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PREPARATION OF NUTRIENT-ELEMENT-MODIFIED UREA-BASED FERTILIZER

Zakirova A.T.

Hafiz R.H

Azerbaijan State Oil and Industry University

20 Azadliq Avenue, Baku AZ1010, Republic of Azerbaijan

Abstract

Urea fertilizer has been widely used as the main nitrogen fertilizer since the 1950s. Its high
concentration is due to the presence of approximately 46% nitrogen in its composition. In order to meet
the increasing demands of modern agriculture, about 220 million tons of urea fertilizers are currently
produced annually worldwide. However, the major drawback of urea application is its low utilization
efficiency. Approximately 30-35% of the nitrogen applied to the soil is lost through various processes,
leading to both economic losses and environmental pollution. One of the main approaches to solving this
problem is to control the release of urea nitrogen in the soil. Studies have shown that slow-release
fertilizers provide longer retention of nitrogen in the soil and promote its more efficient uptake by plants.
These fertilizers ensure the gradual release of nitrogen, thereby optimizing its accumulation and
availability in the soil.

Introduction

In the modern era, the rapid growth of the world population has made ensuring food security one
of the most urgent global priorities. The cultivation of agricultural crops requires a high amount of
nitrogen,; however, the gradual decline in soil fertility further intensifies the demand for this essential
element.

To ensure the normal growth and development of plants, it is important to regularly supply the soil
with essential nutrients, particularly nitrogen. Therefore, farmers apply nitrogen fertilizers at specific
time intervals. Urea is considered the most widely used solid nitrogen fertilizer in developing countries
[1]. Approximately 80-85% of the produced urea is used specifically as fertilizer [2]. In addition, a
significant portion of global food production — more than 40% — is associated with the application of
urea fertilizers [2]. Currently, about 57% of the nitrogen used in agriculture is supplied through urea, and
the demand for this substance is projected to increase by an average of 1.5% annually in the coming
vears [1,3,4].

The industrial-scale production of urea fertilizer is based on the chemical reaction between gaseous
carbon dioxide (CO:z) and liquid ammonia under high temperature and pressure conditions. As a result of
this process, ammonium carbamate is initially formed, which is subsequently converted into urea through
a dehydration stage. The obtained mixture is then processed in granulation units or special towers to
produce the final product in the form of granules or compressed prills.

Urea is also distinguished by its high water solubility, which enables its rapid conversion into an
active form in the soil. Compared with other nitrogen fertilizers, its high nitrogen content (approximately
46%) makes it a more efficient nutrient source. One of the main advantages of conventional urea
application is its versatility in terms of application methods [5,6,7,8]. The fertilizer may be broadcast over
the field, applied in bands along plant rows, or incorporated into the soil [7,9,10,11].

After World War I, particularly since the 1950s, the application of inorganic nitrogen fertilizers
became a key strategic approach for increasing agricultural productivity and meeting the global food
demands of the rapidly growing world population. This process laid the foundation for the “Green
Revolution” of the 1960s, characterized by the introduction of high-yield and fertilizer-responsive crop
varieties. According to statistical data, the approximately twofold increase in crop production over the
last 50 years has been closely associated with a sevenfold rise in nitrogen fertilizer use [12]. Nitrogen
fertilizer consumption increased from 10.8 million tons in 1960 to 82 million tons in 2000. Current
projections indicate that this figure may reach 249 million tons by 2050. Overall, nearly half of global
food production depends on nitrogen fertilizers, highlighting their essential role in accelerating plant
growth and increasing crop yields [13].

Ammonia emissions arising from the surface application of urea to soil represent a serious
environmental problem closely associated with meteorological factors and the specific characteristics of
the soil. These loss mechanisms not only reduce fertilizer efficiency but also artificially increase the global
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demand for nitrogen-containing compounds [14]. The increasing need to meet growing food demands
has driven the agricultural sector toward more intensive fertilizer use, further emphasizing the factors
that limit the agronomic nitrogen use efficiency and crop productivity of conventional urea [8,15].

In recent years, new formulations prepared using environmentally friendly raw materials have been
developed to improve the efficiency of urea while simultaneously minimizing harmful emissions [15]. One
of the most effective approaches to reducing nitrogen losses is the production of fertilizers in slow-
release or controlled-release forms. By regulating the rate of nitrogen release, the excess amount of
ammonium in the soil can be controlled [15, 16]. This contributes to environmental protection by reducing
both ammonia volatilization into the atmosphere and nitrate leaching into groundwater [15,16,17].

Over recent decades, the increasing global demand for food security has significantly influenced
fertilizer consumption. At the same time, future factors affecting fertilizer use will not be limited solely
to productivity, but will also encompass broader issues such as reducing environmental impacts. On the
other hand, rapid urbanization, soil degradation, climate change, and economic expansion leading to the
conversion of arable lands into residential areas have emerged as major challenges [18].

Accurate assessment of global food demands and the implementation of appropriate strategic
measures are essential for overcoming existing challenges. Innovations in agriculture and the
improvement of management approaches play an important role in this direction. In this context,
optimizing the application of urea fertilizers and regulating their release rate in the soil are of particular
importance. The use of slow-release and controlled-release fertilizers contributes not only to increasing
crop productivity, but also to reducing toxic emissions released into the environment [19,20].

Furthermore, the development of slow-release, controlled-release, and stabilized fertilizers makes
it possible to move significantly closer to the concept of the optimal fertilizer. However, it should be noted
that these types of fertilizers cannot completely eliminate agronomic management errors. Nevertheless,
they positively affect nitrogen use efficiency and reduce environmental impacts. Therefore, the
integration of such fertilizer types into sustainable agricultural strategies and modern management
practices is considered highly important [1,21].

Urea modification is used to alter its physicochemical properties through interaction with various
substances in order to improve its resistance to environmental factors such as high temperature,
humidity, UV radiation, and corrosion. In general, modification with urea is considered an effective
method for enhancing the functional properties of different materials. One of the significant
achievements in this field was the development by Chissoasahi of polyolefin-coated urea with a sigmoidal
release characteristic. This innovation allows the fertilizer to be placed close to the plant root system
and enables single-stage application [21].

Modified urea fertilizers are mainly divided into two groups: slow-release nitrogen fertilizers and
controlled-release nitrogen fertilizers [16,17,22]. Although these terms appear similar, studies
conducted by Trenkel revealed the differences between them [21]. Synthetically modified urea-based
fertilizers are generally classified into two principal categories.

The first category involves the incorporation of urea into chemical reactions. In both fertilizer types,
nitrogen is supplied to the soil in a more stable manner compared to conventional urea fertilizers;
however, their operating principles differ from one another. The main distinguishing feature between
these fertilizers is the coating technology. Slow-release nitrogen fertilizers do not employ coating
materials, whereas controlled-release nitrogen fertilizers use special coatings to delay nitrogen release

[17].

Objective of the Study: To investigate the methods of modifying urea granules with various nutrient
elements and to study the mechanical properties of urea-based fertilizers.

Experimental Part

The experimental part demonstrates the modification of 0.5-1 kg of urea-based fertilizer with
nutrient elements. As a method, the nutrient element was applied in the form of a coating. Approximately
12.5 g of ZnSOa4-7H20 was mixed with about 500 mL of distilled water. The mixture was homogenized at
90°C for 40 minutes. The obtained hot solution was sprayed onto 1 kg of urea. The coating process was
carried out under constant temperature conditions. The urea granules were maintained in a hot air
stream at a temperature of 75°C. The transfer of the hot solution was performed using a peristaltic pump.
After the coating stage, the drying process was carried out for 20 minutes, after which the urea was
removed from the apparatus.

Carboammophoska is a complex fertilizer containing nitrogen in both ammonia and amide forms.
One of the main characteristics of urea-based complex fertilizers is their ability to form double salts.
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Studies were conducted on fertilizers of grades 16:16:16 and 17:17:17 in order to investigate the
physicochemical and structural properties of urea-based fertilizers.

The molar ratio of [NHs]:[H:PO4] in the produced material was determined by the titrimetric
method. Water content was determined at 70°C using an SNOL-3.5.3.5.3.5/3.5-11M drying oven.
Potassium was determined by the potassium tetraphenylborate method.

Table 1.
Consumption Values for the Preparation of Fertilizer Grade 16:16:16
[NH3]:[H3PO4] | Extraction phosphoric acid Urea Ammonium sulfate Potassium chloride
Molar Ratio containing 51.79% P20s 46,47% | containing 21.21% N containing 60.9% K20
N
1.0,5 0,3089 0,1304 0,2994 0,2632
1:1 0,3089 0,1261 0,3002 0,2632
1:1,5 0,3089 0,1191 0,3023 0,2632
1.2,5 0,3089 0,1024 0,3067 0,2632
1.3 0,3089 0,1089 0,3103 0,2632
1.3,5 0,3089 0,1047 0,3128 0,2632
1.4 0,3089 0,1002 0,3153 0,2632
1.4,5 0,3089 0,0956 03182 0,2632
Tablo 2.
Consumption Values for the Preparation of Fertilizer Grade for 17:17:17
[NH3]:[H3PO4] | Extraction phosphoric acid Urea Ammonium sulfate Potassium chloride
Molar ratio containing 51,79% P>0Os 46,47% | containing containing 60,9% K20
N 21,21% N
1.0,5 0,3282 0,1897 0,2012 0,2796
1.1 0,3282 0,1868 0,2040 0,2796
1:1,5 0,3282 0,1793 0,2064 0,2796
1.2,5 0,3282 0,1705 0,2101 0,2796
1.3 0,3282 0,1679 0,2145 0,2796
1.3,5 0,3282 0,1637 02167 0,2796
1.4 0,3282 0,1589 0,2200 0,2796
1.4,5 0,3282 0,1538 02237 0,2796

The hygroscopicity of fertilizer grades 16:16:16 and 17:17:17 was determined by evaluating the
hygroscopicity coefficient. The hygroscopicity coefficient was calculated under variable conditions at
30°C and 70% relative humidity for granules with a diameter of 0.2—2 mm using a BINDER KBF 115
chamber equipped with internal circulation. Investigations were also carried out on powdered samples.

Table 3.
Results of the Analysis of 16:16:16 Grade Samples
Molar ratio [NH3]:[H3PO4] | P20s | N N K20 H20
1:0,5 16,01 | 1587 ] 943 | 1631] 0,61
1:1 16,06 | 16,12 | 10,11 | 16,23 | 0,80
1:1,5 16,09 | 16,01 | 10,23 | 16,14 | 0,69
1:2,5 16,13 | 16,04 | 10,72 | 16,09 | 0,72
1:3 16,00 | 16,06 | 10,89 | 16,131 0,75
1:3,5 16,04 | 16,11 | 11,02 | 16,17 ] 0,67
1:4 16,09 | 16,15 | 11,27 | 16,19 | 0,59
1:4,5 16,03 | 16,03 | 11,41 ] 1616 | 0,65

For this purpose, the granular fertilizer was ground into powder with a particle size of 0. 1-0.3 mm,
after which it was dried at 70°C until a constant weight was achieved. Powdered granule samples
weighing 3.4 g or 0.5 g were uniformly distributed in a single layer in a container with a diameter of 40
mm and a height of 12 mm.

Table 4.
17:17:17 marka ndmunalarinin tahlilinin naticalari
Mol nisbati [NH3]:[H3PO4] | P>Oslim Nim Nammo K20 H>0
1:0,5 17,09 17,08 8,98 17,11 0,57
1:1 17,10 17,11 8,74 17,16 0,69
1:1,5 17,04 17,06 8,42 17,19 0,71
12,5 17,12 17,15 8,01 17,29 0,76
13 17,16 17,18 7,93 17,01 0,80
13,5 17,11 17,01 7,67 16,97 0,82
1:4 17,05 16,97 7,39 16,93 0,84
1:45 17,07 16,95 7,23 16,99 0,76
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The samples were thermally treated at temperatures of 70-90°C. During this process, water was
removed from the mineral composition. At approximately 110°C, the double salt present in the
composition began to melt. With further temperature increase, (NHa)zH4+(POa)2 decomposed.

(NH4)aH2(POa)2 = (NH4)3H3(PO4)2 + NH3
(NH4)3H3(POa)2 = (NHa)2H4(PO4)2 + NH;3

As a result of the reaction, the release of ammonia gas caused a decrease in weight.

CONCLUSIONS

1. The investigation of the properties of urea-containing fertilizers obtained on the basis of
NHaH=PO+ and KCl showed that the hygroscopicity of the fertilizer depends on the urea content.
According to some studies, an increase in the urea content of the product leads to a decrease in the
hygroscopicity coefficient, whereas other sources indicate that an increase in urea concentration
increases the hygroscopicity of the product.

2. In recent years, the use of nutrient-element-modified urea-based fertilizers has become an
important factor in improving the uptake of mineral nitrogen in soil. These fertilizers not only increase
the nitrogen level, but may also reduce nitrogen release, thereby enhancing fertilizer efficiency in crop
production. Studies have reported the positive effect of controlled-release fertilizers on plant
productivity. However, despite these advances, further investigations are still required to better
understand the effects of these compounds.
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Abstract

Green building has become one of the most important approaches in achieving sustainable urban
development in modern cities. Rapid urbanization, environmental degradation, climate change, and
increasing energy consumption have created significant challenges for urban areas around the world. In
this context, green building practices contribute to environmental protection, economic efficiency, and
social sustainability by reducing the negative impacts of traditional construction methods. The purpose
of this study is to analyze the role of green building in sustainable development and examine its
environmental, economic, and social impacts. The study explores the fundamental principles of green
construction, including enerqgy efficiency, sustainable material usage, water conservation, indoor
environmental quality, and waste reduction. Furthermore, the research investigates how green buildings
support sustainable urban planning and improve the quality of life in urban environments.

The research methodology is based on theoretical analysis and comparative evaluation of
international sustainable construction practices. The study demonstrates that green building
technologies significantly reduce energy consumption and greenhouse gas emissions while increasing
resource efficiency. Moreover, sustainable construction contributes to long-term economic benefits
through lower operational costs and improved building performance. Socially, green buildings provide
healthier and safer living environments for residents by improving air quality and thermal comfort. The
article also identifies several challenges affecting the implementation of green building systems,
including high initial investment costs, limited public awareness, insufficient governmental support, and
technological barriers in developing countries.

The findings indicate that integrating green building principles into urban planning policies can
enhance environmental stability and promote sustainable economic growth. Green building is not only
an environmental necessity but also an essential strateqgy for achieving sustainable cities and improving
future urban development. The study concludes that broader implementation of sustainable construction
practices and stronger governmental policies are required to ensure long-term environmental and
economic sustainability in urban areas.

Keywords: green building, sustainable development, sustainable urban planning, environmental
sustainability, energy efficiency, urban development, ecological construction, sustainable cities

Introduction

Sustainable development has become one of the most significant global priorities of the twenty-
first century. Rapid industrialization, urban population growth, and environmental pollution have
increased the necessity for environmentally responsible construction practices. Traditional construction
methods consume excessive natural resources and contribute significantly to greenhouse gas emissions,
environmental degradation, and energy waste. Therefore, green building has emerged as an effective
solution for minimizing environmental impacts and supporting sustainable urban development.

Green building refers to environmentally responsible and resource-efficient construction processes
throughout the entire life cycle of a building. Sustainable construction aims to reduce energy
consumption, improve indoor environmental quality, and ensure efficient use of natural resources. Today,
many countries integrate green building principles into urban planning strategies in order to create
healthier and more sustainable cities.

Green Building Concepts

Green building is based on several important principles that focus on environmental protection and
sustainable resource management. One of the key concepts is energy efficiency. Green buildings are
designed to reduce energy consumption through advanced insulation systems, renewable energy
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technologies, and efficient lighting systems. Solar panels, natural ventilation systems, and energy-saving
technologies significantly improve building performance.

Another essential principle is sustainable material usage. Environmentally friendly construction
materials such as recycled steel, bamboo, low-carbon concrete, and renewable resources help minimize
environmental damage. Water conservation is also an important aspect of green construction. Rainwater
harvesting systems, water-efficient plumbing technologies, and wastewater recycling reduce water
consumption and contribute to environmental sustainability.

Indoor environmental quality is another important factor in green building design. Proper
ventilation, natural lighting, and non-toxic materials create healthier indoor spaces and improve human
well-being. In addition, green construction practices aim to reduce construction waste and encourage
recycling processes during and after building projects.

Environmental and Economic Impacts

Green building practices provide significant environmental benefits by reducing carbon emissions
and minimizing environmental pollution. Buildings account for a large percentage of global energy
consumption and greenhouse gas emissions. Sustainable construction technologies help decrease
dependence on fossil fuels and support climate change mitigation efforts.

From an economic perspective, green buildings reduce operational and maintenance costs through
energy and water efficiency. Although sustainable construction projects may require higher initial
investment costs, they generate long-term financial savings. Energy-efficient buildings lower electricity
consumption, reduce utility expenses, and improve property values. Furthermore, sustainable
construction creates employment opportunities in green technology and environmental engineering
sectors.

The social benefits of green building are also important. Healthy indoor environments improve
productivity, reduce health problems, and increase overall quality of life. Sustainable urban infrastructure
contributes to safer and more resilient communities, especially in rapidly urbanizing regions.

Sustainable Urban Development

Sustainable urban development aims to balance economic growth, environmental protection, and
social welfare in urban areas. Green building plays a critical role in achieving these objectives. Modern
cities face numerous challenges such as air pollution, traffic congestion, population density, and excessive
energy demand. Integrating sustainable construction practices into urban planning strategies can help
solve these problems effectively.

Green buildings contribute to sustainable cities by reducing urban heat island effects, improving
air quality, and promoting efficient land use. Urban green spaces, eco-friendly transportation systems,
and smart infrastructure are closely connected with sustainable building principles. Governments and
urban planners increasingly encourage green construction through environmental regulations,
certification systems, and sustainable development policies.

Moreover, sustainable urban planning requires collaboration between architects, engineers,
policymakers, and environmental specialists. Public awareness and education about environmental
sustainability are essential for expanding green building practices and supporting long-term urban
resilience.

Challenges and Future Perspectives

Despite its numerous advantages, green building still faces several challenges in many countries.
One of the major obstacles is the high initial cost of sustainable construction technologies and
environmentally friendly materials. In developing countries, limited financial resources and insufficient
governmental incentives slow down the implementation of green building systems.

Another challenge is the lack of public awareness and professional expertise in sustainable
construction practices. Many developers and construction companies continue to prioritize short-term
economic benefits over environmental sustainability. Additionally, technological limitations and weak
environmental regulations can negatively affect the development of green infrastructure.

However, future perspectives for green building remain highly promising. Technological
innovations, renewable enerqgy systems, and international environmental policies are expected to
accelerate sustainable construction worldwide. Smart cities, digital building technologies, and eco-
friendly urban planning strategies will further strengthen the role of green building in sustainable
development. Governments should continue supporting sustainable construction through financial
incentives, environmental legislation, and educational programs.

Conclusion
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Green building has become an essential component of sustainable urban development in modern
societies. Sustainable construction practices contribute significantly to environmental protection,
economic efficiency, and social well-being. By reducing energy consumption, conserving natural
resources, and improving indoor environmental quality, green buildings help create healthier and more
sustainable urban environments.

The study demonstrates that integrating green building principles into urban planning policies can
improve environmental stability and support long-term sustainable development. Although several
economic and technological challenges remain, increasing public awareness and governmental support
can accelerate the adoption of sustainable construction practices. Ultimately, green building represents
an important strategy for creating environmentally responsible cities and ensuring a sustainable future
for coming generations.
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Abstract

This paper presents a comprehensive quantitative analysis of neutral hydrogen Balmer lines
(Hydrogen-alpha, Hydrogen-beta, Hydrogen-gamma, and Hydrogen-delta) in the optical spectra of
luminous stars, specifically giants, bright giants, and supergiants. Due to highly extended geometries and
low surface gravities, their line profiles deviate significantly from Main Sequence dwarfs. This study
explores the physical mechanisms governing line formation, including the attenuation of Stark
broadening under low electron pressures, thermodynamic population  distribution via
excitation/ionization equilibria, and the dynamics of radiation-driven stellar winds. Furthermore, a digital
data reduction methodology utilizing the DECH software package for high-resolution spectra is detailed.
The results reaffirm that precise line profile modeling serves as a fundamental diagnostic for constraining
the effective temperature and surface gravity of luminous stellar atmospheres.

Keywords: CCD, Stellar spectroscopy, Luminous stars, Balmer lines, DECH software.

Introduction. Luminous stars—comprising giants, bright giants, and supergiants—occupy a critical
evolutionary phase characterized by massive energy outputs, significant mass-loss rates, and extended
atmospheres. In stellar spectroscopy, the spectral lines of neutral hydrogen serve as the primary
diagnostic indicators for mapping the physical state of these outer layers. In the optical window, the
Balmer series lines are particularly sensitive to local physical conditions. While in dwarf stars these lines
are primarily governed by pressure effects, in high-luminosity classes they reflect a delicate balance
between radiation pressure, low atmospheric density, and hydrodynamical macroscopic motions. This
study provides a rigorous quantitative investigation into the behavior of hydrogen line profiles in
luminous stellar spectra, analyzing the statistical mechanics of atomic state populations, line-broadening
theories, and digital spectral processing using the DECH software suite [1, 2].

