedicated to his anniversary, has been implemented. Within the framework of the jubilee
celebrations, the contribution of this outstanding figure to the development of art, education, and
science in Kazakhstan was widely highlighted. Creative ensembles from Astana and Almaty took
an active part in the festive events.

If in his time Akhmet Zhubanov made an invaluable contribution to the development of
Kazakh art and the strengthening of the foundations of national culture, then today’s generation
of Aktobe residents continues his spiritual legacy with dignity. Over the course of eight days,
numerous cultural events were held in the city, organized at a high professional level and
distinguished by their profound content and vivid artistic expression.

Significant support for the implementation of these important initiatives was provided by
Akim of Aktobe Region Askhat Shakharov, Head of the Department of Culture, Archives and
Documentation of Aktobe Region Altynai Yunusova, and Director of the Aktobe Regional
Philharmonic named after Gaziza Zhubanova Dina Niyazova. Thanks to them, cultural and spiritual
projects of the region have gained further development and wide public resonance.
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Event Poster of Aktobe City Concert of the Symphony Orchestra of the Republican
Specialized Music Boarding School for Gifted Children named

after A.Zhubanov, Aktobe, April 28, 2026

Within the framework of the planned series of anniversary events, the International Choral
Music Festival “Zhubanov Koktemi —2026” was held, along with a concert of the Kazakh Chamber
Choir of the Aktobe Regional Philharmonic named after Gaziza Zhubanova, a dombra performers’
competition dedicated to the 100th anniversary of Khabidolla Tastanov, an Honored Worker of
Arts of the Kazakh SSR, musicologist, educator, and dombra performer, as well as a concert by the
faculty of the Kazakh Specialized Music Boarding School for Gifted Children named after
A.Zhubanov, among others. One of the most significant events was also the international scientific
and practical conference that was organized.

International Scientific and Practical Conference dedicated to the 120th Anniversary
of Akhmet Zhubanov (Aktobe, April 28, 2026)
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The conference was attended by scholars from the M.O.Auezov Institute of Literature and
Art, as well as faculty members of the Kurmangazy Kazakh National Conservatory, the Kazakh
National University of Arts named after Kulyash Baiseitova, and the State Conservatory of
Uzbekistan.

AT TN

Shoyista Ganikhanova and Participants of the conference
Elmar Buribaev

At the opening ceremony of the conference, members of the family of Akhmet Zhubanov
also took part, including Gaziza Akhmetovna’s son Aday Azerbayzhanovich, Bolat Akhmetovich’s
daughter Sholpan Bolatovna, and his grandson Elmar Askarovich Buribaev, as well as descendants
of Kudaibergen Zhubanov. Their presence gave the forum special significance and emphasized the
continuity of generations.

During the conference, the composer’s activities as a composer, conductor, educator, and
organizer were comprehensively discussed, along with his contribution to the development of
musical art, science, and education in Kazakhstan.

Memories of Akhmet Zhubanov were shared by composer and Honored Worker of
Kazakhstan Beibit Daldanbay. Welcoming remarks were delivered by A. Zhubanov's great-
grandson Elmar Buribaev, as well as by the moderator of the plenary session, PhD Ayzhan
Berdibay.

Scholarly presentations were delivered by Doctor of Art Studies, Professor Saule
Utegaliyeva (“Scientific Ideas of A.K.Zhubanov in Contemporary Kazakh Ethnomusicology”);
Doctor of Art Studies Shoyista Ganikhonova (“The Creativity of Akhmet Zhubanov in the Artistic
Context of the Era: Constants and Stylistic Metamorphoses”); Candidate of Art Studies, Professor
Aklima Omarova (“A.Zhubanov: “Toward an Unprecedented Flourishing of Musical Art”);
Candidate of Art Studies, Associate Professor Ainur Kaztuganova (“Akhmet Zhubanov and the
Temple of Science”); PhD Ayzhan Berdibay (“Reflections of the Scholar Akhmet Zhubanov on
Kazakh Traditional Music in the 1960s”); Candidate of Art Studies Aigul Baybek (“Academician
Akhmet Zhubanov and the Transformation of Kazakh Music Education: Passionate Decolonization
and the Paradigm of Ethnosolfeggio”); Gulnara Kuzbakova (“The Opera “Abai” by A.Zhubanov and
L.Hamidi in the Context of Contemporary European Stage Direction”); Zulfiya Kasymova
(“Transformation of the Semantics of the Wedding Ritual in the Musical Dramaturgy of the Opera
“Abai” by A.Zhubanov and L.Hamidi”); and Amanzhol Ismagulov with the paper “The Testament of
Academician A.Zhubanov”.
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In their speeches, participants of the conference discussed key issues related to the study
of Akhmet Zhubanov’s scholarly, creative, and educational legacy, emphasizing its significance for
contemporary musicology and the cultural development of Kazakhstan.

The proceedings of the International Scientific and Practical Conference titled “Founder of
Kazakh Professional Music in the 20th Century: On the 120th Anniversary of Akhmet Zhubanov”
were also presented [1].

%4 2 f;\'

Beibit Daldanbay and Altynai Askhat Shakharov and Dina Niyazbekov and Aklima
Yunusova Dina Niyazbekova Omarova

The series of events of the “Anniversary Music Week” in the city of Aktobe concluded with
a gala concert held on April 29.

On the same day in Almaty, on the initiative of the M.O.Auezov Institute of Literature and
Art, and with the participation of the T.Zhurgenov Kazakh National Academy of Arts and the Turkic
Culture and Heritage Foundation, the international scientific and practical conference “Akhmet
Zhubanov and Contemporary Musicology” was held at a high organizational and academic level,
dedicated to the 120th anniversary of the outstanding scholar and cultural figure.

As part of the opening ceremony of the conference, a book exhibition by the Central
Scientific Library “Gylym Ordasy”, dedicated to Akhmet Zhubanov, was presented to the
participants. The exhibition provided visitors with an opportunity to become acquainted with the
rich scholarly and creative legacy of the academician.

A special atmosphere at the event was created by the performance of the chamber
ensemble of the Kurmangazy Kazakh National Orchestra of Folk Instruments, founded on the
direct initiative of Akhmet Zhubanov. The musical program, which organically complemented the
content of the conference, provided guests with vivid impressions.

The large-scale international conference brought together leading scholars, musicologists,
and faculty representatives from higher education institutions of Kazakhstan, Azerbaijan, Russia,
and Kyrgyzstan, as well as members of the Zhubanov family.

Papers were presented by researchers from the Batyraly Sydykov Kyrgyz-Uzbek
International University, the Azerbaijan State Pedagogical University, the Institute of History,
Language and Literature of the Ufa Federal Research Centre of the Russian Academy of Sciences
(awarded the Order of the Badge of Honour), the Institute for Mongolian, Buddhist and Tibetan
Studies of the Siberian Branch of the Russian Academy of Sciences, and the Baku Music Academy
named after Uzeyir Hajibeyli. The conference also included professors and lecturers from the
Kurmangazy Kazakh National Conservatory, the T.Zhurgenov Kazakh National Academy of Arts, the
Kulyash Baiseitova Kazakh National University of Arts, M.Utemisov West Kazakhstan University,
Kh.Dosmukhamedov Atyrau University, as well as scholars from the M.O.Auezov Institute of
Literature and Art.

The broad geographical representation of participants and the high academic level of the
presented papers gave the conference international status and contributed to a comprehensive
discussion of current issues in musicology and the creative legacy of Akhmet Zhubanov.
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At the plenary and sectional sessions of the conference, issues related to the life and
creative work of Akhmet Zhubanov were examined, including his activities as a composer,
conductor, scholar, educator, public figure, and administrator. Special attention was paid to the
legacy of the Zhubanov dynasty in the fields of science and education, as well as to contemporary
approaches to the study of literature, language, and the arts.

This academic forum became an important platform for discussing current issues in the
study of national musical heritage and its reinterpretation within modern research paradigms. The
conference facilitated the exchange of experience among scholars from different countries and
helped define prospects for the further development of national musicology and the humanities.

The plenary session was chaired by Kenzhekhan Matyzhanov, General Director of the
M.O.Auezov Institute of Literature and Art, Academician.

Welcoming letters were sent to the participants of the conference by Aida Balaeva —
Deputy Prime Minister of the Republic of Kazakhstan and Minister of Culture and Information;
Sayasat Nurbek — Minister of Science and Higher Education of the Republic of Kazakhstan;
Akhylbek Kurishbayev — President of the National Academy of Sciences of the Republic of
Kazakhstan; Aktoty Raimkulova — President of the Turkic Culture and Heritage Foundation; Medet
Kuanyshev — Director of the Kurmangazy Kazakh National Orchestra of Folk Instruments; Gaukhar
Tasbergenova — Rector of the Kurmangazy Kazakh National Conservatory; and Arman Zhudebayev
— Rector of the T.Zhurgenov Kazakh National Academy of Arts. These messages once again
emphasized the special significance of Akhmet Zhubanov’s legacy in the national cultural and
scholarly space of Kazakhstan.