Research method. Statistical Mechanics of Hydrogen State Populations.

The equivalent width and core-to-wing topology of Balmer lines are fundamentally dictated by the
population density of neutral hydrogen atoms in the first excited state. Under the assumption of Local
Thermodynamic Equilibrium (LTE), this distribution is governed by the coupled local kinetic temperature
and electron pressure through excitation and ionization equilibria. The ratio of population densities
between the first excited state and the ground state requires a significant thermal energy threshold to
populate the level responsible for these transitions. Simultaneously, the ratio of neutral hydrogen atoms
to ionized protons is dictated by the temperature and surrounding electron pressure; when temperature
rises or gas density drops, the equilibrium shifts toward free protons [3, 4].

The interplay between excitation and ionization yields a distinct maximum for Balmer line intensity
depending on the spectral class of the luminous star:

e The Balmer Maximum: In intermediate-temperature supergiants (early A-type and late B-type),
the population of the first excited level reaches its theoretical peak. Thermal energy is sufficient to
populate the state heavily, but insufficient to trigger massive ionization.

e Hot Luminous Stars: At extreme temperatures in O-type supergiants, ionization dominates
completely. Hydrogen is nearly fully ionized, causing the neutral hydrogen population to drop drastically
and Balmer lines to weaken, while Helium dominates.

e Cool Luminous Stars: In G, K, and M-type giants or supergiants, thermal energy cannot overcome
the energy gap to excite electrons to the second energy level. The bulk of neutral hydrogen remains in
the ground state, rendering optical Balmer lines exceptionally faint while molecular bands dominate.

3. Atmospheric Pressure Effects and Stark Broadening Attenuation
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The defining spectroscopic feature that segregates luminous stars from main-sequence dwarfs is
the structural narrowness of their hydrogen line profiles. Because giants and supergiants possess
expanded envelopes with radii extending up to several hundred solar radii, their surface gravity
parameters drop to remarkably low levels. From the principles of hydrostatic equilibrium, the total gas
pressure scales directly with gravity, meaning electron density and gas pressure are orders of magnitude
lower in these environments.

Hydrogen atoms possess a highly sensitive linear Stark effect, where energy levels split when
exposed to microscopic electric fields generated by surrounding ions and free electrons. In high-density
dwarf stars, frequent particle interactions induce strong micro-electric fields, creating broad line wings
spanning dozens of Angstroms. In contrast, within the diffuse, low-density photospheres of giants and
supergiants, atomic collisions are sparse and the micro-electric field strength approaches minimal levels,
causing the Stark broadening mechanism to be severely attenuated. Without pressure-induced wings, the
Balmer lines exhibit distinct profiles: they are exceptionally sharp, deep, and narrow. Measuring this lack
of Stark broadening via the line profile shape provides an immediate, reliable criterion for assigning the
luminosity class.

4. Radiatively Driven Stellar Winds and Kinetic Line Asymmetries

Massive luminous stars often operate near or at the Eddington limit, where radiation pressure
balances or exceeds gravitational acceleration. Because hydrogen lines possess exceptional opacity, the
outward momentum flux from the stellar continuum transfers directly to gas ions in the upper
atmosphere. This continuous radiation force drives an outward hydrodynamical expansion known as a
stellar wind, causing the upper atmospheric layers to enter a non-stationary state. This kinetic movement
distorts the symmetry of the core Balmer profiles, most notably in the Hydrogen-alpha line.

In highly luminous supergiants, the Hydrogen-alpha line frequently transforms into a hybrid P Cygni
profile. This complex shape arises from two distinct spatial zones in the expanding wind:

e The Blue-Shifted Absorption Core: The column of gas located directly in front of the stellar disk
moves toward the observer, absorbing continuum photons and shifting the absorption core toward
shorter wavelengths due to the Doppler effect.

e The Red-Shifted Emission Peak: The large, extended envelope surrounding the sides and rear of
the star expands away from or transverse to the observer, scattering and re-emitting line photons in all
directions to generate a broad emission feature.

By measuring the wavelength displacement of this blue-shifted absorption edge, astrophysicists
can calculate the terminal velocity of the stellar wind, which routinely reaches hundreds of kilometers
per second [5, 6].

5. High-Resolution Digital Reduction Methodology via DECH

Modern quantitative spectroscopy relies on high-resolution digital data acquired via Charge-
Coupled Devices (CCDs) coupled to echelle spectrographs. Extracting physical atmospheric parameters
from raw data requires precise mathematical reduction, executed via the specialized DECH software
package. The numerical processing pipeline follows a strict, standardized sequence:

First, Continuum Normalization is performed. Because Balmer lines span a large spectral extent,
establishing an accurate continuous spectrum baseline is crucial. In the DECH environment, the user
identifies anchor points across spectral regions free of strong blending lines, and the software fits these
points using high-order mathematical spline or polynomial functions. Second, Numerical Integration of
Equivalent Width is conducted. The DECH algorithm computes the area enclosed by the normalized
profile relative to the continuum. Because Stark broadening is minimized, the equivalent width values in
supergiants are substantially smaller than those found in dwarf stars of identical spectral classes. Finally,
Profile Core Parameterization is applied. To evaluate macroscopic motions like microturbulence, the
software measures the Full Width at Half Maximum (FWHM) of the absorption core. These observed
profiles are iteratively compared to synthetic profiles generated from model atmospheres to extract
definitive values for effective temperature and surface gravity [5, 6, 7].

Conclusion. Quantitative spectroscopy of neutral hydrogen Balmer lines remains one of the most
robust frameworks for probing the physical conditions within the atmospheres of luminous stars. The
systematic decrease in atmospheric gas density from giants to supergiants manifests clearly as a
suppression of the linear Stark effect, yielding sharp, high-contrast line profiles. Concurrently, the
emergence of asymmetric P Cygni configurations provides a powerful diagnostic tool for quantifying
mass loss and stellar wind dynamics. When combined with advanced digital processing suites like DECH
and atmospheric modeling, the analysis of these fundamental atomic transitions allows astrophysicists
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to map the evolutionary parameters of the universe's most luminous stellar objects with exceptional
reliability.
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Abstract

Is diplomacy really doing the work, or is it just well-dressed bureaucracy? The question keeps
coming back as the world watches simultaneous wars in Eastern Europe and the Middle East. This paper
takes a different angle. Instead of asking where diplomacy failed, it looks closely at one place where it
has clearly worked: the measurable, documented growth of tourism in Albania, the fastest-growing
tourism destination in Europe. The argument is simple. International relations aren't only about
preventing war. they're also a quiet engine of economic development. Albania's data from 2022 to 2025
carries the weight of the argument: 7.5 million arrivals in 2022 climbing to 12.47 million in 2025, with
5.7 billion Euro in foreign tourist spending in that same year. Set this beside countries caught in armed
conflict, from Ukraine to the Gulf, and the contrast becomes hard to ignore. Diplomacy and peace aren't
abstractions. they're the conditions that make prosperity possible.

Keywords: International Relations, Diplomacy, Tourism Development, Albania, Balkans, Soft
Power, Foreign Policy, Regional Cooperation, Conflict and Tourism

1. Introduction

When people debate whether international relations and diplomacy actually work, the
conversation tends to focus on failures. Wars not prevented. Agreements broken. The Russia - Ukraine
war, now past its third year, gets cited often as proof that diplomatic institutions are oversold. The
escalation between the United States, Israel, and Iran from late 2025 into 2026 has only sharpened that
skepticism. These are fair concerns, and they deserve an honest answer.

Here's the thing. Honestly, the all-or-nothing framing hides a much messier reality. International
relations cover a wide range of activities beyond stopping wars: trade agreements, visa liberalization,
regional integration, cultural exchange, security cooperation. Each of these produces concrete benefits
for ordinary people. Nowhere is this clearer than in tourism, which depends almost entirely on the
plumbing of international relations - visa regimes, air connectivity, bilateral agreements, political
stability, and a country's international image.

Albania is the case that makes the argument hard to dismiss. Over the last fifteen years it has
moved from diplomatic isolation to what the Spanish Tourism Board's president recently called one of
"the consolidating emerging destinations of Europe”. None of this happened by accident. it's the result of
a deliberate, still-evolving foreign policy strateqy, and that's what this paper sets out to unpack.

2. Theoretical Framework

Foreign policy shapes tourist flows in ways that are direct and structural. Visa regimes are the most
obvious lever. When entry rules open, arrivals from newly accessible markets tend to climb fast, because
practical and psychological barriers drop together. Tense relations have the opposite effect. Visa
restrictions, travel warnings, and the absence of direct flights quietly drain tourist flows no matter how
beautiful a destination might be. The literature is consistent: political stability has a strong, positive,
statistically significant effect on tourism arrivals, while armed conflict is among the most damaging
shocks a tourism sector can absorb.

Bilateral and multilateral agreements shape tourism through regional mobility and air
connectivity. The EU Schengen Area, the ASEAN Open Skies Policy, and similar frameworks show the
same pattern. When internal mobility friction drops, the hospitality sector responds almost immediately.
The truth is, in the western balkans, the open balkan initiative - albania, serbia, and north macedonia -
attempts the same dynamic through free movement of people, goods, capital, and services.
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Tourism isn't only acted on by foreign policy. it's itself a foreign policy instrument. Building on
Joseph Nye's concept of soft power, scholars have shown that a country positioned as welcoming,
culturally rich, and safe accumulates international goodwill that strengthens its diplomatic standing. The
relationship works as a loop: diplomatic openness attracts tourists, positive experiences generate
favorable media coverage, and that coverage attracts more visitors. Beyond soft power, tourism also
serves as a vehicle for reconciliation. Direct people-to-people contact wears down prejudice and creates
constituencies for peaceful relations that elites can't easily ignore. The Albania - Serbia case, discussed
below, is a striking example.

3. Albania's Diplomatic Trajectory

Albania came out of one of the most hermetically sealed communist regimes in the world in 1990.
Since then, its foreign policy has been organized around two anchors: NATO membership and EU
accession. NATO membership, secured on April 1, 2009, was a turning point. It signaled alignment with
Western democratic values, dropped Albania's perceived risk profile, and delivered the security guarantee
that sustainable tourism needs. The country has since been described as "the anchor of NATO's Balkan
strategy".

EU accession is still ongoing, but pre-accession instruments have already produced tangible,
tourism-positive outcomes. IPA funds have been channeled into tourism infrastructure, cultural heritage
preservation, and local economic capacity in key tourist areas. Alignment with EU regulatory standards
has made Albania more credible as a destination for Western European visitors, now one of the fastest-
growing inbound segments.

Inside the Western Balkans, Albania has pushed regional normalization through the Berlin Process
and the Open Balkan initiative. Trilateral agreements have produced simpler border crossings, mutual
document recognition, and better transport connectivity. Each chips away at the friction cost of visiting
Albania for citizens of neighboring countries. The Albanian Embassy in Belgrade's promotion of Albanian
tourism at the Belgrade International Tourism Fair in February 2024 is a concrete example of tourism
diplomacy in action.

4. Strategic Moves and Tourism Growth, 2022 - 2025

4.1 The COVID-19 Gambit

The foundational moment of Albania's current tourism boom was the decision to open borders to
foreign tourists on June 1, 2020, when most of the world had shut down international travel. The move
was simultaneously a public health gamble, an economic lifeline, and a soft power maneuver. It
positioned Albania as the reference destination for European summer travelers who had nowhere else to
go. The gamble worked. Albania recorded a drop in foreign visitors of only 11% from 2019 to 2021,
against a global average decline of 74% (UNWTQO). Among countries with more than 5 million annual
tourists, it ranked first globally for post-pandemic recovery. The image effect was decisive and long-
lasting: the 2022 record of 7.5 million foreign tourists, 18% over the pre-pandemic peak, with an
estimated 3.6 billion Euro for the Albanian economy, is the direct legacy of that opening.

4.2 Visa Diplomacy: Gulf States and China

Albania's geographic position and Muslim-majority identity have historically served as a bridge to
the Arab and wider Muslim world, and governments have leaned into that affinity through targeted visa
diplomacy. Seasonal visa-free schemes for Saudi Arabia, Oman, and Qatar covering the peak summer
season have turned Gulf nationals into one of Albania's high-spending tourist segments. Relations with
the UAE have deepened further: UAE investments reached 52 million Euro in 2024, a 280% jump on the
prior year. Direct flights now connect Tirana to Dubai and Abu Dhabi, and the visit by UAE President
Mohammed bin Zayed Al Nahyan to Tirana in February 2025 lifted the relationship to a new strategic
level.

The January 2023 visa-free agreement with China, allowing stays of up to three months without a
visa, opened a previously inaccessible market. China is the world's largest source of outbound tourists,
and the agreement followed seasonal visa-free pilots in 2018, 2019, and 2020. The effect was
immediate. Arrivals from East Asia and the Pacific grew by roughly 172% in the first seven months of
2023 compared with the same period in 2022, the largest growth rate of any source region.

4.3 Performance Data, 2022 - 2025

Albania's tourism performance from 2022 to 2025 is one of the more remarkable development
stories in recent European tourism history. In 2022, the country recorded 7.5 million foreign tourists, an
18% increase over the pre-pandemic record. In 2023, arrivals climbed to roughly 10.2 million, a 35% year-
on-year increase, while net tourism revenue reached 1.84 billion Euro. Growth continued in 2024 with
11.7 million arrivals, a 15.2% increase, and tourism revenues touching 3.8 billion Euro in the first nine
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months alone, contributing roughly 20% of GDP. Albania was ranked Europe's fastest-growing tourism
destination, with an 86% growth rate compared to pre-pandemic levels. In 2025, INSTAT confirmed
another record: 12.47 million foreign arrivals (a 6.3% increase, deliberately moderated toward quality
over volume) and a record 5.7 billion Euro in foreign tourist spending, a 15% increase over 2024 and the
highest tourism revenue figure ever recorded in the country's history. Average spend per foreign visitor
climbed to 460 Euro in 2025, up from 427 Euro in 2024. The trajectory has lined up almost perfectly with
Albania's most intensive period of diplomatic activity.
Table 1. Albania foreign tourist arrivals and key diplomatic context, 2019 - 2025

Year | Foreign Arrivals Key Diplomatic Context

2019 | ~6.4 million (pre-pandemic record) | EU candidate, NATO member

2020 | ~2.6 million (pandemic) Border reopened June 2020

2021 | ~5.7 million First post-pandemic recovery

2022 | 7.5 million (new record) Open Balkan active, new record post-COVID

2023 | ~10.2 million China visa-free; EU negotiations accelerate

2024 | 11.7 million UAE strategic partnership; WTTC #1 in Europe

2025 | 12.47 million 5.7B Euro revenue record; Iran conflict redirects tourists

4.4 Digital Diplomacy and Social Media

Digital tourism promotion has become hard to separate from the diplomatic toolkit that small
nations rely on. Actually, for albania, several things came together at once: euro-atlantic integration
brought eu digital standards, unrestricted access to global platforms, and a more transparent requlatory
environment, while short-form video on tiktok and instagram exploded in parallel. The combination
produced a tourism promotion effect that no conventional advertising budget could have replicated.
Diaspora artists like Dua Lipa, Rita Ora, and Bebe Rexha, who publicly celebrate their Albanian heritage
to combined global audiences in the hundreds of millions, have functioned as an unpaid, highly credible
ambassador corps. Research on the 2023 tourism surge identifies this social media effect as one of the
three primary drivers of growth alongside visa liberalization and regional integration. The tricky part is
that this digital dimension is itself a product of international relations. A closed Albania wouldn't have
the platform access, the diaspora visibility, or the credible international image needed to use
digitalization as a tourism instrument.

5. The Albania - Serbia Case

The Albania - Serbia relationship is a useful test case, both for what diplomatic normalization can
do and where it still hits a wall. The legacy of the Kosovo conflict, deep nationalist narratives, and
inflammatory incidents like the drone moment during the September 2014 Euro qualifier in Belgrade
looked at the time like insurmountable barriers. Yet exactly one month after that incident, Prime Minister
Edi Rama travelled to Belgrade, the first visit by an Albanian prime minister in 68 years. That opening
launched a normalization process which, despite resistance from nationalist quarters on both sides, has
produced remarkable tourism outcomes.

Between the leaders, things have looked broadly constructive. Among populist counterparts, less
so. Serbian nationalist politicians have publicly discouraged citizens from visiting Albania. The practical
response of Serbian tourists was unambiguous. Arrivals grew from roughly 3,000 to 6,000 per year in
2018 - 2019 to an estimated 110,000 in 2023, and over 150,000 by 2025, with a 16% growth rate in
January - July 2025 and a 28% surge in July alone. As one Albanian operator working with the Serbian
market put it, "the tens and hundreds of statements of politicians absolutely can't be louder and more
powerful than the tens of thousands of tourists who have already been in Albania.” The Open Balkan
initiative's removal of passport requirements between Serbia and Albania from January 2021 created
the structural conditions that made this flow possible.

Albanian Foreign Minister Ferit Hoxha's bilateral meeting with Serbia's Foreign Affairs Minister
Marko Buric¢ in May 2026, focused on economic ties, consular expansion, and bilateral cooperation,
represents the quiet maintenance work that keeps the normalization architecture standing. In this case,
tourism has been both a beneficiary and an accelerant of diplomatic progress. The sector has outpaced
political resistance, creating facts on the ground that make backsliding increasingly costly.

6. Wars and Their Destructive Toll on Tourism

6.1 The Russia - Ukraine War

The Russia - Ukraine war, in its full-scale invasion phase since February 2022, has done deep and
lasting damage to European tourism. Research published in Current Issues in Tourism (2026), using
difference-in-differences across 27 European countries, confirms that nations neighboring the conflict
zone experienced significantly larger tourism declines than non-neighboring countries. The impact spread
far beyond the directly involved states. Ukraine, which contributed roughly 70,000 tourists to Albania in
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2021 alone, effectively stopped functioning as both a tourist-sending and tourist-receiving country after
February 2022. The war's inflationary shockwaves - energy price spikes, supply chain disruptions, reduced
household disposable income - created structural headwinds for European tourism throughout 2022 and
2023. With no ceasefire in sight, those costs keep accumulating.

6.2 The Iran War and the Middle East Collapse

The escalation involving the United States, Israel, and Iran from late February 2026 has triggered
what Oxford Economics describes as a potential 11 - 27% decline in international arrivals to the Middle
East in 2026 - a loss of 23 to 38 million visitors and between 34 billion and 56 billion dollars in tourism
spending in a single year. The WTTC estimates that every day of war costs the Middle East tourism
industry approximately 515 million Euro, against a regional sector valued at 367 billion Euro annually.
Before the conflict, the Middle East and North Africa had been, in UNWTQO's words, "one of the fastest-
growing tourism regions in the world", with nearly 100 million international travelers in 2025. That
momentum has been wiped out almost overnight.

The physical effects on aviation have been severe. Within 48 hours of the February 2026 escalation,
over 5,000 flights were cancelled. Within four days, the count exceeded 19,000. Airspace closures over
Israel, Iran, Irag, Kuwait, Qatar, Bahrain, and the UAE shut down some of the busiest aviation corridors
in the world. Gulf airports, which handle roughly 14% of all global passenger traffic, were effectively
closed. The war's reach extends well beyond the Middle East. The Eastern Mediterranean - Cyprus,
Turkey, Greece - has absorbed spillover anxiety from European holidaymakers now switching to what
travel agencies describe as "familiar, easy-to-reach locations": Spain, Italy, Malta, Croatia, and
"consolidating emerging destinations such as Albania and Montenegro." Albania, already on a record-
breaking trajectory, is well positioned to absorb a portion of that displaced demand thanks to geography,
established Gulf-state diplomacy, and a competitive price point that still surprises first-time visitors.

7. Conclusions and Policy Implications

Albania's tourism trajectory from 2022 to 2025 - from 7.5 million to 12.47 million visitors, from
3.6 billion Euro to 5.7 billion Euro in foreign tourist spending - is more than a success story for one small
Balkan country. it's a proof of concept for the economic value of strategic international relations. NATO
membership provided the security guarantee. EU accession negotiations drove institutional reform and
Western European market access. Visa liberalization opened the Gulf and East Asian markets. The Open
Balkan initiative reduced regional friction. And the normalization process with Serbia, contested as it's,
showed that diplomatic progress generates real economic gains even when politics resist.

The contrast with the Russia - Ukraine and Iran conflicts is deliberately instructive. These wars have
devastated the tourism industries of the directly involved countries and imposed significant negative
externalities on the entire international tourism system, from Eastern Europe to the Gulf. The cost of
diplomatic failure, in tourism revenue alone, runs into hundreds of billions of dollars each year.