The plenary session was attended by Zhenisbek Tolen — Head of the Center for Educational
Sciences and Social Development of the National Academy of Sciences of the Republic of
Kazakhstan; Aktoty Raimkulova — President of the Turkic Culture and Heritage Foundation; Medet
Kuanyshev — Director of the Kurmangazy Kazakh National Orchestra of Folk Instruments; Kabyl
Khalykov — Vice-Rector for Research of the T.Zhurgenov Kazakh National Academy of Arts; and
Daniyar Bayzhumanov — Director of the Specialized Kazakh Music Boarding School for Gifted
Children named after Akhmet Zhubanov.

[
International

Scientific and Practical Conference dedicated to the 120th Anni.\/ersary
of Akhmet Zhubanov (Almaty, April 29, 2026)

At the plenary presentations, the historical contribution of Akhmet Zhubanov to the
formation of Kazakh musical art was comprehensively analyzed, with special emphasis placed on
the significance of his scholarly and pedagogical work, as well as his role in establishing national
musicology as an independent field of academic study. Considerable attention was given to the
reinterpretation of his legacy in the context of contemporary scientific challenges and
methodological approaches, which made it possible to present new research interpretations and
up-to-date scholarly conclusions.
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During the conference, the importance of Akhmet Zhubanov’'s compositional and
academic legacy for contemporary performance practice and the system of music education was
widely highlighted. In addition, key issues related to the preservation, systematization, and
digitization of national musical heritage were thoroughly discussed, alongside a meaningful
exchange of views on the introduction of new research methods and innovative directions in
musicology.

Within the framework of the event, the kuys “Zhana Konstitutsiya” (“New Constitution”)
by Honored Worker of Kazakhstan Shamil Abiltayev was performed, continuing the traditions of
Akhmet Zhubanov in the art of kuy. The work was composed in honor of the adoption of the new
Constitution of the Republic of Kazakhstan on the initiative of the President of the Republic of
Kazakhstan, Kassym-Jomart Kemeluly Tokayev.

An important highlight of the conference was the presentation of two new publications:
the book “Selected Samples of Musicological and Critical Articles by Academic Scholars of
Kazakhstan” [2], which brings together publications by Akhmet Zhubanov and his followers, and
the proceedings of the International Scientific and Practical Conference “Akhmet Zhubanov and
Contemporary Music Science” [3]. Both editions were published by “Arna-B”, a publishing house
known today for producing large-scale and substantial works in the fields of science, education,
art, and culture, and recognized for the high quality of its publications.

The compilation and preparation of these academic works were carried out by specialists
of the Musicology Department of the M.O.Auezov Institute of Literature and Art, the
establishment of which was historically directly connected with the activities of Akhmet Zhubanov.

T

Ainur Kaztuganova, Zhenisbek Tolen, Medet Kuanyshev, Kenzhehan Matyzhanov,
Aktoty Raimkulova, Shamil Abiltayev, Daniyar Baizhumanov

At the sectional sessions of the conference, the interdisciplinary connections of the musical
and folkloric heritage of the Turkic peoples were comprehensively examined. Scholars presented
substantive papers on current issues in musicology, theatre studies, folkloristics, cultural studies,
linguistics, as well as philology and the visual arts.

Special attention was given by participants to the scholarly interpretation of Akhmet
ZhubanoVv’s works, including “Musical Alphabet”, “Life and Creativity of Kazakh Folk Composers”,
“Kurmangazy”, “Nightingales of the Era”, “Strings of the Centuries”, “Journey of Song and Kuy”
and “The Flourishing of Art”. The presentations explored the musical-theoretical aspects of these
studies, the poetics and stylistic features of the composer’s works, issues of stage interpretation

of national art, as well as problems of cultural continuity and interaction among Turkic peoples.
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The academic discussions demonstrated a high level of research interest in the legacy of
Akhmet Zhubanov and confirmed its enduring significance for the development of contemporary
musicology, the humanities{ and the cultural space of the Turkic world.
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Within the framework of the conference, the ensemble of the T.Zhurgenov Kazakh
National Academy of Arts presented a concert program titled “Osken oner” (“Developing Art”),
dedicated to the 120th anniversary of the birth of Akhmet Zhubanov. The concert featured well-
known cultural figures and performers, including Ramazan Stamgazy, Talgat Mukishev, Murat
Abugazy, Bolat Zhomartov, Nurzhan Zhampyisov, Sholpan Darzhan, Talgat Abugazy, Korlan
Kartenbayeva, Armat Islamgaliev, Syrymbet Nurmoldin, Zhanbolat Zhumagazin, Kalamkas
Kadyrbayeva, Togzhan Duisenbekkyzy, Zhanat Mukanov, Gali Kakimbay and Satys Eskendir.