For policymakers in Albania and across the Balkans, a few practical implications follow. Visa
liberalization should continue to be treated as a high-take advantage of development instrument. Market
diversification toward Western European and East Asian visitors needs to keep moving so the sector
reduces structural dependence on diaspora tourism. The Open Balkan initiative deserves deepening and
expansion. And tourism should be explicitly integrated into bilateral diplomatic agendas, not only as
economic policy but as a tool of people-to-people reconciliation. The Iran conflict's displacement of
Middle Eastern tourists toward Europe, and specifically toward emerging Mediterranean destinations, is
an immediate window that Albanian foreign policy and tourism promotion authorities should use while
it's open.

Diplomacy, in the end, isn't overrated. As Albania's experience shows, it's the foundation that
sustainable development, including tourism development, gets built on.
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Abstract

The article examines the development trends of the modern real estate market of the Republic
Tajikistan in the context of economic digitalization. Special attention is paid to the analysis of
macroeconomic indicators, the development of the construction sector, and the impact of digital
technologies on the real estate market. Based on statistical data for 2020-2024, the main trends in the
growth of the construction industry, investments, and housing construction have been identified.

LLiapxu myxmacap

Jlap makosia mamorosixou pyuiou 6030pu Myocupu amsosiu 2alpumMaHKyiu Yymxypuu ToquKucmoH
dap wapoumu pakamukyHoOHUU UKMUCOOUém maspudu maxkuk kapop doda wydaaHo. ba maxsuau
HUWOHOUXaHOaxou Makpoukmucood, pyuwodu 6axuwiu COXMMOH Ba MAbCUPU MExHO/102usxou pakamd 6a
6o30pu amsosiu 2alipuMaHKy/1 OuKKamu mMaxcyc doda wyoaacm. Jap acocu mabjiymomu omMopd bapou
conxou 2020-2024 mamoro/ixou acocuu pywuou coxau CoOXmMOH, capmosi2y3opld Ba COXMMOHU MAH3UJ
myadsH Kapoa wyoaaro.

AHHOMAayus

B cmambe uccnedyromcs meHOeHyUU pa3Bumusl COBPEMEHHO20 PbIHKA HEeOBUMUMOCMU
Pecnybauku TadxuKUCmax 8 ycoBUsIX yugposuzayuu 3koHomuku. Ocoboe BHUMAaHUe YoesieHo aHaau3y
MAKPOIKOHOMUYECKUX Nokasamesel, passumuro CMPOUMEsbHO20 CeKmopad U BAUSHUKO UUPPOBbLIX
MexHo102ul HA PbIHOK HEOBUXCUMOCMU. Ha ocHoBe cmamucmuyeckux 0aHHbiX 3a 2020-2024  ze.
BbISIB/IEHbI OCHOBHbIE MeHOeHuUU pocma CmpoumesibHol Ompacsu, UHBECMUUUl U MUIUUIHO20
cmpoumesibCmad.

Keywords: real estate market, digitalization, construction, investments, electronic cadaster, BIM
technologies, smart city, digital economy, Tajikistan

Kanuosoxcaxo: 6030pu amsosiu 2alpumMaHKyJi, PakamukyHoHU, COXMMOH, capmos2y3opU, kKaoacmpu
2/1eKmMpPoHU, mexHoaozusxou BIM, smart city, ukmucoou pakamd, ToYUKUCMOH.

KnroyeBble C/10BA: PbIHOK HEOBUMUMOCMU, UUGPOBU3AUUS, CMPOUMeIbCMmBo, UHBECMUUUU,
2/1eKMPOHHbIU Kadacmp, BIM — mexHonoauu, smart city, uugpposas 3KOHOMUKA, TAOXUKUCMAH.

Pazsumue pbIHKA HEeOBUMUMOCMU ABJAEMCA BAXHLIM (GAKMOPOM 3KOHOMUYECKo20 pocmad
20Cy0dpcmBd, NOCKOJIbKY OAHHAS OMPAc/ib MEeCHO CBA3AHA CO CMPOUMEbLCMBOM, UHBECMUUUSMU,
6aHKOBCKUM CeKMOPOM U coyuaabHol UH@pacmpykmypol. B coBpemeHHbIX YCI08UaX LUGpoBU3AUUS
CMAHOBUMCS 00HUM U3 3HAYUMbIX pakmopos NOBbILEHUS 3PPeKmUBHOCMU PYHKUUOHUPOBAHUS PbIHKA
HeoBUXUMOCMU, KOMOopbIl B8 CBOK 04epedb OKA3bIBAeM 3HAYUMEesIbHOe BUSHUE HA UHBECMUUUOHHYHO
aKmMUuBHOCMb, YpoBeHb YpbaHu3auyuu, pazsumue CmpoumesibHol Oompaciu U KAa4ecmso HU3HU
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HaceneHus B ycnosusx 2nobasibHol yugdposol mpaHchopmayuu ocobyro akmyaabHoCms npuobpemaem
BHeOpeHue yugposbIXx mexHosao2ul 8 NPOUECChb! YNPasIeHUs HeOBUXUMOCMbI, 20CY0apCMBEeHHO20
pe2ysIupoBaHUsi U CMpPoUMesIbHo20 NPOU3BOOCMAA.

B Pecnybnuke Taoxcukucmad passumue yugposol 3KOHOMUKU onpedesieHo O00HUM U3
npuopumemHbIX HanpasjaeHud 2ocyoapcmaeHHol Nosaumuku. locmarosneHuem  [pasumesibCmBaa
Pecnybnuku TaoxuxkucmaH N° 642 om 30 Oekabps 2019 200a ymsepxcdeHa KoHuenuyus uugposol
SKOHOMUKU Pecnybauku Tadxwukucmad [1], npedycmampusarousas sHeopeHue yu@dposbix mexHoso2ull
BO BCE omMpac/iu 3KOHOMUKU. B 2026 200y makxce bbiaa ymaepxicoeHa CpeoHecpo4yHas npocpamma
paszsumus yugposol 3koHoMuku Ha 2026 — 2030 200bl, OpUeHMUPOBAHHAS HA YCKopeHue yugposol
mpaHchopmauyuu ompacsiell SKOHOMUKU U 20Cy0apCmBeHH020 ynpassieHus [2].

Ha ¢oHe akmusHolU ypbaHusauuu, pocma MUAUUIHO20 CMPOUMeIbCMmBA U NOBbILUEHUS
UHBECMUUUOHHOU aKmMUBHOCMU BO3HUKAem HeobXxoo0umoCcms MOOEPHU3AUUU PbIHKA HeOBUMUMOCMU HA
0CHOBe UuppoBbIX pelieHUU.

PbIHOK Hedsuxwumocmu Pecnybiuku TaoXUuKuUCmaH B8 NOCIE0HUe 200bl Xapakmepusyemcs
YCMOoUYuUBbLIM ~ POCMOM ~ 06bEMOB  XUIUWHO20 —~ CMPOUMENbLCMBAd,  pacluupeHue — 20podckoll
UHGPACMPYKMYPb! U YBE/IUYeHUEeM CNPOCa HA YUY U KOMMepPYecKyto HeoBUuXumocms. OCObeHHO
akmusHoe passumue Hab1ro0aemcs 8 KpYynHbIX 20podax, npexcoe scezo 8 [yuiaHbe, 20e popmupyromcs
HOBbIe YCUJIble KOMNJIeKChI, 0e/108ble UeHmPbl U 06beKkmbl uHGpacmpykmypsl. OOHOBPEeMEeHHO ¢ 3MumM
COXPAaHsaemcs pso0 cUCMeMHbIX NPobsieMm:

- He00CMAmMOoYHAasi NPO3PAYHOCMb PbIHKA,

- 02PAHUYeHHbIT docmyn K 00CmoBepHoU UHGOPMALUU O HEOBUXCUMOCMU;

- BbICOKUU YpoBeHb bYyMax3Ho20 00KyMeHmoobopoma;

- HU3KAas cmeneHb asmoMamu3ayuu KadacmposbiX U pe2ucmpayuoHHbIX NPoyedyp;

- HeE0OCMAmMOoYyHoe pazBumue UugpoBbIX NAAM@OOoPM.

B ycnosBusx uugdposol 3KOHOMUKU OaHHbIe Npobjiembl CMAHOBAMCH CYUWeCmBeHHbIM 6apbepom
0/151 NOBbIWEHUS UHBECMUUUOHHOU NpUBIeKamesibHOCMuU OMpacsu.

Lna oueHKu meHOeHyuld pazBuUmus PbIHKA HEOBUXCUMOCMU Heobxo0umMo NpoaHau3uposams
OCHOBHbIE MAKPO3KOHOMUYecKue nokazamesnu Pecnybauku Taoxwukucmad 3a 2020-2024 22,
npedcmasnieHHble 8 mabsuue 1.

Tabauua 1. — OCHOBHbIe MAKPOIKOHOMUYecKue nokazamesu PT 3a 2020-2024 2a.

Ne [00b! Temn pocma
n/n [Tokazamerib Eo.u3m. 2020 2021 2022 2023 2024 2024 12/5020 2
7 2 3 4 5 6 7 8 9
1. | BB MIH. 1 969583 | 101076,3 | 1181817 | 132781,9 | 153402,2 176,4
COMOHU
BB/1 Ha oyuty comonu | 89222 10312 | 118388 | 130392 | 145979 163,61
HacesieHus
YposeHb uHGAaLUU % 85 9.0 6,6 3,7 35
4, | Aoxooei coMoHu | 6725,156 | 8143,059 | 9438472 | 11733,24 | 13940,77 207,2
Ha Oywy HaceaeHus
5, | VHBecmuyuu s MIH. 1 117755 | 151249 | 166552 | 206998 | 230423 195,7
OCHOBHOU Kanumasn COMOHU

CocmasnieHa asmopom. Cmamucmuyeckul exce2o0HUK PT, 2025 e.

Tabauua 1 nokasbisaem obWYH SKOHOMUYECKYH CPedy, B/IUSHOWYIO HA PbIHOK HEOBUMCUMOCMU.
JlaHHble mabuubl cBudemenbCMBYM 0 NOJIOXUMEe/IbHOU OUHAMUKE COUUATbHO-2KOHOMUYECK020
paszsumus Pecnybsuku Taoxukucmad. 3a ucciedyembil nepuod obbem BBI1 ysenuyusica ¢ 86958,3
MJIH.coMOHU B 2020 200y 00 153402,2 maH.comoHu 8 2024 200y, 20e memn npupocma cocmasusn 76,4
%. 9mo csudemesibcmayem 06 ycmoU4uBOM 3KOHOMUYECKOM pOCme CMpPAHbl, KOMOPbIU 0KA3biBaem
HenocpedcmBeHHoe B/IUSHUE HA PA38UMUE PbIHKA HEOBUXUMOCMU U CMPOUMeibHO20 CeKmopd.

lokazamesb BBl Ha dywy HaceneHus makxe 0emoHcmpupyem YCmoUldyusyro NOIOXUMESbHYHO
ouHamuky. B 2024 200y oH docmue 14597,9 comoHu npomus 8922,2 comoHu npomus 2020 200y. Pocm
00X0008 HaAcesieHuss CNOcobcmByem YBenuYeHuro NaamexecnocobHo20 CNpoca HAa U/ibe U
KOMMepYecKyro HeOBUXUMOCMb. [josig cmpoumesibHol ompacau 8 BBl 3a paccmampusaemsit nepuoo
coxparsaemcs 8 npedenax 8 %, 4mo noomsepxoaem CmMpame2ud4ecKyro poJib PbIHKA HEOBUXUMOCMU B
COUUA/IbHO-3KOHOMUYECKOM pazsumuu Pecnybiuku TadXuKUuCmaH.

Ocoboe 3Ha4YeHue umeem CHUMeHue yposHS uHGaayuu ¢ 9,0 % 8 2021 200y 0o 3,5 % B 2024 200y.
Cmabunusayus UHGAAUUOHHBIX Npoyeccos cozdaem bosee b1azonpusmHbie Yci08us 0715 00/120CPOYHbIX
uHBeCMuUUYUl B HEOBUXCUMOCMb U NOBkILLAEM YCMOoUYUBOCMb CMPOUMETbHO20 PbIHKA.
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Jloxo0b! Ha dywy HaceneHus 3a paccmampusaembit nepuod Bbipocsiu bosee yem 8 08a pasa.
JlaHHBIU akmop nosoxumesbHO BJUSeM HA pa3sumue UnomeyHo2o KpeoumoBaHus, pacuiupeHue
HUTULWHO20 CMPOUMETbCMBA U AKMUBU3AYUI0 onepayuli Ha pbiHKe HeOBUXUMOCMU.

VIHBecmuuyuu 8 0CHoBHOU KanumaJsi 3a paccmampusaemsit nepuod yaeauqunucs ¢ 11775,5 miH.
coMoHU 00 23042,3 MJIH. COMOHU. Pocm UHBECMUUUOHHOU akmuBHOCMU csuoemesnscmsyem ob
YcusleHuu posiu KanumasabHOo20 CMPoUMesbCmBad U UHGPAcmpyKmMypHbIX NPOEKMOB B 3KOHOMUKE
CMPaHeil.

Takum 0bpazom, MaKkpo3IKOHOMUYECKUe NokKazamesiu NoOmBep}0drom Haau4ue obbeKmuBHbIX
npeonocbiIok 019 OdsibHedwe2o pa3sumus PbIHKA HeoBUXUMOCMU Pecnybiuku TaoduKUCMasx,
BK/IHOYAs BHEOpeHUe YudpoBbix mexHo102ull U 3/1eKMPOHHbBIX CUCMEM YNPasieHUs.

Pazsumue pbIHKA HeO0BUMUMOCMU MECHO CBA3AHO C OUHAMUKOU CMpOUMEsbHO20 CeKmopa
(Tabnuya 2).

Tabsuya 2. — [lokazame/iu pa3sumusi CmpoumesibHo20 cekmopa PT 3a 2020-2024 za.

® [Tokazamesib E0.usm [ooLs
n/n -L3M. 2020 2021 2022 2023 2024
7 2 3 4 5 6 7 8
7. | Obbemcmpoumenshbix MEIC. | 17895642 3 | 225001076,3 | 24597325,7 | 30154695,2 | 33155074,6
pabom COMOHU
BB0d yunbs MbICM 1463,4 1546,0 1739,5 1823,0 1796,7
Mrsecmuyuu 8 MIIH. 23787 4261,7 45085 6367,7 74575
cmpoumesibCmaso COMOHU
4 ggﬁ” cmpoume/ibcmaa & % 10,6 11,3 11,2 11,2 8
5, | Onepauuu c HedsuxcumeiM | - MIH. 1103,3 1228,9 13230 13393 1340, 1
umyuwecmsom COMOHU

Cmamucmuyeckuli cbopHUK -CmpoumesibcmBo 8 Pecnybsiuke Tadxcukucman, 2025e.

Paszsumue pbIHKA HEeO0BUMUMOCMU MEeCHO CBA3AHO C OUHAMUKOU CMPOUMesIbHO20 CeKmopd,
YPOBHEM UHBECMUUUOHHOU aKMUBHOCMU U ONepayUsMu C HEOBUXCUMBIM UMYULeCMBOM. AHA/IU3 OAHHbIX
mabsuybl 2 NO3BOJISEM BbISBUMb OCHOBHbIE MEHOeHUUU passumus CmpoumesbHol ompaciu
Pecnybuku TaoxuKucmar.

CoennacHo O0aHHbIM mabsuybl, 0bbem cmpoumesbHbiX pabom ysenuduncs 8 2024 200y no
cpasHeruro ¢ 2020 2. (33,2 map0. COMOHU), npupocm cocmasus 85 %. Smo csudemesnbcmsyem o6
aKMUBU3AUUU  UHBECMUUUOHHO-CMPoUMesbHol — 0esmesibHOCMU, — PAcliupeHuu  MUJIULWHO20
cmpoumesibCmBd, pOCMe CNPOCA Ha HeOBUMUMOCMb.

lokazamesib BB00A HUJbS MAKME 0eMOHCMPUPYEem NOJIOXUMEbHYH OuHamuky. Ecau 8 2020
200y 6b1/10 BBEOeHO 1463,4 mbic.M? usbsd, mo 8 2023 200y nokaszamesib 00Cmu2 MakCUMasabHO20
3HaveHuss — 1823,0 meic.M?, a 8 2024 200y Hab0aemca He3HaqyumesibHoe CHuxeHue 0o 1796,7
MbIC.M?, YMO Moxem bbimb CBA3AHO C POCMOM CMOUMOCMU CMPOUMeE/IbHbIX MAMEPUArIOs, yBeudeHue
cebecmoumMocmu CMpPoUMesIbCMBAd, UHGAAUUOHHBIMU NPOUECCaMU, U3MEeHeHUeM UHBEeCMUUUOHHbIU
KOHBHOHKMYPbI. Hecmomps Ha Hebo/ibuioe CHUXEHUE, 06bemM HUIUUHO20 CMPOoUMe/IbCmBa 0CMAaemcs
BbICOKUM. 3mMO cBudemesibCmayem 0 COXPAaHeHUU CNPOCa HA XUJIYH HEeOBUXUMOCMb, NPOOOJIHEHUU
npouecca ypbaHu3auuu, pazsumuu #UauuHoOU UHGPACMPYKMypsbi.

VIHBecmuyuu B8 CMpoumesibCMABO0 3a aHAAUu3Upyembil nepuod yaesnuyusucs bosee yem 8 3,1 pasa
(c 2378,7 mnH.comoHu 00 7457,6 MJIH.COMOHU). Pocm uHBeCmuyuoHHOU akmusHOCMU ¢opmupyem
0CHOBY 0/151 0a/IbHelWwe20 pazBuMuUsi COBPEMEHHO20 PbIHKA HEOBUMCUMOCMU.

Jlona cmpoumesnibcmaa 8 BBl 8 meyeHue 2020-2023 22. COXpaHAIAck Ha 00CMAMOYHO BbICOKOM
yposHe — 10,6 — 11,3 %. Omo nodmasepxdaem o 3Ha4yumesibHOM BK1aoe cmpoumesibHolU ompacsiu 8
3KOHOMUKY CMPAHbI, BbICOKOM YpOBHE KanUMaa006pa3zoBaHus, akmusHOM passumuuU UHBECMUUUOHHO-
cmpoumeJibHbIx npoueccos. CHUXeHUe yoeslbHo20 Beca cmpoumesibcmaa 8 BBIT 8 2024 200y c8513aHO ¢
bosee bbICMPbLIM POCMOM Opyeux ompacseld 3KOHOMUKU, yBesudeHuem obuje2o obbema BB/,
CMPYKMYPHbIMU U3MEHEeHUSIMU 3KOHOMUKU.

Obbem onepayuli ¢ HEOBUXCUMbIM UMYWEecmBom yseauduscs ¢ 1103,3 maH.comoHu 8 2020 200y 00
1340, 1 maH.comoHu B 2024 200y, Ymo caudemesibcmayem 0 COXPaHeHUU NOAOXUMeIbHOU OUHAMUKU
PbIHKA HedBux cumocmu 200y. Pocm onepayul ¢ HeOBUXCUMBIM UMYU4eCMBOM OMPaxaem nNoBblUIeHUe
PbIHOYHOU AaKMUBHOCMU, YBE/UYeHUe KOIU4eCmBo COesloK KYnJu-npooaxu, pa3sumue dpeHOHbIX
omHoweHud, pacluupeHue UHBeCMUYUOHHO20 CNPOCA HA HEOBUXUMOCMb

s oueHKU @UHAHCOBbIX GAKkmMopos  pazBUMUST PbIHKA HEOBUMUMOCMU Heobxooumo
NpoaHau3upoBames OUHAMUKY KpeoumoBaHUSI 3KOHOMUKU U UNOMEYHOo20 cekmopa Pecnybuku
Tao#uKUCMar.
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Tabauua 3. - ViHopmauus o BbIOAHHBIX Kpeoumax N0 ompacsiaMm 3KOHOMUKU Pecnybiuku
Taoxukucmad 3a 2024-2025 2a.

SHBapb-HOS6pb AHBAPb-HOA6Pb Vsmenerue
Ne 2024 a. 2025 e. Temn
n/n Ompaciu MJTH MJTH pocmd, % (+ysenuy/-
’ % ’ % ’ CHUMCeHue)
COMOHU COMOHU
7 2 3 4 5 6 7 8
Bceeo 218648 100 26724,0 100 122,2
1. [IpoMbILLIEHHOCMb 2828,0 12,9 2257,7 84 79,8 4,5
2. CesibcKoe x0350cmBo 2807,0 12,8 3165,3 11,8 112,8 -1,0
3. Cmpoumeibcmso 884,2 4.0 1267,2 4,7 143,3 +0,7
4. TpaHcnopm 130,2 0,6 148,8 0,6 1143 0
5. Yenyeu 1693,9 7,8 21347 80 126,0 +0,2
6. | Topeosna u  obuwecmsenHoe | 3n499 | 140 | 38372 | 144 1258 +0,4
numadue
/. lompebieHue 7916,7 36,2 10716,2 40,1 1354 +3,9
g | Vnomexa - (noKynka . MUMLF, | 1405, | g 1808,2 6,8 121,7 0
KanumasnbHbil pemoHm)
9. Asmokpedum 752 8 35 9834 3,7 130,6 +0,2
10. | Apyeue 3170 1,4 405,3 1,5 127,9 +0,1
Cmamucmuydeckud C5OPHUK - COL{UGﬂbHOOKOHOMU‘JeCKOQ noJioxceHue Pecny6/7u1<u

Taoxukucmad, 2025 a.

JlaHHble mabnuybl 3 csudemesibcmByrom 06 aKMUBHOM paclUpeHuU KpeodumHo20 PbIHKA
Pecnybuku Taoxukucmad. Obuult obbem BbI0aHHbIX Kpeoumos yseaudusca ¢ 21864,8 M/H. CoMOHU
0o 26724,0 MIH. COMOHU, Ymo coomsemcmsyem npupocmy 8 22,2 %. Haubosee sbicokuld pocm
Habirodaemcss 8 cmpoumesibcmae, 8 NompebumesibCKOM KpeoumoBaHuU, 8 dBMOKPEOUMOBAHUU.
Ocobbil uHMepec npedcmassisgem OUHAMUKA KpeoumoBaHus CmpoumesibHol ompac/u, npupocm 8 43,3
% csudemesibcmsyem 06 AKMUBAUUU UHBECMUUYUOHHbIX NPOUECCOB U PACUIUpeHUU CmpoumesibHoU
desimesibHOCMU. Mo HANPSIMYHo CBA3AHO C PA3BUMUEM PbIHKA HEOBUXUMOCMU, YBe/ludeHuemM cnpoca
Ha Xuibe U UHGpacmpykmypHbie 06bekmeai.

VinomeyHoe KpedumoBaHue S8/19emcs 00HUM U3 K/TH0YeBbIX MeXAHU3MOB Pa3BUMUS COBPEMEHHO20
pbIHKA Hedsuxumocmu. C02/1acHO NPeocmassieHHbIM OdHHbIM, MemMn pocma obbema UnomeYHbIX
kpedumos B8 2025 2ody cocmasun 121,7 %, 4mo csudemesibcmsyem 0 NOCMeneHHOM pacluupeHuu
UNOMEYHO20 PbIHKA B CMPAHe. 3mom pocm 06Yyc/i08/1eH pA0oM Gakmopos, MAKuX KAk: YyBe/udeHuUe
doxo0oB HacesieHusi, pocm nompebHOCMU B XUJbe, PacluupeHue MUAUUiHO20 CMpoumesibCmad,
paszsumue 6aHKOBCKUX yC/ye, ycuaeHue ypbaHuzayuu.

Vinomeka uzpaem BAXCHYHO pPoOJib B CMUMY/IUPOBAHUU CNPOCA HA MUY HEOBUXCUMOCMb,
UHBECMUUUOHHOU ~ aKmuBHOCMU,  CMPOUMEsIbHO20 — NPOU3BOOCMBA,  pA3Bumusi  20po0ocKol
UHppacmpykmypeai. OO0HoBpemMeHHO unomeyHoe KpeoumoBaHue cnocobcmsyem
MYJIbMUNJIUKAMUBHOMY 3pdeKmy 8 3KOHOMUKE, NOCKOJIbKY PA3BUMUE PbIHKA XCUJbS CMUMY/IUPYem
Npou3BOOCMBO CMPOUMEsIbHbIX MAmepuaaos, MPAaHCNOPMHbIE Yy, dpXumeKkmypHO-NPOEKMHYH
desmesnibHOCMb, UUPPOBbIE CepBUChH] HEOBUXUMOCMU.

CmpykmypHbIl  aHaau3 nokasbisaem, 4mo Haubosbwyro 00/110 B8 KpeoumHoM nopmaerse
3aHumMaem nompebumesibckoe KpeoumosaHue — 40,1 % 8 2025 200dy. [lonsg cmpoumesibHo20 ceKkmopa
yBenuyunack ¢ 4,0 0o 4,7 %, ymo noomsepxcdaem ycusaeHue posau CMmpPoumesbCmBd B8 3KOHOMUKE
CMPAHsI.

Ocoboe BHUMAHUe 3acayxwusaem cmabusibHas 008 UNOMeYHo20 KpeoumosaHus — 6,8 %.
Hecmompsi Ha pocm abcosmomHo20 obbemMa UnomeYHbIX Kpeoumos, uxX yoesbHbId Bec 8 obujel
CMpyKmype KpedumoBaHusi OCMAemcs Heu3MeHHbIM. 3MOo 03Ha4yaem, 4Ymo UNOMEeYHbIU pPbIHOK
passuUBAeMCs NAPAMIe/ibHO C 06WUM pPocmoM OAHKOBCKO20 KpeoumoBaHus, OOHAKO NOKA He
0eMOHCMpUpyem onepex}caroujeco pocmd, NOKA O0CMaemcss OMHOCUMEsIbHO 02PAaHUYeHHbIM NO
CPABHEHUIO C pa3BUMbIMU CMpPaHamu. OCHOBHbIMU NPObIeMamu SBJISFOMCA:

- BbICOKU® NPOUEHMHbIe CMAasKu;,

- 02paHuYyeHHas 00CcmMynNHOCMb 00/120CPOYHbIX Kpeoumos;

- He0oCMamoyYHbIl YypoBeHb 00X0008 HACe eHUs;

- 02PAHUYEHHOCMb YUGPOBLIX UNOMEYHBIX NAAMPOPM.

B coBpeMeHHbIX YC0BUSX YUdpoBU3AUUS CNOCObHA CYUeCMBEHHO NOBbICUMb 3PHEKMUBHOCMb
UuNoOMeYHo20 KpeoumoBaHuUs.

Haubonee nepcnekmuBHbIMU HANPAB/IeHUSMU SBJISHOMCA:

- 3/1IeKMPOHHAA NOOAYa UNOMeYHbIX 3AIBOK;
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- yugpposas uoeHMuUPUKauUs KIueHmos;

- OH/IAUH-0UEeHKAa HeoBUXUMoCcmu;

- uHMezpayusi 6aHKOBCKUX U Ka0acmpoBbkIX CUCMeM,

- 3/IeKMPOHHASA pe2uCmpayus COesok;

- ucnoJ/ib3o8arue Big Data 015 oueHKU NAamexecnocobHOCMU 3aeMUUKOB.

BHedpeHue yugpoBbix UNOMeEYHbIX NAAM@OPM NO3BOAUM COKPAMUMb CPOKU OGPOPMIICHUS
Kpeduma, CHU3UMb MPAH3AKUUOHHbIE U30epPXKU, NOBbICUMbL O0CMYNHOCMb UNOMEeKU, YBesau4ums
NPO3pavYHOCMb 0NEPayUll Ha pbIHKE HEOBUMCUMOCMU.

AHanu3 cmamucmuy4eckux nokazameseld Nnokasbieaem, 4Ymo OdsibHelulee pas3sumue pbiHKA
HeoBUXUMOCMU HEBO3MOXHO 6e3 KoMnaekcHolU mpaHcgopmauuu ompaciau. Ljugposusauyus pbiHKa
Hedsux}umocmu npeocmassigem cobol npouecc BHeOpeHUs UHPOPMAUUOHHO-KOMMYHUKAUUOHHbIX
mexHos02ul B onepayuu Kynu-npooaxc, apeHobl, OUeHKU peaucmpayuu u ynpassieHus obbekmamu
HeoBUMCUMOCMU.

o0 yugpposuzayuel 8 cepe HedBUICUMOCMU NOHUMAeMCca UHMe2pauus uudpossix mexHoao2ud
u naameopm 0711 onMUMU3AYUU NPOUECCcoB, NOBbILLEHUS 3¢dekmusHocmU u obuied Npo3payHoCmu
ompacau [4].

B mabnuue 4 npusedeHb! Haubosiee nepcnekmuBHble HanpasaeHUs NPoUecca yugdposu3ayuu.

Tabsuya 4. — OcHoBHbIe HaNPABICHUS LUGBPOBU3AUUU PbIHKA HEOBUXCUMOCMU

n/n Ljugpposbie mexHono2uu Pe3zynismam

1 2 3

Co30aHue eduHol uugposoli naameopmbi no3so/um
asmomMamu3upoBams:

- pe2uCmpayuUro HeOBUMUMOCMU;

- cO0esIKU KynJiu-npooaxcu;,

- apeHoy;

- Kadacmposbil y4em;

- OUEHOYHYI0 0eme/IbHOCMb.

2ieKmpoHHble NAam@opMbi
HeOoBUMUMOCMU

BHedperue BIM-modenuposarus cnocobcmayem:

- COKPauWjeHuro CMpoumesibHbIX 3ampam;

- NOBbIWEHUIO KAYecmad NPOeKMUpPOBAHUS;

-yNPABIeHUIO HCU3HEHHbIM YUK/IOM 06beKmMa HeOBUMUMOCMU

2. BIM - mexHonoz2uu

Mcnonb3osaHue GIS — mexHosioeul obecneyusaem:
- NPOCMPAHCMBEeHHbIU aHanu3 meppumopud;

- yugposoe naaHupoBarHue 20podckoll cpedsb;

- MOHUMOPUH2 3eMeJibHbIX PECYDCOB.

3. leouHgopmayuoHHsie cucmemsi (GIS)

KoHuenuyus «yMHo20 20poda» npednosiazaem yugposoe ynpasieHue:
- mpaxcnopmHoU uHgpacmpykmypod;

4. Smart City - KOMMYHQA/IbHbIMU CUCMEMAamu,

-HCUSIBIMU KOMNJIEKCAMU;

- SHep2emuYeCcKUMU pecypcamu.

lpumeHeHue  mexHosoaull  b6oAbWUX — OAHHbIX  NO3B80JIAEm
OCYUIeCMBIAMB.

- NPO2HO3UPOBAHUE CNPOCA HA HEOBUNCUMOCMb,

- AHA/IU3 OUHAMUKU UeH Ha PbIHKE;

- OUeHKY UHBECMUUUOHHOU NpUBJIeKAMEIbHOCMU 06bEeKmos;

- OUeHKY NJIamexecnocobHOCMU 3deMUiUKOB.

5. TexHoso2uu 60/1bWUX OaHHbIX — Big Data

lpoBedeHHbIl aHaau3 N03B80/Igem coesiams C/1edyrouiue BbIBOObI:

1. MakposkoHomu4eckue nokazamesu Pecnybauku TadxcukucmaH 0emMoHCMpUpyrom Ycmolyusyro
NoJIoXUMEIbHYH OUHAMUKY, CO30AroOULYHO YC08US 0J1F PA3BUMUS PbIHKA HEOBUMXCUMOCMU.

2. CmpoumesnibHbId  CeKmop Xapakmepusyemcs BbICOKUM — YPOBHEM  UHBECMUUUOHHOU
aKmuBHOCMU U pOCMOM 06bemMoB8 CMpPoUMeIbCMAA.

3. Pazsumue pbIHKa He0BUXUMOCMU CONPOBOXOAemcsi He0bXo0UMOCMbHO BHEOPpeHUSs LUdpPOBbIX
mexHo102ull U 3/1eKMPOHHbIX CEPBUCOB.

4. OCHOBHbIMU HANPABJIEHUAMU Lugposu3ayuu s8asaomcss BIM — mexHoso2uu, 3/1eKmpoHHbIU
kadacmp, uugpossie niamaeopmbi Hedsuxxumocmu, Smart City.

5. ugpposas mpaHcghopmayus pbiHKA HEOBUMUMOCMU CNocobcmayem:

- NOBbIWEHUK NPO3PAYHOCMU PbIHKA,

- CHUX(@HUI MPAH3AKUUOHHBIX U30epieK;

- pPOCMY UHBECMUUUOHHOU NpUBIeKamesbHOCMU;,

- NOBbIWEHUI 3P PpekmuBHOCMU 20CyOapCMBEHHO20 YNPAasIeHUsI.

3aksroyeHue
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Takum 06pazom, coBpemeHHbIl pbIHOK HEOBUMXUMOCMU Pecnybiuku TaoxuKuCmax pa3susaemcs
B YC/I0BUSIX AKMUBHO20 3KOHOMUYECKO20 POCMA U pACUIUPeHUs CMpPoUumesibHo20 cekmopd. AHaU3
CMamucmu4yeckux 0aHHbIX NOKA3as1 ycmolyusoe ysesudeHue 06bemMos8 CmpoumesibCmad, UHBeCcmuyud
u doxodos HaceneHus. Bmecme ¢ mem, dasbHeliwee 3ppekmusHoe pa3suMuUe PbiHKA HEOBUMXUMOCMU
HeBO3MOXHO 6e3 macwmabHol yugposuzayuu ompacau. BHeopeHue COBpPeMeHHbIX UUPPoBbIX
mexHos02ul  NO3BO/IUM  NOBLICUMb  KOHKYPEHMOCNOCOOHOCMb — CMPOUMEIbHO20 — KOMNJIeKCd,
obecneyums NPO3PAYHOCMb onepauull U co30amb  YC/IoBUS O YCmoUYuBo20  CoUUad/IbHO-
SKOHOMUYECK020 pa3BUMUS CMPAHbI.

Jlumepamypa

1. KoHuenuuss uugposol  3KOHOMUKU — Pecnybnuku — TaOXUKUCMaH, YmBepHOeHHas
nocmarossieHuem lpasumesnscmsa Pecnybiuku Tadxcukucmad om 30 dekabps 2019 eoda N2 642

2. CpedHecpoYHas npo2pamMma pazsumus uugposol 3KOHOMUKU Pecnybuku TaOXUKUCMaH Ha
2026 — 2030 200sb.. - [Jywarbe, 2025

3. Cmpamezus pazsumusi cmpoumesibHol ompaciu Pecnybiuku Tadxukucmad Ha nepuod 0o
2030 200a, om 27 anpens 2022 200a N° 203

4. 3enerHkos T.B. lLugposas mpaHchopmayus pbIHKA HEOBUXUMOCMU.// S/1eKmpPOHHAs
bubsuomeka ViHcmumyma busHeca by, MuHck, benapycb. 2024.
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IMPACT OF THE NEW FISCAL POLICIES (2024-2025) ON BUSINESS IN ALBANIA: CONSOLIDATION AND
CHALLENGES OF THE FISCALIZATION SYSTEM

Xhenisa Myshketa
MSc., Assistant lecturer of Accounting, Finance and Accounting Departament, University “Aleksandér
Moisiu”, Durrés, Albania, Business Risk Officer, Union Bank, Albania

Abstract

A healthy economy of a country is always related to the governance of a country. Since the time of
Adam Smith, to this day we continue to strongly believe that the state is the one that plays a key and
useful role in regulating the economic situation of a country and the tool that the state has to play the
role of regulator is precisely fiscal policy. This is what we will analyze in this paper: The role and how the
fiscal policies during 2024-2025 have affected the business in Albania. A general analysis of the economic
situation. What impact do fiscal policies have on businesses, how interested are taxpayers in getting to
know the changes that government is making at the beginning of the year? A special part of the work is
the fiscalization process. A whole new process, a way to adapt and develop in the same way as the
neighboring countries, but a bit chaotic in the system we are in. We are a country that has often changed
the fiscal system as it seems we have not yet found the right path. But what impact does this have on
businesses in Albania? How do they expect it and the measures they are taking to cope with the new
fiscal situation?

Keywords: fiscal policy, government, business, fiscalization, system
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v' To understand the concept of fiscal policy and the role of government in economic
development.

v’ To examine how changes in fiscal policies have affected businesses in the country.

v' To make a comparison between the economic situation at the beginning and after the 2025
fiscal package.

v’ To understand how well-informed businesses are regarding the fiscalization process.

v’ To assess how ready businesses are to adapt to fiscalization.

Purpose:

The purpose of this study is to understand how well taxpayers are informed regarding the fiscal
packages applied by the government at the beginning of each year. We analyze how much the
information level of taxpayers regarding legal changes impacts the effectiveness of these fiscal packages.
Furthermore, this work aims to evaluate how prepared businesses in Albania are for the fiscalization
process. What are the main challenges and problems to be encountered in this process, and what are the
benefits derived from fiscalization?

Methodology:

To conduct this study, a methodology consisting of a combination of primary and secondary data
has been used. A significant portion of the secondary data was obtained through the use of electronic
libraries of various universities. Additionally, various websites featuring studies on fiscal policies and the
official pages of the Ministry of Finance, which publish updates on the tax system, served as an important
source.

Chapter 1 - How fiscal policy works in Albania?

1.1.  What are the "challenges” of fiscal policy in our country?

One of the main issues is determining the volume and direction of government expenditures, not
only to provide specific services but also to align public spending with the general pattern of total
expenditures currently occurring in the economy. These objectives are not always aligned, particularly
those related to price stability and full employment.

The objective of equitable income distribution may conflict with the objectives of economic
efficiency and economic growth. Fiscal policy can be directed toward transferring wealth from the rich
to the poor through taxation to achieve income redistribution, however, transferring income from the
rich to the poor will negatively affect savings and capital formation. Thus, equality and growth objectives
clash.

Public expenditures include normal government spending, capital expenditures for public works,
relief expenditures, subsidies of various kinds, transfer payments, and social security benefits.
Government expenditures generate income, whereas taxes primarily reduce income. The management of
public debt in most countries has also become an important tool of fiscal policy. It aims to influence total
spending through changes in the holding of liquid assets. During inflation, fiscal policy aims to control
excessive aggregate spending, while during a depression, it aims to supplement the lack of effective
demand to lift the economy from the depths of the depression. The following considerations can be noted
in adopting the appropriate policy instruments. Designing and implementing fiscal policies has its
difficulties, as it is a complex process that must be examined in detail because the consequences are
severe. We can mention two "challenges”, if we may call them that, of fiscal policies:

Built-in Flexibility: A practical difficulty in public finance is making fiscal tools flexible enough for
quick and effective use. For instance, the pace of business activity can change suddenly, manifesting in
booms and recessions, but fiscal tools cannot be used immediately to address such situations. To
overcome such practical difficulties, built-in flexibility must be provided within fiscal instruments. A fiscal
system possesses built-in flexibility if a change in employment within the economy brings about a
noticeable compensatory change in government revenues and expenditures. Unemployment insurance
schemes have high flexibility on both the expenditure and taxation sides. However, built-in flexibility may
be inadequate to cope with strong deflationary and inflationary pressures. Therefore, formula flexibility
(or flexibility by executive judgment) is required. A system of formula flexibility provides for specific
changes in the tax structure and the volume of government spending as required by certain clearly
recognized problems in business activity. It requires administrative decisions regarding the necessary
changes, which must be put into effect without delay.

Built-in stabilizers: The fact that both taxes and transfer payments automatically change with
shifts in income levels is the basis of trust in built-in stabilizers. The term 'stabilizer' is used because they
act in a way that counteracts fluctuations in economic activity. They are called 'built-in" because they
automatically come into play when the income level changes. Taxes can act as a stabilizing influence on
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the economic system if the tax structure is such that the amount of taxes collected by the government
increases automatically with a rise in national income, because in this case, the effect will be to reduce
the expansion of disposable income. From a stabilization perspective, this means slower growth in
induced consumption. If the tax system is such that not only the absolute amount of tax revenue but also
the percentage of income paid in taxes increases with a rise in income, its stabilizing impact will be
greater. This occurs if the rate structure of the tax system is progressive, meaning effective rates increase
as the income level rises. Similarly, various forms of transfer payments also act in a countercyclical
manner. Only such transfer payments have a stabilizing effect, such as decreasing in amount when
income rises and increasing when income falls. For example, when employment falls, payments to the
unemployed increase automatically, thereby increasing disposable income, and vice versa. It would be
too much to assume that these stabilizers alone can smooth out income fluctuations, but most would
agree that they are effective complements to discretionary actions aimed at stabilizing the economy.

1.2 How fiscal policy affects business?

Businesses directly see the effects of an economy'’s fiscal policy, whether in the form of spending
or taxation. Fiscal policy can have the following four effects on business:

1. Investment opportunities: Businesses can see investment opportunities from government
spending as well as private investments. This usually happens during an expansionary policy, when more
money is being poured into the economy by the government and other sources since taxation is also low.
When a balance between price and demand is met, then businesses can expect to thrive and grow.

2. Slower growth: A contractionary financial policy may be initiated to prevent inflation when the
equilibrium is disrupted and demand (and prices) fall. Businesses usually restrain their growth due to
increased taxes and take measures to stay in the black with less money flowing through the economy.

3. Tax changes: Depending on their location, businesses face several levels of taxation, including
local, state, and federal. Businesses must contend with how their state and government tax them and
how it intersects with federal fiscal policy.

4. Unemployment rate: A key objective of fiscal policy is to minimize unemployment. For example,
the government may cut taxes to put more money back into consumers' pockets. As such, people may be
able to spend more money, and companies may face increased demand. With increased demand can
come additional production tasks for companies to complete, and businesses may respond by creating
more jobs and hiring more employees. As such, with the right fiscal policy in place, a low unemployment
rate can gradually rise.