A special place in the program was given to the works of Akhmet Zhubanov performed by
the dombra ensemble and the academy’s student choir under the direction of Syrymbet
Sailybayev. The performances allowed the audience to once again experience the rich musical
heritage of the outstanding composer and scholar.

The jubilee concert was hosted by Murat Abugazy, Associate Professor of the T.Zhurgenov
Kazakh National Academy of Arts, kui performer, and holder of the title “Cultural Figure of the
Republic of Kazakhstan”. In his commentary, he vividly highlighted the multifaceted personality of
Akhmet Zhubanov through examples from his life and creative path, emphasizing the invaluable
contribution of the academician to the development of national culture and spirituality.
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2026)

In conclusion, it should be noted that the large-scale complex of events dedicated to the
120th anniversary of the birth of Academician Akhmet Zhubanov comprehensively demonstrated
his invaluable contribution to the development of Kazakh musical art and national scholarship. The
jubilee events, international academic conferences, and cultural and creative projects held in
Aktobe and Almaty convincingly confirmed that Zhubanov’s legacy represents a lasting spiritual
value whose significance is not limited by time.

The composer’s activities as a composer, conductor, educator, and organizer were
reinterpreted as a solid foundation of contemporary Kazakh musicology and gained new meaning
in light of current scholarly approaches. At the same time, it was clearly demonstrated that the
cultural institutions and academic schools established on his initiative continue to remain viable
and play an important role in the country’s contemporary cultural space.

Akhmet Zhubanov’s legacy is not only an outstanding achievement of the past but also one
of the most important spiritual reference points of modern society. His life and creative path
remain a vivid example of devoted service to national culture, education, and science, while his
ideas and works continue to shape the prospects for the development of national art and the
humanities.
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HOW “OYU FEST” CHANGED THE MUSICAL
CULTURE OF KAZAKHSTAN: HISTORY,
ARTISTS, AND THE EVOLUTION OF THE
FORMAT (2022-2026)"

Kaztuganova Ainur Zhasaganbergenovna

Head of the Department of Musicology, M.O. Auezov Institute of Literature and Art,
Candidate of Art Studies, Associate Professor

Mukasheva Gaukhar Alikhankyzy

Junior Researcher, M.O.Auezov Institute of Literature and Art, Master of Arts

Abstract. This article examines how the “OYU Fest” festival transformed Kazakhstan’s
music industry and culture between 2022 and 2026. It traces the project’s entire journey: from
intimate live performances on YouTube (OYU Live) to a massive two-day anniversary festival in
Almaty. The main focus of the article is on how the organisers select artists. By bringing together
indie rock, rap, legends of Soviet pop (the Dos-Mukasan vocal-instrumental ensemble, Roza
Rymbaeva) and stars of the mainstream toi scene (Kairat Nurtas) on one stage, “OYU Fest” blurs
the boundaries between generations and breaks down old stereotypes.

Contemporary Kazakh culture is currently going through a very inspiring period: it is gently
moving away from old, familiar patterns and rediscovering its distinctiveness and independence.
For a long time, there was a divide in the music industry: in the cities, people mainly listened to
Russian pop, whilst Kazakh songs were considered “out of fashion” and associated only with
weddings and rural areas.

Everything changed in the mid-2010s with the emergence of the band “Ninety One”, who
pioneered a new genre — Q-pop. The band combined vibrant global trends with the Kazakh
language, showing young people just how beautiful, stylish and contemporary their native tongue
can sound.

At the same time, an independent movement known as “Qazaqg Indie” emerged. Young
musicians began blending contemporary rock and electronic music with folk motifs, whilst
thoughtfully exploring the country’s history and important social issues in their songs.

The OYU project has become the real link between all this new music. It originally began
as a cosy niche YouTube show called OYU Livel, whose creators sought to capture the live sound
of Central Asian musicians. They showcased pop artists, indie rockers and folk musicians playing
the dombra, all presented in an equally stylish, modern and aesthetically pleasing visual format.