When policymakers seek to influence the economy, they have two main tools at their disposal:
monetary policy and fiscal policy. Central banks indirectly target activity by influencing the money supply
through adjustments to interest rates, bank reserve requirements, and the buying and selling of
government securities and foreign currencies. Governments influence the economy by changing the level
and types of taxes, the extent and composition of spending, and the degree and form of borrowing.
Governments directly and indirectly influence how resources are used in the economy. A basic national
income accounting equation that measures the output of an economy or gross domestic product (GDP)
according to expenditures helps show how this happens:

GDP=C+1+G+NX

On the left side is GDP, which we know is the value of all final goods and services produced in the
economy. On the right side are the sources of total spending or demand: private consumption (SCS),
private investment (51S), purchases of goods and services by the government (SGS), and exports minus
imports (net exports, S\ text {NX}S). This equation makes it clear that governments influence economic
activity (GDP) by controlling SGS directly and influencing SCS, SIS, and S\ text {NX}S indirectly through
changes in taxes, transfers, and spending.

Fiscal policy that increases aggregate demand directly through an increase in government
spending is typically called expansionary or "loose". Conversely, fiscal policy is often considered
contractionary or "tight" if it reduces demand through lower spending. Aside from providing goods and
services like public safety, highways, or primary education, the objectives of fiscal policy vary. In the short
term, governments may focus on macroeconomic stabilization, for example, by expanding spending or
cutting taxes to stimulate an economy in recession, or cutting spending or raising taxes to combat rising
inflation or to help reduce external vulnerabilities. In the long term, the goal may be to foster sustainable
growth or reduce poverty with supply-side actions to improve infrastructure or education. Although these
objectives are widely shared across countries, their relative importance varies depending on country
circumstances. In the short term, priorities may reflect the business cycle or the response to a natural
disaster or a surge in global food or fuel prices. In the long term, factors may be development levels,
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demographics, or natural resource endowments. The desire to reduce poverty may lead a low-income
country to tilt spending toward primary healthcare, while in an advanced economy, pension reforms may
target near-term long-term costs related to an aging population. In an oil-producing country,
policymakers may aim to better align fiscal policy with broader macroeconomic developments by
moderating procyclical spending, such as limiting spending surges when oil prices rise and smoothing
cuts when they fall. Thus, the fiscal policies a country chooses to apply are influenced by many micro-
and macroeconomic factors. Therefore, we say it is a complex process from the drafting of the plan to its
implementation.
Chapter 2 — The impact of fiscal policy 2024-2025 in Albania

2.1. The fiscal framework in 2024-2025 and its macroeconomic impact

Following the financial contraction and various problems that the economic sphere in Albania
faced in 2020 due to the pandemic, today we find ourselves in conditions where the macroeconomic
environment deals with efforts and measures for stable economic growth (around 3.5%-3.8% of GDP),
while not dismissing global challenges such as inflation and job cuts. One of the fundamental objectives
of any country, not just Albania, is the drive toward reducing the budget deficit and lowering the public
debt to a level below 60% of GDP. Therefore, we currently operate under stricter tax and fiscal policies,
which have been heavily supported by the fiscalization process.

Their main impact has been concretized through the full implementation of the new Law No.
29/2023 "On Income Tax", which began its practical journey on January 1, 2024. This law not only
altered and affected a broad segment of the economy, but specifically targeted the following groups:

1. Taxation of freelancers (free professions): Sole proprietors and small businesses providing
services (accountants, lawyers, financial or legal consultants, dentists, doctors, etc.), who were previously
taxed at 0%, are now required to pay a 15% tax rate for declared incomes up to 14,000,000 ALL, and a
23% tax rate for incomes exceeding this threshold. Naturally, this converted into an increase in tax
expenditures for this sector.

2. Revision of recognized expenses: This is directly related to the recognition of the actual
expenses of the entity, which translates into a reduction of net profit but a parallel increase in compliance
costs, as this revision requires more advanced and thorough financial and accounting practices.

2.2. Current fiscal policy vs. Previous fiscal policies

It appears that the austerity measures and fiscal advancements introduced during the pandemic
period, referring to the 2020 timeframe, paved the way for and enabled solid results, as well as even
stricter measures in recent years. The proper functioning of this system and the accumulation of revenues
generated from VAT and personal income tax have translated into stable revenue growth.

It must be asserted that this was achieved not only through measures of this nature, but also
through:

- Reducing the possibility of manipulation or intervention in the monthly declarations of
businesses, achieved thanks to the option of pre-filled declarations.

- The widespread utilization of pre-filled sales and purchase books generated automatically by the
fiscalization system.

- Expanding the tax base, specifically focusing on the digital economy and incorporating short-
term rentals into the invoicing scheme.

2.3. Challenges faced by SME businesses due to fiscal packages

One of the segments that remained relatively unaffected by the fiscal packages implemented in
recent years has been large businesses and corporations; however, what waves of changes have crashed
into SME businesses in our country? The SME segment encompasses small and medium enterprises, which
represent the main engine of our domestic economy. Below are some of the challenges that these entities
have encountered and are currently facing:

- Continuous and daily updates to the invoicing system in order to adapt to new policies and new
electronic declarations.

- Theincrease in the minimum wage for employees (currently at 50,000 ALL, with a programmatic
tendency to increase), which constitutes extra and higher expenses for the entity, as they are obliged to
pay a higher base wage and higher social and health contributions, while also channeling all employee
salaries through banks.

- Frequent changes in laws and instructions from the Ministry of Finance and the General
Directorate of Taxes, which poses a risk for businesses, as any operational mistake is costly.

- Liquidity difficulties regarding VAT payments due to pre-filled schemes and declarations. If a
business issues a fiscalized invoice and the client has not yet settled the payment, the system immediately
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calculates the VAT liability for the following month, forcing the entity to pay taxes on an invoice that has
not yet been liquidated.

If we summarize the above changes briefly, we see that fiscal policies do not only affect tax-paying
businesses, but are comprehensive, extending from legal definitions of concepts down to individuals.
These new reforms seem to have been carried out within the framework of reducing informal economy
in the country. This is mainly intended to be achieved through the fiscalization process, which is expected
to be highly effective, though it remains to be seen to what extent it will succeed.

Chapter 3 - Fiscalization

3.1. What is fiscalization?

As we all know, the fiscalization process has begun in our country. But what is it? How will it work?
What are the changes that businesses must adapt to? Why did the need for this change arise? What is
intended to be achieved? To address all these questions, we will perform an analysis, and to make it as
concrete as possible, we will conduct a survey with businesses to see what they think and how informed
they are, given that the fiscalization process for large businesses started on July 1st 2020.

3.2. Why did the need for the fiscalization system arise?

Almost all the businesses where we work use a fiscal cash register, which became mandatory in
2009, through which information was and continues to be sent to the General Directorate of Taxes via
daily reports at the end of the day. According to experts, this is not a highly effective method since the
information is not provided in real time, increasing the opportunity for tax evasion.

The new system is intended to create a mechanism for real-time monitoring of fiscal devices
operating with or without cash. The issuance of a tax invoice will be registered and transmitted to the
tax authorities in real time, and this can be verified at any moment by the citizen since the invoice will
feature a QR code that can be scanned and sent to the relevant tax department. In this manner, the
citizen receives immediate information confirming that this invoice has actually been declared for the
exact value they paid, provided the data is accurate. This new system enables the relevant tax
departments to have real-time information on businesses, making it easier to identify entities prone to
cheating or concealing data, thereby avoiding unnecessary audits on compliant businesses.

Fiscalization is software-based, meaning it can be implemented on existing hardware without the
strict need to add extra physical devices. The model chosen for this system was selected because it
guarantees the application of the latest technology based on European Union standards, offering better
adaptation capabilities for the structure of the Albanian economy. This model is used in many EU
countries and has shown effectiveness in the region, so we hope it will have the same impact here, despite
businesses being highly skeptical about it.

3.3. What are the benefits that come from Fiscalization?

Tax reduction: This will be achieved because there will now be more taxpayers. Even those who
attempted to evade taxes will no longer have the opportunity; thus, businesses that used to pay for those
who evaded will be relieved, and everyone will pay what they legally owe.

Reduction of informal economy: The primary goal of fiscalization is to reduce informality in the
country, which we all know is at a high level, even if many refuse to admit it. This new process achieves
better control and efficient tax inspection.

Assistance in identifying irregularities: Given that every citizen will have the ability to check
invoices in real time, they can report any irregularities they identify.

Business modernization: We will see a minimization of bureaucracy and a modernization of
business since everything will become technological.

EU Membership: The use of electronic invoicing is one of the conditions for EU accession.

Increased efficiency and effectiveness: Businesses save time; they will no longer need to manually
submit VAT declarations every month, as they will be generated automatically upon the registration of
electronic invoices.

3.4. What does an electronic invoice contain?

An electronic invoice must contain the following data to be valid:
the title “tax invoice” (faturé tatimore);
the date and time of invoice issuance;
the invoice number;
the unique identification number of the seller;
the name of the taxpayer/name and surname of the seller;
the address of the seller;

AL AW~
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7. theunique identification number of the buyer, name of the taxpayer/name, surname, and
address of the buyer. These details are mandatory only if the buyer is:

- ataxpayer, subject to corporate income tax, simplified income tax for small businesses, or
subject to VAT, in accordance with the relevant legislation;

- alegal entity;

- anindividual purchasing personal property with an individual value over 500,000 ALL;

- inother cases, when the buyer requests these details to be noted on the invoice;

8. theoperator code, determined in accordance with Article 15 of this law;

9. the business location code, determined in accordance with Article 14 of this law;

10. the date or period in which the supply of goods or services was carried out, or the date on
which the payment was made;

11. the quantity and description of the supplied goods or services and the unit price;

12. the full value;

13. any other applied increases or discounts (information on compensation or payment, if
applicable);

14. the total value to be paid;

15. payment details, including the payment method (banknotes and coins, card, check, bank
transaction, payment order, electronic money, or other cashless payment methods),

16. the currency and exchange rate, if the invoice is not expressed in the albanian national
currency (LEK), and the payment deadline if the payment is not made at the moment of invoice
issuance;

17. the Unigue Invoice Identification Number (NIVF), expressed as an alphanumeric code;

18. the Invoice Issuer Security Number (NSLF), expressed as an alphanumeric code;

19. the QR code, which contains the data specified by the instruction of the Minister responsible
for finance;

20. the applied VAT rate.

In the case of exporting goods outside the territory of the Republic of Albania, in addition to the
information referred to above, the invoice must include the name of the taxpayer/name, surname, and
address of the buyer, if they are a taxpayer or a legal entity in their country of residence, as well as the
tax identification number issued in their country of residence. If the buyer is an individual who is not a
taxpayer in their country of residence, their full name and the address where the goods are sent are
recorded on the invoice.

If we look closely at all the points with the elements that a tax invoice must contain, we notice
that the novelty, besides being electronic, lies in the inclusion of the NIVF and NSLF numbers, which are
the unique invoice identification number and the security number of the invoice issuer. In addition to the
descriptions and data provided, the electronic invoice contains process details, invoice identifiers,
electronic addresses of the seller and the buyer on the central invoice platform, and where applicable:
payment beneficiary details;
details of the seller's tax representative;
contract reference;
delivery details;
price details.

3.5. How does the registration of sales and purchase books work?

Within the framework of procedural updates in recent years, if the taxpayer does not perform the
manual closure of the books in the SelfCare portal by the 10th day of the month, the fiscalization system
automatically closes and transfers them on the 11th day to the e-Filing system. Furthermore, during the
current period, this data serves to pre-fill the monthly VAT declaration automatically, reducing human
errors and increasing real-time monitoring by the tax administration.

The sales book and purchase book on the central invoice platform must remain available to the
taxpayer issuing invoices throughout the timeframe specified for invoice retention, according to the
provisions in force for value-added tax legislation..

= Invoices for cash payments:

Invoices for cash payments must be printed on paper, contain all the aforementioned data, undergo
the fiscalization procedure, and be delivered to the buyer at the moment of the supply of goods or
services. In the case of supplying goods with transport, the transporter must hold the invoice issued by
the seller throughout the duration of the transport of the goods, from the point of origin to the
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destination or until delivery to the buyer, and are obliged to place this document at the disposal of central
tax administration employees upon request.

If electronic services are offered or the supply of goods or services is contracted and paid for via a
mobile application, online store, or similar, the invoice does not need to be printed on paper, but can be
sent to the buyer or recipient of the invoice via electronic mail (e-mail) or as an electronic invoice. If the
buyer is an individual or a person who is not an invoice-issuing taxpayer, then sending the invoice
electronically can only be carried out with the consent of the buyer. For other buyers, an electronic
invoice can be issued without specific consent from the buyer, provided the buyer is registered on the
central invoice platform.

= Electronic invoices for cashless payments

Invoices for the supply of goods and services in transactions where both the seller and the buyer
are taxpayers, subjects of VAT, corporate income tax, or simplified income tax for small businesses, must
be issued, sent, and accepted as an electronic invoice if the invoice has been paid or will be paid without
cash. The electronic invoice must contain all necessary data, be issued by applying fiscalization
procedures, and comply with the technical specifications defined in Albanian Standards. The electronic
invoice must be sent or made available to the buyer at the moment of the supply of goods or services.

In the case of supplying goods with transport, the taxpayer issuing the invoice is obliged to issue an
electronic invoice and apply the fiscalization procedure immediately before the transport of goods, print
the QR code on paper with the data specified in the finance minister's instruction, and hand it over to
the transporter. The transporter must retain this document throughout the duration of the transport of
goods, from the point of origin to the destination or until the goods are delivered to the buyer, and is
obliged to make this document available to tax administration representatives upon request.

In all other cashless transactions, when the buyer is not a taxpayer and when there is an obligation
to issue an invoice under this law, the invoice paid or to be paid without cash can be issued as an electronic
invoice. The buyer may, but is not obliged to, accept it as an electronic invoice, therefore, it can be printed
on paper or sent to the buyer via electronic mail (e-mail) with their consent. Taxpayers issuing invoices
can issue and send invoices when issuing invoices that are paid or will be paid without cash, in the case
of exporting goods outside the territory of the Republic of Albania, or providing services to non-resident
buyers. If the buyer is a resident of a European Union member state, the invoice can be issued as an
electronic invoice only with the buyer's consent. The buyer's consent must be given in writing or by
agreement during invoice processing or upon making the payment for the received invoice.

= FElectronic invoices in transactions with public bodies

Invoices in transactions with public bodies must be issued, sent, and accepted as electronic invoices.
The obligation to issue an electronic invoice does not apply to invoices issued as a result of fulfilling a
public procurement contract where the procurement and fulfillment of the contract are declared secret
or must be accompanied by special security measures, in accordance with relevant laws, regulations, or
administrative provisions, and provided that key interests cannot be guaranteed by less stringent
measures.

3.6. What does the fiscalization procedure consist of?

Taxpayers exercising economic activity in retail sales, providing services in places or units open to
the public, or any other similar activity involving cash, must install the fiscalization system, including the
printer if it is not an integral part of the fiscal device, and utilize a certified software solution. All
taxpayers who were equipped with and installed fiscal devices prior to the entry into force of this law
continue using them with the new fiscalization system. The fiscalization system mandatorily enables the
storage of every transaction carried out through these fiscal devices in memory. To ensure data
interfacing for existing fiscal devices, an intermediary infrastructure (intermediary server) can be used,
which is developed by software solution manufacturers and maintainers, ensuring that the data
exchange of this server with the fiscalization system is done in real time and data is exchanged with
secure authentication provided by the electronic certificate obtained by taxpayers from NAIS (AKSHI).

Taxpayers, for the purpose of implementing the fiscalization procedure of issued invoices, are
obliged to issue an invoice for cash payments for every transaction through the use of the fiscalization
system. The fiscalization system enables the storage of every transaction in memory, electronically
signed for each invoice using the electronic certificate, and an internet connection for the electronic
exchange of data with the central tax administration. Taxpayers issuing invoices, for the purpose of
implementing the invoice fiscalization procedure, must use a certified software solution that enables
them to operate in accordance with the provisions of this law and prevents actions that bypass the
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invoice fiscalization procedure. The taxpayer issuing invoices can test the invoice data and the
fiscalization procedure.

By decision of the Council of Ministers, the methodology and monitoring procedures of circulation
for taxpayers in specific sectors of the economy are determined. The methodology for testing invoice
data and the fiscalization procedure by the taxpayer issuing invoices is determined by an instruction from
the minister responsible for finance. In order to implement the invoice fiscalization procedure, the
taxpayer issuing invoices must be equipped with an electronic certificate generated and issued by NAIS
(AKSHI), as the central state institution that administers and maintains the government public key
infrastructure. The electronic certificate issued by NAIS must be stored in a physical environment with a
high level of security, without compromising its conformity and confidentiality. For the issued electronic
certificate, the fee determined by decision of the Council of Ministers applies to the electronic services
provided by NAIS.

3.7. What happens in case of internet connection interruption?

The taxpayer issuing invoices must, within 48 hours starting from the moment of connection
interruption, re-establish an electronic (internet) connection and submit all issued invoices to the central
tax administration through a special protocol in the form of an electronic invoice. Invoices issued are
considered correctly fiscalized if the fiscalization process was performed within the specified deadline. In
order for the described process to remain an exception, the taxpayer issuing invoices must ensure
appropriate software and hardware support for data exchange and transmission to the central tax
administration, alongside a suitable internet connection.

The taxpayer issuing the invoice is responsible for verifying the appropriate network capacity,
which must be determined independently, based on the number of messages per second at peak load
moments. The central tax administration assigns a NIVF to all invoices and returns it to the taxpayer
issuing invoices as confirmation of acceptance for invoices sent late.

If the taxpayer issuing the invoice cannot re-establish the internet connection within the specified
deadline due to the need to replace the connection device, the inability to establish the internet
connection for which the service provider is responsible, or due to force majeure, they must notify the tax
administration about this and submit documentation or other proof demonstrating the inability to
establish the internet connection, according to the instruction of the minister responsible for finance.
For invoices for which the obligation of electronic transmission is not specified, the taxpayer issuing the
invoice must, at the buyer's request, issue a paper copy of the invoice with a NIVF after the subsequent
fiscalization procedure has been performed.

3.8. How is the fiscalization of corrective/rectifying invoices performed?

All obligations specified in the provisions of this law for invoice issuance and the fiscalization
procedure apply, as necessary, to the issuance of corrective/rectifying invoices, as defined in the value-
added tax legislation in force. The corrective/rectifying invoice must contain a reference to the original
invoice being corrected.

Chapter 4: Summary

This project aims precisely at providing a theoretical summary of the measures undertaken in our
country, as well as evaluating—through informational and descriptive methods—our country's approach
toward the new policies implemented. Are they encountering difficulties in their development? The
subsequent development of the thesis will feature data from questionnaires, where the research samples
will consist of SME businesses operating within our country.
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Abstract

The rapid development of digital technologies and artificial intelligence (Al) has significantly
transformed modern educational environments and created new opportunities for improving teaching
and learning processes. One of the promising directions in contemporary pedagogy is the integration of
Al-based interactive systems that support personalized and student-centered learning. This study
investigates the methodological foundations and pedagogical potential of using artificial intelligence—
supported dialogue partners in primary school mathematics lessons. The research is based on the idea
that modern children, often referred to as the Alpha generation, grow up in a technology-rich
environment and therefore require innovative learning approaches that differ from traditional teacher-
centered instruction.

The theoretical framework of the study is grounded in the cognitive development theory of Jean
Piaget, which emphasizes that children aged 7—11 years are in the stage of concrete operational thinking.
At this stage, students learn mathematical concepts more effectively through interactive, visual, and
dialogue-based learning activities. In this context, Al-supported dialogue partners can function as
intelligent learning assistants that guide students through questions and prompts rather than directly
providing answers. This approach is conceptually related to the dialogical learning principles of the
Socrates method, where knowledge is constructed through guided questioning and reasoning.

The study employs a pedagogical experimental design involving two parallel primary school classes.
In the control group, mathematics lessons were conducted using traditional teaching methods, while in
the experimental group Al-supported dialogue assistants were integrated into the learning process once
or twice per week. The Al systems used in the study were designed to engage students in step-by-step
problem-solving through interactive dialogue scenarios and adaptive feedback mechanisms. Data
collection methods included classroom observation, analysis of students’ test results, and evaluation of
students’ participation and learning motivation.

The results of the experiment demonstrate that the integration of Al dialogue partners positively
influences students’ engagement, mathematical reasoning, and confidence in solving mathematical
problems. Students in the experimental group showed higher levels of participation and improved
performance compared to those in the control group. Additionally, the use of Al-based dialogue assistants
contributed to reducing students’ fear of making mistakes and helped create a supportive and motivating
learning environment.

The findings suggest that Al-supported dialogue partners can serve as an effective pedagogical tool
in primary school mathematics education. Their integration into classroom practice can enhance
personalized learning, support the development of mathematical literacy, and increase students’ interest
in mathematics. The study highlights the importance of developing methodological guidelines for
teachers on the effective and pedagogically sound use of Al technologies in early mathematics education.

Annotasiya

Reagemsal texnologiyalarin ve siini intellektin (Si) siretli inkisafi mdiiasir tehsil mdhitinin
transformasiyasina sebeb olmus ve telim prosesinin teskilinde yeni imkanlar yaratmisdir. Mdasir
pedaqogikada perspektivli istigamatlerden biri stini intellekt esasli interaktiv sistemlarin talim prosesine
integrasiyasidir. Bu sistemlar fardilesdirilmis ve sagirdyonimli talim mdhitinin formalasdirilmasina
kémak edir. Maqalads ibtidai sinif riyaziyyat derslerinds siini intellekt destekli dialog tarefdaslarindan
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istifade metodikasi ve onlarin pedaqoji imkanlari arasdirilir. Tedqgiqat mdasir usaglarin — texnologiya
mduhitinds béylyen ve tez-tez Alfa nasli kimi xarakterize olunan sagirdlerin — 6yrenma xtsusiyyatlerinin
ananavi talim modellarindan farqglendiyi fikrine esaslanir. Bu sebebdan ibtidai tehsil marhslesinde
innovativ ve interaktiv talim dsullarinin tetbigi xdsusi aktualliq kesb edir.

Tedgiqgatin nazari asasini kognitiv inkisaf nezariyyasi taskil edir. Bu nazariyyaye gore, Piaje
terafindan mdiayyan edilmis 7—11 yas doévri konkret emaliyyatlar merhalesi hesab olunur ve bu
merheleds usaqlar riyazi anlayislari daha ¢ox vizual, praktiki ve dialog esasli fealiyyet vasitesile
manimsayirler. Bu baximdan sini intellekt asasli dialog terefdaslari sagirdlerle interaktiv (nsiyyat
quraraq onlari suallar vasitesile distinmays yénalden ve problemlerin helline addim-addim
istigamatlendiren agilli talim kémekgilari kimi ¢ixis ede biler. Buyanasma hamginin dialog ve sual-cavab
yolu ils biliklsrin formalasmasini nezerdes tutan Socrates metodunun prinsiplerine uygundur.

Tedgiqgat carcivesinds pedaqoji eksperiment aparilmisdir. Eksperiment iki paralel ibtidai sinifde
hayata kecirilmisdir. Nezaret sinfinde riyaziyyat dersleri enensvi telim dsullari ile kecirilmis,
eksperiment sinfinds ise darslerin bir hissasinds siini intellekt destekli dialog komekcilerinden istifade
olunmusdur. Stni intellekt sistemleri sagirdleri addim-addim distinmays yonaldan interaktiv dialog
ssenarileri ve adaptiv geribildirim mexanizmlari asasinda fealiyyat gdstermisdir. Tedgigat zamani
sagirdlarin test naticalari, dersds feallig seviyyasi ve dyrenma motivasiyasi tahlil edilmisdir.

Eksperimental tadgiqgatin naticaleri gbstermisdir ki, siini intellekt dastakli dialog terefdaslarinin
istifadasi sagirdlerin dars prosesinds aktivliyini artirir, riyazi problemlerin hallinds mantiqi disinmas
bacariglarinin inkisafina misbat tasir géstarir ve onlarin 6ziina inamini gliclendirir. Eksperiment sinfinde
sagirdlaerin naticalerinin nezarst sinfi ile miqayisede daha yiiksak oldugu mdsahide edilmisdir. Bundan
alave, slni intellekt asasli komekciler sagirdlerds sehv etmek qorxusunun azalmasina ve daha
motivasiyaedici éyranma mdhitinin formalasmasina sarait yaratmisdir.

Tedqiqatin naticaleri gostarir ki, siini intellekt destakli dialog tersfdaslari ibtidai sinif riyaziyyat
darslarinds effektiv pedaqoji vasite kimi istifade oluna biler. Bu texnologiyalar ferdilesdirilmis talim
imkanlarini genislendirir, riyazi savadliligin inkisafina kémeak edir ve sagirdlerin riyaziyyata maragini
artirir. Arasdirma mda(limlar tcdin siini intellekt texnologiyalarinin talim prosesine metodik ve ssmarali
sekilda integrasiyasinin vacibliyini vurgulayir.

Keywords: artificial intelligence in education, primary mathematics education, dialogue-based
learning, intelligent tutoring systems, personalized learning, educational technology.

Acar sézlar: stini intellekt, ibtidai tahsil, riyaziyyatin tedrisi metodikasi, dialog esasli dyrenms,
fardilasdirilmis talim, agilli talim sistemlari.

Giris

Midiasir dévrde tahsil sisteminde bas veran transformasiya prosesleri, xisusile regemsallasma ve
stini intellekt texnologiyalarinin siretli inkisafi, tedris metodlarinin ve pedaqoji yanasmalarin yenidan
nazarden kecirilmasini zoruri edir. Reageamsal texnologiyalarin tehsile integrasiyasi yalniz texniki yenilik
kimi deyil, hem de tolimin mazmununun, formalarinin ve metodlarinin yenilenmasi  kimi
giymatlendirilmalidir. Bu kontekstds siini intellekt asasli tahsil texnologiyalari muisllim ve sagird
qarsiligli alagsasini zenginlesdiren, ferdilesdirilmis dyrenmani destekleyen ve talim prosesini daha
interaktiv edean mdhdm vasite kimi ¢ixis edir.

Son illards tehsil tadgiqatlarinda stni intellekt sistemlarinin xdsusile riyaziyyat taliminde tatbigi
genis muzakire olunur. Riyaziyyat abstrakt disiinme, mantiqi tahlil ve problem hall etma bacariglarinin
inkisafini taleb edan fenlardan biri olduguna gdre, bu sahade sagirdlerin feal istirakini ve disinma
prosesini stimullasdiran metodlarin tatbiqi xtisusi e hamiyyat kesb edir. dnanavi miallim merkezli talim
modellarinds sagirdler cox vaxt passiv bilik gabul eden rolunda ¢ixis edir. Lakin mdasir pedaqoji
yanasmalar 6yrenmanin dialog, emakdasliq ve problem hall etmas fealiyyatiasasinda qurulmasini zaruri
hesab edir.

Telim prosesinde dialog asasli 6yrenma ideyasi hale antik dévrds formalasmisdir. Bu yanasmanin
falssfi asaslari gadim yunan filosofu Sokrat tersfindan irali stiriilmis dialog ve sual-cavab metoduna
soykenir. Bu metodun asas mahiyyati sagirdin hazir cavablari gabul etmasi deyil, istigamatlendirici
suallar vasitesile mustaqil distinerek naticeye galmasidir. Miiasir tahsil texnologiyalari bu yanasmani
veni saviyyaye qaldiraraq interaktiv ve adaptiv dyrenme mdhitlerinin yaradilmasina imkan verir.

Digar tersfdan, usaqlarin idrak inkisafinin marhalalariile bagli aparilmis fundamental tadqiqatlar
gostarir ki, ibtidai mekteb yasli sagirdler konkret emaliyyatlar marhalesindes dlistinlrler. Bu konsepsiya
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mashur psixolog Jean Piaget tersfindan asaslandirilimisdir. Onun nezariyyasina gore, 7—11 yasli usaqlar
riyazi anlayislari daha effektiv sekilds konkret situasiyalar, vizual modellar ve interaktiv fealiyyat
vasitesile menimsayirler. Bu baximdan dialog ve qgarsiligli fealiyyet elementloerini éziinde birlesdiren
talim mdhitleri riyazi tafekkdirdin inkisafi tgin dahaalverisli hesab olunur.

Stni intellekt texnologiyalarinin tahsil sahasine tatbigi mehz bu pedaqoji ve psixoloji prinsiplers
veni imkanlar elave edir. Si asasli dialog sistemleri sagirdlorle interaktiv (nsiyyat quraraq onlarin
dlstinme prosesini istigamatlendirs, problemlarin halli zamani addim-addim kémek gdsters ve fordi
oyrenme trayektoriyalarini desteklays bilir. Bu sistemlar miallimin rolunuesvez etmadan, aksine, talim
prosesinde alave destek mexanizmi kimi ¢ixis edir. Belalikle, sagirdlarin sshv etmak gorxusu azalrr,
onlarin riyazi mihakime ve problem hall etme bacariqglari inkisaf edir.

Miasir tehsil tadqiqatlari gésterir ki, stini intellekt asasli talim vasitalarinin tatbigi sagirdlerin
motivasiyasini artirir, 6yrenma prosesini ferdilasdirir ve mdsllimler lcln talimin monitoringi ve
giymatlendirilmasi baximindan yeni imkanlar yaradir. Lakin bu texnologiyalarin ssmerali tetbiqi lictin
metodik esaslarin ve pedaqoji modellarin istenmasi mihim elmi ve praktik vezife olaraq qalir.

Bu baximdan teqdim olunan tadgigatin megqsedi ibtidai siniflerds riyaziyyat teliminde siini
intellekt ssasli dialog tersfdaslarinin pedaqoji potensialini arasdirmaqg ve onlarin talim prosesine
integrasiyasinin metodik xtsusiyyatlorini mieyyen etmekdir. Tedgigat carcivesinde Si destekli dialog
sistemlarinin sagirdlarin riyazi tsfekkdiriinin inkisafina, dyrenma motivasiyasina ve problem hall etma
bacariglarina tesiri tahlil edilir.

Aparilan arasdirmanin naticaleri ibtidai siniflerds riyaziyyat taliminin modernlasdirilmasi,
innovativ talim metodlarinin tetbigi ve sini intellekt texnologiyalarinin pedaqoji baximdan
asaslandirilmis istifadasi tictin metodik tévsiyalarin hazirlanmasina xidmat eds bilar.

Stni intellekt texnologiyalarinin tahsil sahasinde tetbiqgi son illarde genis arasdirilan mévzulardan
biridir. Bu sahads aparilan tedqigatlar gosterir ki, siini intellekt asasli talim sistemlari sagirdlarin fordi
xususiyyatlorine uygun talim mdihiti yarada bilir (Luckin ve s., 2016).

Bu istigameatde aparilan tedqiqatlarda sini intellekt texnologiyalarinin adaptiv 6yrenme
platformalarinda, agilli repetitor sistemlarinds, virtual tadris kémekcilerinde ve avtomatik
giymatlendirme sistemlarinde tatbig olundugu edilir.

Ibtidai tehsilds sini intellekt texnologiyalarinin tetbiqi sagirdlerin idrak xdsusiyystlori ile six
baglidir. Bu sahade aparilan arasdirmalar gésterir ki, dialog asasli yrenma metodlari usaqlarin riyazi
anlayislari daha derinden menimsemasine kémak edir (Paul & Elder, 2007).

Usaglarin idrak inkisafi ile bagli en mihim nazariyyalerdsan biri Jean Piaget tersfindan irali
sdrtlmds kognitiv inkisaf nezeriyyasidir. Bu nazeriyyaye gére 7-11 yas arasi usaqlar konkret
amaliyyatlar merhalasinds olur ve onlar riyazi anlayislariesasen konkret situasiyalar ve vizual modellor
vasitasile daha yaxsi manimsayirlar (Piaget, 1972).

Dialog asasli talim metodunun felsefi asaslari Sokrat metoduna asaslanir. Bu metod sagirdin
ardicil suallar vasitasile dlistinmasini v naticaye 6ziinin galmasini nazards tutur.

Tedgigat metodologiyasi: Tedqiqatda pedaqoji eksperiment metodundan istifade edilmisdir.
Eksperiment iki paralel ibtidai sinifde hayata kecirilmisdir.

Tedgigatin marhalaleri asagidakilardir:

—nazarat ve eksperiment siniflarinin secilmasi;

— stini intellekt asasli dialog kémakgilerinin ders prosesine integrasiyasi;

— talim naticalerinin miqayisali tahlili.

Eksperiment sinfinds riyaziyyat darsleri hefteds 1-2 dafe siini intellekt komakcilarinin destayi ile
kecirilmisdir. Nezarat sinfinde ise darslerenanavi lsulla aparilmisdir.

Tedgiqat zamani asagidaki gostericiler analiz edilmisdir:

sagirdlarin test naticalori

darsda foalliq seviyyasi

riyazi problemlarin hallinde mdstagqillik

riyazi hayacan saviyyasi.

Tatbig metodikasi: Stini intellekt kbmakgilorinin @sas funksiyasi sagirde hazir cavab vermeak deyil,
onu dlsiinmaye yonaltmekdir. Buna gbre da bu sistemlards istifade olunan dialoq ssenarileri xisusi
metodik prinsiplere asaslanmalidir.

Masalan, riyazi masalenin halli zamani virtual kémek¢i asagidaki sekilde dialog qurur:

Virtual personaj: “Menim 10 ciyalayim var idi. 4 denasini yedim. Sence ¢iyaleyim coxaldi, yoxsa
azaldi?”
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Sagird: “Azald..”

Virtual personaj: “9gar azaldisa, hansi riyaziemaliyyati istifade etmaliyik?”

Bu metod sagirdin dlsiinme prosesini aktivlesdirir ve naticaye 6zinlin galmasine sarait yaradir.

Naticalar: Aparilan son qiymatlendirme testlarinin naticalarine géra, enanavi Usulla derslerin
kecildiyi nazarat sinfinds riyazi masale halli lizre keyfiyyat gostaricisi 72% oldugu halda, stini intellekt
dastakli dialog tersfdaslarindan istifade edilen eksperiment sinfinds bu géstarici 86% teskil etmisdir.
Hemginin, xUsusi anketlesdirme vasitasile dl¢llen 'riyazi heyecan' ssviyyasi eksperiment sinfindaki
sagirdlerin 64%-de ahamiyyatli derecade azalmisdir. Eksperiment sinfinds test naticalarinin orta
gdstaricisi nezarat sinfi ile miqayisade daha yliksak olmusdur.

Miizakire: Tedgiqat naticeleri sini intellekt texnologiyalarinin ibtidai tehsilde tetbiginin
perspektivli istigamat oldugunu gdsterir. Bu texnologiyalar misllimin rolunu evez etmir, eksina onu
dastaklayan alave vasite kimi ¢ixis edir. Stni intellekt kémakcilari sagirdlerin fordi xisusiyyatlarine
uygunlasaragq ferdilesdirilmis dyrenme mdhiti yaradir ve riyaziyyatin tedrisini daha interaktiv edir.

Bununla yanasi, metodikanin tetbigi zamani bazi texniki va pedaqoji mehdudiyyatler de nezere
alinmalidir. ibtidai sinif sagirdlarinin sas tanima sistemlari il isloyarkan talaffiiz forqliliklari bazon Si
sistemlarinds anlasilmazliga sebeb ola biler. Hamcinin, bu texnologiyanin tatbigi meaktablerin
yiiksakstratli internet ve planset/kompliter avadanliqlari ile teminatindan birbasa asilidir.

Neatice

Nazeri naticaler: Aparilan tedqigat siini intellekt destekli dialog tarefdaslarinin ibtidai sinif
riyaziyyat taliminds metodik ve pedaqoji potensialini nezeri baximdan asaslandirir. Tedgiqat naticeleri
gostarir ki, dialog asasli stini intellekt sistemlari sagirdlarin idrak fealiyyatini aktivlesdiren ve riyazi
anlayislarin manimsanilmasini derinlesdiren effektiv didaktik vasite kimi ¢ixis eds bilar. Bu yanasma
konstruktivist talim konsepsiyasi ile uygunlug taskil edir ve sagirdlarin bilikleri passiv sekilde gebul
etmasi deyil, onlarin aktiv kasf yolu ile formalasmasini tamin edir.

Xususils dialog asasli sini intellekt sistemlerinin istigamatlondirici suallar vasitesile sagirdleri
mdstaqil disinmaye yénaltmasi klassik dialoji telim prinsipleri ile seslesir. Bu baximdan tedgigat
naticelari gadim dialog asasli 6yrenme yanasmasinin, xlsusile Sokrat metodunun mdasir texnoloji
mduhitds yeni formada tatbiq imkanlarini gostarir. Eyni zamanda, bu yanasma ibtidai sinif sagirdlerinin
idrak inkisaf xtsusiyyatlerini izah eden Piaje (Jean Piaget) nezeriyyasi ile de uzlasir. Bels ki, stini intellekt
dastakli vizual ve interaktiv dialog mihiti konkret emaliyyatlar marhalasinds olan sagirdlarin riyazi
anlayislari daha ssmareli manimsamasine kmak edir.

Belslikls, tedgiqat siini intellekt asasli dialog texnologiyalarinin ibtidai riyaziyyat tsliminds
istifade olunmasi tctin metodoloji esaslarin formalasdirilmasina tdhfe verir ve bu istigamatds yeni elmi
yanasmalarin inkisaf perspektivlerini misyyanlasdirir.

Praktiki naticaler: Eksperimental tadgigatin naticaleri gostarmisdir ki, stini intellekt destekli
dialog terefdaslarinin dars prosesine inteqrasiyasi sagirdlerin riyazi fealiyyete feal gosulmasina ve
éyrenma motivasiyasinin artmasina misbat tasir gostarir. EKsperiment sinfinde aparilmis misahideler
va test naticalari gdstermisdir ki, stini intellekt komekcilari ile istoyon sagirdler riyazi mesalelarin halli
zamani daha cox mdsteqillik niimayis etdirir, problemlerin halli prosesini addim-addim analiz etmaye
calisir vo naticaniasaslandirmaga meyilli olurlar.

Sdni intellekt sistemlarinin mihdm Ustinliklerindsn biri onlarin ferdilesdirilmis talim imkanlarini
genislandirmasidir. Bels sistemlar sagirdlarin ferdi dyrenma tempini va bilik saviyyasini nezare alaraqg
tapsiriglari uygunlasdirmaga imkan verir. Neaticede zoif hazirliqli sagirdler daha sade ve izahli
istigamatlendirici suallar vasitesile destek alir, yiksek natice gostaren sagirdler iss daha mirekkeb
tapsiriglarla garsilasir.

Eyni zamanda, tedqiqgat naticaleri gdsterir ki, siini intellekt asasli dialog kémek¢ileri sagirdlerds
riyazi hayacanin azalmasina da misbat tasir gstarir. Kompliterasasli interaktiv sistemlar sshvlere qgarsi
daha tolerant ve dastaklayici reaksiya verdiyi liclin sagirdlar tapsiriglari yerine yetirarken daha rahat ve
inamli davranirlar. Bu ise imumilikde daha misbat ve motivasiyaedici talim mdhitinin formalasmasina
kémak edir.

Meahdudiyyatler ve galacak tedqiqat istigamatlari: Tedgigatin alde etdiyi naticaler misbat olsa
da, misyyan mehdudiyyatler movcuddur. Eksperimental arasdirma yalniz mehdud sayda sinifde ve gisa
mliddat arzinde hayata kecirilmisdir. Bu ssbabdan daha genis miqyasli ve uzunmiddstli tadqiqatlarin
aparilmasi stni intellekt texnologiyalarinin talim naticelerine tesirini daha obyektiv sekilds
giymatlendirmaye imkan vers biler.
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Galacak tadqigatlarda siini intellekt destekli dialog sistemlarinin mixtalif riyazi mévzularin
tadrisinde tetbiq imkanlarinin arasdirilmasi, onlarin ibtidai sinif kurikulumuna inteqgrasiyasi ve
mdsllimlarin regemsal pedaqoji kompetensiyalarinin inkisafi kimi masalelerin daha genis sekilde
oyrenilmasi magsadauygun hesab olunur. Bundan alave, stni intellekt texnologiyalarinin inkliziv tehsil
mduhitinds, xdsusile ferqgli éyrenme ehtiyaclarina malik sagirdlerle isleme prosesinds istifads
imkanlarinin tadqigi de mihdm elmi istigamatlerden biri kimi giymatlendirile bilsr.
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Abstract

This paper reviews the current state and development trends of Artificial Intelligence (Al), robotics,
and Big Data technologies. It is shown that recent breakthroughs in machine learning and deep neural
networks have been largely driven by the growth of computational power and the availability of massive
datasets. The role of databases and data management systems in modern digital infrastructure is
discussed. Special attention is given to the integration of Al in robotics, including navigation, perception,
and autonomous decision-making. In addition, key challenges such as cybersecurity, ethical issues,
personal data protection, and trust in algorithmic decisions are analyzed. The study concludes that the
convergence of Al, robotics, and Big Data forms the foundation of digital transformation in society and
economy.