Live performances have become so popular with audiences that their huge success online
provided the impetus for the creation of the large-scale annual “OYU Fest”. Today, thousands of
young people gather at concert venues to sing their favourite songs in Kazakh together. This new
musical wave has harmoniously blended the traditions of the past with the rhythm of modern life,
making Kazakhstani culture truly self-sufficient, vibrant and relatable to the new generation.

! This work was carried out within the framework of the project of the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan BR31715839 “Fundamental Research in
Literary and Art Studies: Academic Continuity and New Paradigms”.
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Whilst the OYU Live YouTube show itself launched in early 2021, the large-scale open-air
festival “OYU Fest” first made a big splash in the summer of 2022. The very first “OYU Fest” took
place in July 2022, responding to the huge interest from viewers in the online project and
becoming a unique space which Kamilla, one of the organisers, described as: “It's as if we've
created a summer Nauryz” [1].
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The defining feature of “OYU Fest” is the way the organisers select their artists. They
deliberately avoid rigid musical boundaries and the division of music into “highbrow” and
“popular”. In the past, musical tastes in Kazakhstan often divided people into different groups
depending on where they lived or what language they spoke. The festival breaks down these
invisible barriers, bringing everyone together in one place. Completely different genres coexist
harmoniously on the festival stage. Audiences can start by listening to traditional music (kuy on
the dombra), then dance to modern Q-pop, and afterwards immerse themselves in the
atmosphere of indie rock or rap. Moving from a complex online archive to a major open-air
celebration, the festival demonstrates that folk classics, street hip-hop and pop music are all
equally valuable to contemporary culture. This approach brings together a completely diverse
audience — from sophisticated urban music lovers to fans of mainstream pop — helping them to
understand one another better and feel part of one big, friendly country.

Below is a timeline of the festival’s development from 2022 to 2026. The table clearly
shows how the project has grown: from its first concerts in Almaty to large-scale shows in the two
capitals, featuring legends of yesteryear and today’s biggest stars.
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30 July 29 July 1 June 24 May 4 July 2026
2022 2023 2024 (Almaty) 2025 (Almaty) Day 1 in Almaty
Menindenimsaw Kunzharyq Ayau ALPHA Sadraddin
Akha Asiya Kunzharyq Dudeontheguitar ALPHA
M’Dee Ayau Marhaba Sabi Daiynball Kunzharyq
Dose (Aydos | Dudeontheguitar Aikyn Orynkhan “The Exclusive Club’
Dzhumalinov) (M’Dee, Ayau and
Rusha)
Al Dequine Shiza Yenlik Yenlik
Yenlik ARShAT Dequine 6ELLUCCI ARO
Kuanyshbek
Nurgazy
ORDA Second Ka Irina Kairatovna | jeltoksan Almas
ORYNKHAN Moldanazar Nurlan & Murat | Shiza on alty
ARO Kazybek Kuraiysh 27 July Alem The festival’s headliner
2024 (Astana) on the first day
Berkut & Aisha
Z0LOTO ARO TYNYQ Kezen 5 July 2026
Day 2 in Almaty
MOLDANAZAR Shiza Asiya The festival’s Dequine
headliner, “Dos
Mukasan”
Ninety One Ninety one Sadraddin 28 June 2025 Orynkhan
(Astana)
JAMAN T Yerbolat ARO Moldanazar Qazaq Indie
Kudaibergen (dudeontheguitar,
SAMRATTAMA and
Zere)
The festival’s AIKYN Dos Mukasan abdr.
headliner, Kairat
Nurtas
Dequine ALPHA Rin’Go
Shiza Irina Kairatovna ken dala
Nurlan & Murat | Ayau dosm.
The festival’s | Kunzharyq The headliner on the
headliner, V S X second day of the
V PRINCE festival is Roza
Rymbaeva
Asiya
Shashoo
6ELLUCCI
Alem

Headliner of the
festival in Astana
Kairat Nurtas

As well as its brilliant musicians, “OYU Fest” has its own charismatic presenters who create
that warm, friendly and heartfelt atmosphere on stage. The festival’s presenters aren’t just people
who announce the acts. They connect with the stadium on the same wavelength, crack jokes,
support the artists and help thousands of completely different audience members feel like one big

305




Proceedings of the 13th International Scientific Conference

family. Year after year, the project’s hosts are well-known local influencers, entertainers and
bloggers who genuinely love the new Kazakh culture and promote it to the masses.