AHHOMAayus

B cmamee paccMampusarOmcsl COBPEMeHHbIe HANpasseHus pa3sumusi UCKYCCMBEHHO20
UHmesiekma, pobomomexHuUKU u mexHosaoeul Big Data. [TokazaHo, Ymo ycnexu 8 061acmu MawuHHO20
0by4eHus U 2/1y60KuUX HeUPOHHbIX cemell BO MHO20M 0bYC/108/1eHbI POCMOM BbIYUCIUMETbHbIX PECYpPCoB
U 00CMYNHOCMbIO BO/ILUIUX MACCUBOB OAHHbIX. AHA/IU3UPYHOMCS KJHOYeBble NOOX00b! K NOCMPOEHUO
UHMesIIeKmyasbHbIX cucmem, posib 6a3 0aHHbIX U cucmem ynpassieHus 6asamu OdHHbIX B
popmuposaHuu yugposol uHGpacmpykmypsl. OmaoesibHoe BHUMAHUe yoeneHo npumeHeHuro Vv 8
pobomomexHuKe, a Makxe COoBpemMeHHbIM BbI30BaM:. Kubepbe3onacHoCmu, 3Mu4YecKum acnekmanm,
3awume NepcoHasbHbIX OaHHbIX U BONPOCAM Q0BEPUS K As20pUmMUYecKum peuteHusM. COesiaH BbiB00 O
momM, 4mo uHmezpauus My, pobomomexHuku u Big Data cmaHosumcsa gyHOameHmom uugdposol
MPaHchopmMayuu 0buwecmsa U 3KOHOMUKU.

Keywords: artificial intelligence, machine learning, deep learning, neural networks, robotics, big
data, databases, digital transformation.

Knroqesble €/108a: UCKYCCMBEHHbIU UHMeIeKm, MawuHHoe obyqeHue, 2/1ybokoe obyyeHue,
HellpoHHbIe cemu, pobomomexHuUKa, bosibwue 0aHHble, 6aszbl OaHHbIX, UUGPOBAsS MPAaHcHopMayus.

BsedeHue

VickyccmBseHHbIl  uHmesiekm (MIK) asngemcs 00HoU u3 Haubosiee 3Ha4Yumbix U ObICMPO
passusarouuxcs obnacmel cospemeHHoU Hayku U mexHUKU. 100 VMV noHUmMarom COBOKYNHOCMb
MemoooB U mexHosio2ull, NO3BOJISIOWUX KOMNbIOMEPHBLIM — CUCMEMaM  BbINOJIHAMbL  3a0ay,
mpaouyuoHHo mpebyroujue UHMeeKmMyaibHbIX cnocobHocmel 4Yesnoseka: aHaau3 UHgopmayud,
oby4eHue Ha npuMepax, pacno3HasaHue obpazos, 06pabomky ecmecmaeHHo20 A3bIKd, NJIAHUPOBAHUE U
npuHsmue peweHull. B XXI Beke UCKYCCMBeHHbIU UHMesieKm Ccmaa 0cHosol yugposol
mpaHcgopmauuu 3KoOHOMUKU U obujecmsa. E20 BHedpeHue Habsirodaemcss 8 NPOMbILICHHOCMU,
baHkoBcKoU cgepe, MeduyuHe, 06pazoBaHuUU, MPAHCNoOpmMe, 20CY0apCMBEeHHOM YnpasseHuu U
uHopmayuoHHoU bezonacHocmu.
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Paszsumue VIV mecHo cBA3aHO ¢ pobomomexHUKoU U mexHo102uaMu 06pabomku 60/1bUWUX OaHHbIX
(Big Data). PobomomexHuka obecnequsaem s3aumodelicmaue aneopummos ¢ gpusuyeckol cpedod, a Big
Data co30aém ocHosy 011 0byYyeHUs U NOBbIWEHUS MOYHOCMU UHMes/IeKmyasbHbiX modened. B
COBOKYNHOCMU 3MU HANPAas/ieHusi GpopmMUPyOm COBPEMEeHHYH MEXHOI02UYeckyro Naamaeopmy 0715
NOCMPOeHUs: ABMOHOMHbIX U UHMesIIeKMYyasibHbIX CUCMEM.

L{enbro daHHoU 0630pHOU CmMambU SIBASIEMCS AHAIU3 COBPEMeHHbIX NOOX0008 K UCKYCCMBEHHOMY
UHMesIsIeKmy, onucaHue B83aumocBssu VM ¢ pobomomexHukold u Big Data, a makxe onpedesneHue
nepcneKkmuB U K/1to4eBbIX BbI30B0B PA3BUMUS.

OcHoBHas1 4acme

1. MoHsIMUe u OCHOBHbIE HanNpPas/eHUsi UCKYCCMBEHHO20 UHMeJIIeKma. [lepsbie UCC1e00BaHusl B
0b61acmu UCKYCCMBEeHHO20 UHMeIIeKMA Ha4aauch 8 cepeduHe XX Beka u bbiiu CBA3aHbI C NONbIMKAMU
popmanuzosams Yenoseqeckoe mbiwiieHue. OOHUM U3 BaMcHelWUx GuiocopcKux Kpumepues oyeHKU
PAa3yMHOCMU MAWUHbI ABASSeMCcs mecm ThbropuHad, CO2/1aCHO KOMOPOMY UHMESIeKMYAasibHOU MOXCHO
cyumams cucmemy, ecsiu eé omsems! B8 0UA/I02€ HEOMJIUYUMbI OM 0OMBEMOB Ye/I0BeKd.

CoBpemeHHbIl UCKYCCMBEeHHbIU UHMeIIeKM BK/IKYAem HeCKOJIbKO K/IHYeBbIX HAanpasieHUd:
JKCNepmHble CUCmeMbl, MAaWUHHOe 0byYeHue, HelpoHHbIe cemu, 0bpabomky ecmecmBeHHO20 A3bIKd,
KOMNbOMepHoe 3peHue U UHMesIIeKmyasisHoe ynpasaeHue. Haubosbwee passumue B8 NoC/e0Hue 200b/
nosayqusio MawuHHoe obydeHue (Machine Learning), npu Komopom as2opumm Cmpoum Mooesib Ha
oCcHoBe OaHHbIX. BaxcHelwel pasHoBUOHOCMbIO ABssemcs 2nybokoe obyyeHue (Deep Learning),
UCNOJIb3YIoUee MHO20C/I0UHbIe HelipoHHbIe Cemu.

Ocobyro posib B8 coBpemeHHOM MV ueparom eeHepamusHble Modesu, CNOCobHble C030aBAMb
MeKCmbl, U306pax;eHus U NPo2pAaMMHbIL KOO. bosibuiue A3bIKoBbie Mooesu (LLM) cmasu HoBbiM 3Manom
Pas3BUMUSs, NOCKOJIbKY OHU OeMOHCMPUPYOM CNOCOOHOCMb K KOHMEKCMHOMY aHaau3y u 2eHepayuu
CJIOMHCHBIX CMbIC/I0BbIX KOHCMPYKYUU.

2. VickyccmBeHHbIl UHmesiiekm u pobomomexHuUKa. PobomomexHUKa s8/15emcsl NpuK/aaoHol
Hay4yHoU obsiacmeto, 3aHUMarouedcsl pazpabomkol asmomamu3upOBAHHbBIX MEXHUYECKUX CUCMeM U
pobomu3supoBaHHbIx ycmpolcmas. OHAa onupaemcsl Ha MeXampoHUKY, 3/1eKMPOHUKY, UHGOPMAMUKY,
MexaHUKy, paduomexHUKy u meopuro ynpasaeHus. OCHOBHAsA 3a0a4a pobomomexHUKU 3aK/14aemcs 8
co30aHuu ycmpolcms, cnoCobHbIX BbINOHSIMb NOJIe3Hble delicmBus 6e3 HenocpedCmBeHHo20 Y4acmus
yesioBekd.

VIHmezpauus UCKYCCMBEeHH020 UHMesIekma B8 pobomomexHuU4Yeckue cucmembl NO3B80/19em
co30asams  ABMOHOMHbIX pobomoB, CNOCObHLIX adanMUPOBAMBLCA K  OKpyxarowel cpeoe.
VIHmesinekmyasbHble pobomsl NPUMEHSIHoOM Memoobl KOMNbIOMEPHO20 3peHus 0/ pacNO3HABAHUS
06beKMOoB, UCNO/Ib3YHOM A/1I20PUMMbI JIOKAAU3AUUU U NOCMpPoeHuUs kapm (SLAM), a mak e mexHoso2uu
naaHuposaHus mpaekmopuu. CoBpemeHHble pobomomexHuYyeckue KOMNJIeKCbl Mo2ym BbINOJHAMb
MaHuUnysIsyuU ¢ obbekmamu, CopmupoBKYy moBapos, cbopKy demasel, KOHMPOJb KAa4ecmaad Uu
MPAaHcNOpPMUPOBKY.

lpumepom uHmMesiekmyaibHbiX pobomos s8sstomcs cucmems! Pleo, AIBO, QRIO, a makxce
COBpEeMeHHbIe CEPBUCHbIE U 2YyMAaHOUOHbIE pO6OMbI, NPUMEHSIEMbIE B NPOMbIULICHHOCMU U MeduyuHe. B
nepcnekmuse pobomomexHuka 6ydem mecHO CBA3aHA C pa3BuUMUeM UHMesIeKMYasibHbIX a20pUMmMOB
U aBMOHOMHbIX CUCMEM YNpassieHus.

3. TexHosmoeuu Big Data u ux 3HayeHue O/ UCKYCCMBEHHO20 UHMessiekma. Passumue
UCKYCCMBEHHO20 UHMes/IeKma Cmasao BO3MOXCHbIM 61a200apsi HAKonaeHuro 60/bWwux Maccusos
uHgopmauuu. TexHonoeuu Big Data npedcmasnstom cobol memoob! cbopad, XpaHeHus U aHaausa
O0aHHbIX, KOMOpble NO 06bEMY U C/IOHHOCMU NPEBLILIAM  BO3IMOXHOCMU MPAOUUUOHHBIX
UHGOPMAUUOHHBIX CUCMEM.

Knaccu4eckass KoHuenuusi Big Data skiro4aem mpu K/o4eBbix xapakmepucmuku: Volume
(obbém), Velocity (ckopocmb obpabomku) u Variety (pazHoobpasue ¢opmamos). B Hacmosuiee Bpems
modesib  pacwupeHa  0onosHUMesbHeiMU  napamempamu:  Value  (yueHHocms) u  Veracity
(docmosepHocme).

AHanu3 6o/bWUX OAHHbIX NO3BOJISAEM BbISBJIAMb CKPbIMble 3AKOHOMEPHOCMU, KOMOopbie
HEeBO3MOMHO 0bHapyxums npu py4Hol obpabomke. Memoosbi Data Mining u mMawuHHo20 oby4yeHus
aKMUBHO UCNOJIb3YHOMCA 0J1S NPO2HO3UPOBAHUS CNPOCA, AHA/IU3A NOBEOGHUS KIUeHMOoB, ONMUMU3AYUU
NPpoU3BOOCMBEHHbIX NPOLECCOB U MOHUMOPUH2A COUUA/TbHbIX AB/1eHUU.

B ob1acmu uckyccmBseHHo20 uHmesiekma 60osbuue 0aHHbIe BbINOJIHAOM posib 0by4arousel 6a3bi,
Nno380/15181 HelpocemsamM U as20pUMMAam MauluHHo20 0by4eHuUs: NOBbILAMb MOYHOCMb. OOHAKO pocm
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06bEMOB 0aHHbIX NPUBOOUM K HEOOX00UMOCMU NPUMEHEHUS pACNPe0eNeHHbIX BbIHUCTeHUU, 06/1a4YHbIX
naamgopm u cneyuaau3upoBaHHbIX UHCMPYMeHmMoB 0bpabomku.

4. basbl O0aHHbIX U CUCMeMbl YnpassieHuss OaHHbIMU. basa OaHHbIX npedcmassisem cobol
0P2aHU30BAHHYH COBOKYNHOCMb B3AUMOCBA3AHHbIX OAHHbIX, NPEOHA3HAYeHHbIX 0J1 XPAHeHus U
UCNOJIb30BAHUS B UHMOPMAUUOHHBLIX cucmemax. basbl 0aHHbIX AB878t0mca  ocHosol  uugdposol
UHGPpacmpykmypsl opeaHusayul, NOCKO/bKY obecneyusarom cucmemamusayuro UHgopmayuu u
BO3MOXCHOCMb MHO20N0/1630BAME/IbCKO20 doCMyNd.

Cnedyem pasznu4yams NOHSMUSA OAHHbIX U UHGopmauyuu. /JJaHHble — 3Mo (pOpMaiu308aHHbIe
csedeHus, npedcmas/ieHHbIe 8 BUOe, NPUOOHOM OJ1S MAWUHHOU 06pabomku. MIHgopmauus Bo3HUKaem
B pe3ysibmame uHmepnpemayuu 0aHHbIX U 3aBUCUM OM KOHMeKCMd.

CospemeHHbie CYB/] N0380SHOM XPAHUMb HE MOJIbKO OaHHbIE, HO U Memoobl Ux 0bpabomku:
npouedypbl, GYHKYUU, Mmpueeepbl, MexaHusMbl pasepaHudeHuss docmyna. [lo cnocoby XpaHeHus
pas/u4arom UeHmpaau3o8aHHbie 6asbl 0aHHbIX, pasmMewéHHbIe Ha 00HOM cepsepe, U pacnpeoeseHHbIe
6a3b! OaHHbIX, 31eMeHMbI KOMOPbIX HAXO0SMCS HA PA3HbIX Y3/1aX Cemu.

C pazsumuem Big Data u 061a4HbIx MexHo102ull NOABUIUCL pacnpedenéHHbIe xpaHuauuid, NoSQL
6a3bl 0aHHbIX U CUCMeMbl YyNpassieHuUs NOMOKAMU OAHHbIX, KOMOopble 0becneqyusarom BbICOKYH
ckopocmb 0bpabomku u macwmabupyemocme.

5. [poepammuposaHue Kak OCHOBA UHMEJIeKMYAJ/IbHbIX MexHos02ul. [IpoepammupoBaHue
asngemcs  ¢yHoameHmom pazpabomku  UCKYCCMBEHHO20 UHMesIeKmad U Uugposbix CUCmem.
Al20puUmMMbI - MAWUHHO20 00YyYeHUs peanusyromcs HA S3bIKAX NPO2PAMMUPOBAHUS, KOMOPbIe
obecneyusarom NOOOEPHKY Ppaziu4HbIX napadusm: npoyedypHol, 0bbekmHo-opueHmMuUpoBaHHoU,
PYHKUUOHAIBHOU U Jlo2u4ecKoU.

B Hacmosuee spems Haubosiee nonyiapHbIM A3bIKoM 8 obiacmu WK asisemcs Python, 61azo0aps
wupokomy Habopy 6ubnuomek (NumPy, Pandas, TensorFlow, PyTorch, Scikit-learn). /[ina
BbICOKONPOU3BOOUME/IbHbIX 3a0ay WuUpoko npumeHstomcss C++ u Java. [lpu aHanuse OaHHbIX
Bocmpebosarbi R u Julia.

Pazsumue npoepamMMHbIX CPeoCmB NO3BOJIUI0 CO30ABAMb  C/IOXCHbIE UHME/IEKMYasbHble
cucmemsbl, Komopble Mo2ym pabomams B pexume peasbHo20 BpemMeHu, adanmupoBaAmMbCs K
UBMEHSIIOUWLUMCS] YCI0BUSIM U 0becneyusams BbICOKYH MOYHOCMb NPO2HO308.

6. Smuyeckue U mexHo/I02u4ecKUe BbI308bI pAa3BUMUS UCKYCCMBEHHO20 UHMesIeKmd. Hecmompsi
Ha Npeumylwecmaad, UCKYCCMBEeHHbIU UHMesIekm Nopoxcoaem pso Cepbé3HbiX BbI30BOB. BO-nepBbIx,
BO3pacmaem puck oWUbOK aneopummoB B KPUMUYECKU BAXCHbIX cgepax: meoduyuHe, mpaHcnopme,
uHaHcax u eocydapcmseHHoOM ynpassieHuu. Bo-Bmopbix, akmyasbHol npobiemol S8/19emcs 3auiuma
NepCoHAIbHbIX OaHHbIX, NOCKOJIbKY 0by4YeHue modenel mpebyem 6osbuiux 06bEMoB UHGopMayuU.

Kpome mozo, coBpemeHHble 2eHepamuBHble MoOeau Mo2ym UCNOJIb30BAMbCS O/ CO30aHUS
NIoMHOU  uHgopmauyuu,  deepfake-koHmeHma U ABMOMAMU3UPOBAHHO20 — PACNPOCMPAHEHUS
0e3uHgopmauyuu. 3mo NpuBoOUM K He0bX00UMOCMU pA3BUMUS NPABOBbLIX MEXAHU3MOB pe2yiupoBaAHUS
U BHeOpeHUs NPUHYUNOB OMBemcmaeHHo20 WM.

Smuyeckue BoONPOChbI BKIOYAOM Makxe npobsiemy OUCKPUMUHAUUU, BO3HUKArowed u3-3a
npeos3amocmu OaHHbIX, U BONPOC OMBEMCMBEHHOCMU 3d pewleHus, NPUHUMAemMble aBMOHOMHbLIMU
cucmemamu.

Tabnuya 1 — CpasHeHue mexHosioeull UCKYCCMBEeHHo20 UHmesiekma u Big Data

Kpumeput HckyccmBeHHbIU uHmesiekm Big Data

OcHosHas uesb Asmomamu3ayus UHmMesnekmyasbHbix 3a0a4 U | XpaHeHue, 06pabomka u aHanu3s 60ibuwux
NPUHAMUS peweHul Maccusos 0aHHbIX

OcHosHol obbekm | Modesu, anzopummsi, Helipocemu JlaHHble, NOMOKU 0aHHbIX, XPAHU/IUWA

Memoob! MawuHHoe oby4eHue, 21ybokoe obyyeHue, NLP, Data Mining, ETL, pacnpedenéHHeble
KOMNbOMEpHoe 3peHue BbIYUC/IOHUS, CMamucmuyeckud aHanus

YIHCcmpymeHmbl TensorFlow, PyTorch, Scikit-learn, LLM Hadoop, Spark, NoSQL, o61a4Hble naamegopmbi

Pesysibmam [po2HO3bI, Knaccugukayus, 2eHepayus Bbiais/ieHue 3akoHomepHocmel, onmumMu3ayus

npuMeHeHus KOHMeHma, ynpasjieHue pobomamu Npoueccos, aHAIUMUKA

OcHoBHble Smuka, uHmepnpemupyemocms, 6e30nacHocmb | Kayecmso 0aHHbIX, MacmabupyemMocme,

npobaemsl modenel 3awuma uHgopmayuu

Bbi800bI

VIcKycCcmBeHHbIU  UHMesiiekm  ABAAemcs  Karoyesol mexHosio2uell  CoBpemMeHHo20 3mand
pazsumus yugposozo obujecmsa. E2o0 npakmu4eckas 3¢p@dekmuBHOCMb BO MHO20M 006YC/10B/IeHa
pazsumuem MawuHHo20 o0by4eHus u 2/1y60Kux HelpoHHbIX cemel, a Makx#e poCMoM BbIHUCUMESTbHbIX
mowHocmel. PobomomexHuka u MV mecHo CBA3AaHbI, NOCKOJILKY UHMEIeKMYAsbHbIe an20pummel
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obecneyusarom asmoHOMHOCMb poboMOB, Ux CNOCOOHOCMb K HABU2AUUU, pACNO3HABAHUIO 06beKMOoB U
B3aUMO0elcmBUIO C YE/I0BEKOM.

Big Data uepaem ¢yHOaMeHMasnbHy0 poJib B pPA3BUMUU UCKYCCMBEHHO20 UHMesiekmd,
obecnequsas Mooesiu Heobxo0UMbIMU OaHHbIMU 0718 06yYeHus u aHaausda. CoBpemeHHble 6asbl 0aHHbIX U
cucmembl ynpasieHus 0aHHbIMU OPMUPYHOM OCHOBY UUdPoBOU UHGPACMPYKMYPbl, NO3BOIAA XPAHUMb
u obpabamsisams 6osbuue 06bEMbI UHGOPMayUU.

B mo e Bpems passumue UCKYCCMBEHHO20 UHMesiekma mpebyem peleHuss BONnpocos
6e3onacHoCcmu, 3aujumabl NEPCOHANIbHLIX OAHHBIX U 3MUYEeCKo20 pe2yaupoBaHus. [lepcnekmusbi
OanbHelile2o npoepecca CBA3AHbl C  paspabomkol OmMBEemMCMBEHHbIX, UHMepnpemupyembix U
6e30NacHbIX UHMeIeKMYasibHbIX CUCMEM, CNOCObHbIX 3¢pekmuBHO UHMe2pupoBaAMbCS 8 PA3/IUYHbIE
cepbi HuU3HU 0bWecmsa.
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Abstract

This research article investigates the profound impact of various classroom seating arrangements
on the speaking participation of university-level English as a Foreign Language (EFL) students. Drawing
upon established theories such as Edward T. Hall's proxemics, Robert Sommer’s classroom ecology, and
Stephen Krashen's affective filter hypothesis, this study explores how the physical configuration of a
learning space can significantly influence student comfort, interaction, and communicative engagement.
A comparative analysis of traditional rows, U-shape, and cluster/group seating arrangements reveals
distinct patterns in student speaking activity. The findings suggest that sociopetal arrangements,
particularly cluster seating, foster a more conducive environment for active participation, reduce
speaking anxiety, and enhance overall classroom interaction among B 1 English level students. This article
advocates for a thoughtful consideration of classroom design as a pedagogical tool to optimize
communicative opportunities in EFL contexts.