Year Presenters
2022 Abai Kabdrashitov — (@abailuck)
2023 Nagimush Nastievich (@nagimuwaa) and Jomart Aralbaiuly (@aralbaiuly)
2024 Almagul Kazikhan-Sagyndyk (@almasagindik) and Almaz Merzhakypov (@ mvsstoi)
2025 Nagimush Nastievich (@nagimuwaa) and Almaz Merzhakypov (@ mvsstoi)

If you want to experience the full energy of live performances, see the artists’ spectacular
shows for yourself, or rewatch your favourite moments, you can watch the full concert via the link
on the project’s official YouTube channel?.

The “OYU Fest” kicks off long before the headliners take to the stage, and it’s the talented
local DJs who set that powerful opening vibe. Whilst guests gather, chat and wander around the
site, the venue transforms into a huge open-air dance floor. As the organisers themselves say:
“Before the artists perform, we all get the party started with DJ sets’2”3. The DJs don’t just play
popular tracks; they create unique mixes where modern electronic beats, house and techno are
stylishly interwoven with Kazakh folk motifs and retro hits. This gets the crowd in the right mood
and energises them for the whole day.

Year DJ
2023 Sarah(Sarah Baid), Arsén Rysdaulét (DJ Arsen Superfly)
2024 (Almaty) Nazira (@nazira_in_zvuk), AKEE (@dj_akee )
2024 (Astana) Mark Redlights (@mark.redlights), DJ Rahalook (@rahalook)
2025 (Almaty) Edigee (@edigeeeeeee), Rusha
2025(Astana) DJ Rahalook (@rahalook), Anele (@anellee)

2026 marks a special milestone for “OYU Fest” — this year the project celebrates its 5th
anniversary. To mark this major anniversary, the organisers are preparing a show on an
unprecedented scale. Unlike previous years, the anniversary “OYU Fest” 2026 will take place
exclusively in Almaty — the cultural capital and home of the project. The organisers have decided
to concentrate all their resources, efforts and exclusive programme at a single spectacular venue.
The main highlight this year is that, for the first time in its history, the festival will run for a full two
days. This means that attendees will have twice as much time to soak up the atmosphere of
contemporary Kazakh culture and let their hair down. The two-day format will make this
celebration of domestic music even more powerful. Guests can look forward to even more live
music, non-stop dancing to DJ sets, conceptual shows from artists and an unforgettable festive
vibe.

The five-year journey of “OYU Fest” (2022-2026) shows how a single creative project can
completely reshape the music industry and cultural landscape of Kazakhstan. What began as an

22022 — https://youtu.be/sbdHeotUKwc?si=sDGI 1Jb-UtOrNTK

2023 — https://youtu.be/nK5pbulYubY?si=1nSwSDUIL2 7Atgxe

2024 — https://youtu.be/fi9yp9-ZG5w?si=St Hx2 5dBFimtld

2025 — https://youtu.be/EKho9RNnm6A?si=5wz9pluyMDaDtp8y

31t is worth noting that the quote, the lists of artists and the details about the festival have been taken
directly from OYU’s official Instagram account and other public sources
https://www.instagram.com/oyu.fest?utm source=ig web button share sheet&igsh=ZDNIZDcOMzIxNw=
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intimate YouTube show has grown into a massive annual celebration that does much more than
just entertain — it brings people together and changes how a country views its own culture.

By breaking down the invisible walls between different genres and audiences, the festival
has created a unique space where indie rock, underground rap, mainstream pop, and legendary
Soviet-era classics coexist harmoniously. This blend of styles has helped bridge the gap between
generations and completely shattered the old stereotype that Kazakh-language music couldn't be
trendy or modern. Today, singing and dancing to songs in the native language has become the
ultimate symbol of youth identity and pride.

This success comes at a time when Kazakhstan is experiencing a real boom in outdoor
music festivals, with new events popping up across the country every year. In this rapidly growing
movement, “OYU Fest” stands out as a true pioneer. With its unique atmosphere, incredible scale,
and massive influence on youth style and lifestyle, “OYU Fest” is fast becoming Kazakhstan’s own
Coachella. It has evolved past a simple concert lineup into a major cultural landmark and a
trendsetter for the entire region.

Ultimately, by turning a music festival into a modern “summer Nauryz,” the organizers
have proven that traditional roots and modern pop culture don’t just live side by side — they make
each other stronger. “OYU Fest” has successfully captured the spirit of a new, independent, and
self-sufficient Kazakhstan culture, making it vibrant, exciting, and deeply relatable for the new
generation.
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