Keywords: Classroom proxemics, seating arrangements, student speaking participation,
communicative engagement, EFL classroom interaction, classroom environment, affective filter,
sociopetal arrangements.

Introduction

The classroom, often perceived merely as a physical space for instruction, is in reality a dynamic
environment where spatial configurations can profoundly shape pedagogical outcomes. In the context of
English as a Foreign Language (EFL) education, where communicative competence is a primary goal, the
arrangement of student seating holds particular significance. Effective language acquisition, especially
in speaking, relies heavily on opportunities for interaction and a low-anxiety learning atmosphere. This
article delves into the intricate relationship between classroom seating arrangements and students’
speaking participation in EFL classes, arguing that intentional spatial design can serve as a powerful
catalyst for enhanced communicative engagement.

The theoretical underpinnings of this investigation are rooted in several key academic disciplines.
Proxemics, a term coined by anthropologist Edward T. Hall, explores the human use of space as a
specialized elaboration of culture [1]. Hall’s work highlights how individuals perceive and utilize personal
and social space, which directly translates to classroom dynamics. Complementing this, Robert Sommer’s
concept of classroom ecology examines the interplay between the physical environment and human
behavior within educational settings, emphasizing how different arrangements can either facilitate or
hinder interaction [2]. Furthermore, Stephen Krashen's affective filter hypothesis posits that emotional
variables such as anxiety, motivation, and self-confidence can act as a mental block, impeding language
acquisition [3]. A classroom environment that lowers this filter is therefore crucial for effective language
learning.

This study focuses on university EFL students at a B1 English level, a stage where learners are
capable of understanding and producing simple connected text on familiar topics, but often require
encouragement and a supportive environment to engage in spontaneous conversation. We compare
three common seating arrangements: traditional rows, U-shape, and cluster/group seating. Each
arrangement presents unique opportunities and challenges for student interaction and speaking
participation. By analyzing the observed participation data, this article aims to demonstrate how specific
seating configurations can either promote or inhibit communicative activities, ultimately influencing the
effectiveness of EFL instruction. The central argument advanced is that sociopetal arrangements, such
as cluster seating, are more effective in fostering communication and reducing speaking anxiety, thereby
optimizing the conditions for second language acquisition.
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Proxemics and classroom ecology

The study of proxemics, introduced by Edward T. Hall, provides a foundational understanding of
how individuals perceive and utilize space, and how these spatial behaviors are culturally influenced [1].
Hall identified different zones of personal space—intimate, personal, social, and public—each dictating
appropriate distances for various interactions. In a classroom setting, these proxemic zones are
constantly at play, influencing student-teacher and student-student interactions. For instance, a teacher
standing within a student's intimate or personal space might be perceived differently depending on
cultural norms, potentially affecting comfort levels and willingness to participate.

Building upon the principles of proxemics, Robert Sommer's work on classroom ecology delves into
the specific ways in which the physical arrangement of a learning environment impacts human behavior
and interaction [2]. Sommer distinguished between sociopetal and sociofugal arrangements. Sociopetal
arrangements are those that bring people together, encouraging interaction and communication, such
as circular or semi-circular seating. Conversely, sociofugal arrangements tend to keep people apart,
discouraging interaction, like traditional rows of desks [2]. Sommer's research, particularly in college
classrooms, highlighted how seating patterns directly correlate with student participation. For example,
students in the front and center of traditional row arrangements tend to participate more, while those
on the periphery or in the back are often less engaged [2]. This suggests that the physical layout is not
merely aesthetic but a powerful determinant of communicative dynamics.

In the context of EFL classrooms, the implications of proxemics and classroom ecology are
particularly salient. Effective language acquisition, especially in the development of speaking skills,
necessitates frequent and meaningful interaction. If the classroom layout is sociofugal, it inherently
creates barriers to spontaneous communication, potentially hindering the very goal of communicative
language teaching (CLT). CLT emphasizes interaction as both the means and the ultimate goal of learning
a language, requiring learners to engage in authentic communication to develop fluency and accuracy.
For instance, a traditional row arrangement, while efficient for lectures, can inadvertently create a
psychological distance that discourages students from initiating conversations or asking questions,
fearing they might disrupt the formal setting or be judged by a large audience. This can be particularly
detrimental in EFL contexts where learners often struggle with confidence and fluency. The physical
separation can reinforce a perception of individual learning rather than collaborative exploration, which
is counterproductive to language acquisition that thrives on interaction. Hall's concept of informal space,
which is learned implicitly through experience, further suggests that the comfort and familiarity students
feel within a given arrangement can significantly impact their willingness to engage [1]. A classroom
that feels alien or overly formal due to its layout can inadvertently raise barriers to communication.

The affective filter hypothesis and group dynamics

Stephen Krashen's affective filter hypothesis is a cornerstone of second language acquisition
theory, positing that a learner's emotional state can act as a mental barrier, or 'filter," preventing
comprehensible input from reaching the language acquisition device [3]. High anxiety, low motivation,
and lack of self-confidence contribute to a strong affective filter, making language learning more
challenging. Conversely, a low affective filter, characterized by comfort, motivation, and confidence,
facilitates language acquisition [3]. In an EFL classroom, speaking activities are often a significant source
of anxiety for learners, particularly those who fear making mistakes or being judged. Therefore, creating
an environment that actively lowers this filter is paramount for promoting speaking participation.

Classroom seating arrangements can directly impact the affective filter. Sociofugal arrangements,
such as traditional rows, can exacerbate anxiety by creating a formal, performance-oriented atmosphere
where students feel exposed when speaking. The physical distance and lack of direct eye contact with
peers can make the act of speaking feel more isolating and high-stakes. In contrast, sociopetal
arrangements, like U-shapes or clusters, can foster a sense of community and reduce perceived risk. When
students are physically closer and can easily make eye contact with their peers, it can promote a more
relaxed and collaborative atmosphere, thereby lowering the affective filter and encouraging more
spontaneous speaking [4].

Zoltdn Dérnyei's work on group dynamics in the language classroom further underscores the
importance of a cohesive and supportive learning environment [4]. Dérnyei argues that the internal
characteristics and evolution of a learner group significantly shape the language learning process. A
positive group dynamic, characterized by trust, mutual support, and a sense of belonging, can
significantly enhance motivation and reduce anxiety, leading to increased participation [4]. Seating
arrangements play a crucial role in establishing these dynamics. Arrangements that facilitate face-to-
face interaction and small group collaboration naturally encourage the formation of stronger
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interpersonal bonds and a more positive group identity, which are essential for effective communicative
practice in EFL settings. When students feel part of a cohesive group, they are more likely to take risks,

experiment with the language, and engage in meaningful communicative exchanges without fear of
negative evaluation. The sense of belonging and reduced threat perception in sociopetal arrangements
directly contributes to a lower affective filter, making learners more receptive to input and more willing
to produce output. This is particularly relevant for B1 level EFL students who are developing their fluency
and need ample opportunities for practice in a non-threatening environment.

Methodology

Participants and context

This study involved a cohort of university-level English as a Foreign Language (EFL) students
enrolled in an intermediate English proficiency course. All participants were assessed to be at a B1 English
level according to the Common European Framework of Reference for Languages (CEFR), indicating their
ability to understand the main points of clear standard input on familiar matters regularly encountered
in work, school, leisure, etc., and to produce simple connected text on topics which are familiar or of
personal interest. The study was conducted in a typical university classroom setting, equipped with
movable desks and chairs, allowing for flexible arrangement of the learning space. The participants were
informed about the observational nature of the study and their consent was obtained.

Study design and procedures

The research employed a comparative observational design to investigate the influence of three
distinct classroom seating arrangements on students’ speaking participation. The three arrangements
examined were:

1. Traditional rows: Students were seated in straight lines, facing the front of the classroom,
with limited direct eye contact with peers.

2. U-shape: Desks and chairs were arranged in a U-shape, allowing students to see each other
across the open end of the ‘U’ and facilitating easier eye contact and interaction with both the instructor
and other students.

3. Cluster/group seating: Students were arranged in small groups of 3-4, with desks facing each
other, promoting close-proximity interaction and collaborative work.

Each seating arrangement was implemented for a series of speaking-focused EFL lessons over a
predetermined period. During these lessons, the instructor facilitated various communicative activities
designed to elicit speaking participation, such as pair work, group discussions, debates, and role-plays.
The content and difficulty of the speaking tasks were kept consistent across all arrangements to ensure
comparability. The instructor maintained a consistent pedagogical approach, varying only the seating
arrangement.

Data collection and analysis

Data on student speaking participation was collected through direct observation during the
speaking activities. A trained observer systematically recorded the number of active students in each
seating arrangement. An ‘active student’ was defined as a student who voluntarily initiated or responded
to a communicative turn, contributed to a discussion, or actively engaged in a speaking task. This
quantitative data provided a clear measure of the extent of student involvement in speaking activities
across the different arrangements. The qualitative aspects of student comfort, interaction, and
engagement were inferred from the observed patterns of participation and the general atmosphere
within the classroom under each arrangement. The analysis focused on identifying correlations between
the seating arrangement and the observed levels of student speaking participation, as well as discussing
the potential underlying reasons for these patterns, drawing upon the theoretical frameworks of
proxemics, classroom ecology, and the affective filter hypothesis.

Results and discussion

Quantitative analysis of speaking participation

The observational data collected during the study revealed a clear trend in student speaking
participation across the three seating arrangements. The number of active students, defined as those
who voluntarily engaged in communicative turns or tasks, varied significantly:

Seating Arrangement | Number of Active Students
Rows 6

U-shape 12

Clusters 17

As evident from the data, cluster/group seating yielded the highest number of active students (17),
followed by the U-shape arrangement (12), and then traditional rows (6). This quantitative outcome
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strongly supports the hypothesis that certain seating configurations are more conducive to fostering
speaking participation in EFL classrooms.

Discussion of findings

Influence on speaking participation

The stark differences in active student numbers can be directly linked to the principles of proxemics
and classroom ecology. In traditional rows, students are typically oriented towards the front of the
classroom, primarily engaging with the instructor. This sociofugal arrangement inherently limits direct
eye contact and face-to-face interaction among peers, which are crucial for spontaneous communication
[2]. The physical distance and lack of visual cues from fellow students can create a more formal and less
interactive atmosphere, potentially increasing the affective filter for many learners [3]. Students may
feel more exposed when speaking, as their contribution is directed towards the entire class and the
instructor, rather than a smaller, more intimate group.

Conversely, the U-shape arrangement represents a significant improvement in fostering
interaction. By allowing students to see each other more readily, it reduces the physical barriers to
communication. This semi-circular setup promotes a more inclusive environment where both instructor-
led and student-to-student interactions are facilitated. The increased visibility among peers can
contribute to a greater sense of community and shared learning, which, according to Dérnyei, is vital for
positive group dynamics and increased participation in language classrooms [4]. The U-shape begins to
lower the affective filter by creating a less intimidating space for speaking.

The cluster/group seating arrangement proved to be the most effective in promoting speaking
participation. In this sociopetal configuration, students are seated in small, face-to-face groups, which
maximizes opportunities for direct interaction and collaboration. This arrangement naturally encourages
peer-to-peer communication, as students can easily turn to their group members for discussions, problem-
solving, and task completion. The close proximity and intimate group setting significantly reduce the
psychological distance between learners, thereby lowering the affective filter and mitigating speaking
anxiety [3]. When students feel comfortable and supported within their small group, they are more likely
to take risks, experiment with the language, and engage in more frequent and extended communicative
exchanges. This aligns with Hall's observations on how spatial arrangements influence involvement and
interaction [1].

Influence on student comfort, interaction, and engagement

Beyond mere numbers, the observed patterns suggest a deeper influence on student comfort,
interaction, and engagement. In traditional rows, the environment can feel more formal and less
personal, potentially leading to discomfort for students who are shy or anxious about speaking in front
of a larger group. The limited opportunities for peer interaction can also lead to reduced engagement, as
students may feel less connected to their classmates and the learning process. This can manifest as
passive listening rather than active participation.

The U-shape arrangement, while better, still maintains a degree of formality. However, the
increased visual access to peers can enhance comfort and encourage more interaction. Students are more
likely to engage in brief exchanges and respond to questions, as the physical setup supports a more
conversational flow. This improved interaction naturally leads to higher engagement, as students feel
more involved in the collective learning experience.

Cluster seating, by its very design, fosters a high degree of student comfort, interaction, and
engagement. The small group format creates a safe and supportive micro-environment where students
can practice speaking with less pressure. The ease of interaction within these groups promotes
collaborative learning, allowing students to co-construct meaning, provide peer feedback, and
collectively overcome linguistic challenges. This heightened interaction and comfort directly translate
into increased engagement, as students become active participants in their own learning and the
learning of their peers. The sociopetal nature of cluster seating effectively reduces the affective filter,
making the classroom a less threatening space for language production and encouraging students to
embrace communicative challenges [3], [4].

In summary, the findings indicate that seating arrangements are not merely logistical
considerations but powerful pedagogical tools that can significantly impact the communicative dynamics
of an EFL classroom. Sociopetal arrangements, particularly cluster seating, create an environment that
is conducive to increased speaking participation, enhanced student comfort, richer interaction, and
deeper engagement, ultimately contributing to more effective second language acquisition.



XX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 19-20.05.2026

Expanding on proxemics and classroom ecology

The foundational work of Edward T. Hall on proxemics provides a crucial lens through which to
view classroom interactions. Hall's categorization of space into intimate, personal, social, and public
zones is not merely a theoretical construct but a practical reality in every educational setting. In the EFL
classroom, where the goal is often to simulate real-world communication, the manipulation of these
zones can significantly impact learner behavior. When students are placed in a sociofugal arrangement
like traditional rows, they are often forced to interact across social or even public distances, which can
feel unnatural and intimidating for language practice. This distance can amplify the fear of making
mistakes, as the student feels they are performing for an audience rather than conversing with a peer.

Conversely, sociopetal arrangements like clusters or U-shapes bring students into closer proximity,
often within the personal or closer social zones. This physical closeness can foster a sense of intimacy
and shared purpose, making the act of speaking feel less like a public performance and more like a private
conversation. This shift in perception is vital for lowering the affective filter and encouraging the risk-
taking necessary for language acquisition. Furthermore, the ability to easily read non-verbal cues—such
as facial expressions and body language—is greatly enhanced in sociopetal arrangements. These cues
are essential components of effective communication and can provide valuable scaffolding for learners
who are still developing their linguistic competence.

Robert Sommer's concept of classroom ecology further illuminates the relationship between
physical space and student behavior. Sommer's research demonstrated that students in the "action zone"
of a traditional classroom—typically the front and center—are more likely to participate than those on
the periphery. This suggests that the physical layout of the classroom can inadvertently create
inequalities in participation opportunities. By moving away from traditional rows and adopting more
inclusive arrangements, educators can democratize the classroom space, ensuring that all students have
equal access to the "action zone" and the communicative opportunities it affords.

The role of the teacher in different arrangements

The seating arrangement also profoundly influences the role and behavior of the teacher. In a
traditional row setup, the teacher is often positioned at the front of the room, acting as the primary
source of information and the focal point of interaction. This teacher-centered approach can limit
student-to-student communication and reinforce a passive learning dynamic. However, in sociopetal
arrangements, the teacher's role shifts from a "sage on the stage" to a "quide on the side." The physical
layout encourages the teacher to move around the room, interacting with different groups and
facilitating communication rather than dominating it.

This shift in the teacher's role is particularly beneficial in the EFL classroom, where the goal is to
maximize student talking time (STT) and minimize teacher talking time (TTT). By adopting a more
facilitative role, the teacher can create a more learner-centered environment where students feel
empowered to take ownership of their learning. Furthermore, the teacher's physical proximity to the
students in sociopetal arrangements can help to build rapport and trust, further lowering the affective
filter and creating a more supportive learning atmosphere.

Addressing potential challenges of sociopetal Arrangements

While the benefits of sociopetal arrangements are clear, it is important to acknowledge and
address potential challenges. One common concern is that group seating can lead to increased off-task
behavior and noise levels. To mitigate this, teachers must establish clear expectations and guidelines for
group work, ensuring that students understand the purpose and structure of the activities. Additionally,
careful monitoring and facilitation are essential to keep students focused and engaged.

Another challenge is the potential for unequal participation within groups. In some cases, more
dominant or proficient students may monopolize the conversation, while quieter or less confident
students may withdraw. To address this, teachers can assign specific roles within the groups, such as
discussion leader, timekeeper, or note-taker, ensuring that all students have a defined responsibility and
an opportunity to contribute. Furthermore, incorporating a mix of pair work and larger group activities
can provide different types of interaction opportunities, catering to the diverse needs and preferences of
the learners.

The impact of seating on different types of speaking activities

The effectiveness of a seating arrangement can also vary depending on the specific type of
speaking activity being conducted. For example, traditional rows may be suitable for individual
presentations or formal assessments, where the focus is on individual performance and the teacher needs
a clear view of all students. However, for interactive activities such as role-plays, debates, or collaborative
problem-solving, sociopetal arrangements are far more effective.
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In a U-shape arrangement, for instance, students can easily engage in whole-class discussions or
debates, as they can see and hear all of their peers. This setup is also ideal for activities that require the
teacher to demonstrate or model a task before students practice it in pairs or small groups. Cluster
seating, on the other hand, is particularly well-suited for collaborative tasks that require close
cooperation and negotiation of meaning. By carefully matching the seating arrangement to the
pedagogical goals of the activity, teachers can optimize the learning experience and maximize student
engagement.

Long-term effects on language acquisition

The influence of classroom seating arrangements extends beyond immediate participation levels;
it can also have long-term effects on language acquisition. A consistently supportive and interactive
classroom environment, facilitated by sociopetal seating, can help to build students' confidence and
motivation over time. As students become more comfortable speaking in class, they are more likely to
seek out opportunities for practice outside of the classroom, further accelerating their language
development.

Moreover, the positive group dynamics fostered by sociopetal arrangements can create a sense of
community and belonging that is essential for sustained language learning. When students feel
connected to their peers and supported by their teacher, they are more likely to persevere through the
challenges of language acquisition and achieve their learning goals. Therefore, the intentional design of
the classroom physical environment should be viewed not merely as a logistical consideration, but as a
strategic pedagogical tool with the potential to significantly enhance the effectiveness of EFL instruction.

Conclusion

This study has underscored the critical role that classroom seating arrangements play in shaping
the speaking participation of university EFL students. By examining traditional rows, U-shape, and
cluster/group seating configurations, we have demonstrated a clear correlation between the physical
organization of the learning space and the level of student communicative engagement. The quantitative
data unequivocally shows that sociopetal arrangements, particularly cluster seating, significantly
increase the number of active student speakers compared to more sociofugal setups like traditional rows.

The theoretical frameworks of Edward T. Hall's proxemics, Robert Sommer’s classroom ecology,
and Stephen Krashen’s affective filter hypothesis provide robust explanations for these observed
patterns. Traditional rows, by their very nature, create physical and psychological barriers that can
elevate the affective filter, leading to reduced comfort and increased anxiety in speaking situations. In
contrast, U-shape and especially cluster seating arrangements foster a more intimate, collaborative, and
less intimidating environment. These sociopetal designs facilitate direct eye contact, encourage peer-to-
peer interaction, and cultivate a sense of community, all of which are crucial for lowering the affective
filter and promoting spontaneous language production.

Furthermore, the findings align with Zoltdn Dornyei’s insights into group dynamics, highlighting
how seating arrangements can influence the cohesion and interactive quality of a language learning
group. When students are physically positioned to interact easily, they are more likely to develop stronger
interpersonal bonds, feel more comfortable taking linguistic risks, and engage more deeply in
communicative tasks. This, in turn, enhances overall student comfort, interaction, and engagement,
creating a virtuous cycle that supports effective second language acquisition.

In conclusion, educators in EFL contexts should view classroom seating arrangements not as a mere
logistical detail but as a powerful pedagogical tool. Intentional design of the learning space, favoring
sociopetal configurations such as cluster seating, can significantly enhance speaking participation,
reduce anxiety, and foster a more dynamic and communicative classroom environment. Future research
could explore the long-term effects of these arrangements on language proficiency development and
investigate student perceptions of comfort and anxiety more directly through qualitative methods.
Ultimately, optimizing classroom proxemics is a vital step towards creating more effective and engaging
EFL learning experiences.
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Abstract

The rapid advancement of artificial intelligence (Al) has significantly influenced higher education
and transformed approaches to foreign language teaching. In tourism education, English language
proficiency is considered one of the most essential professional competencies due to the international
nature of the tourism and hospitality industry. Artificial intelligence technologies such as adaptive
learning platforms, intelligent tutoring systems, chatbots, speech recognition applications, virtual
simulations, and machine translation tools create new possibilities for improving English language
acquisition among tourism students. This article examines the role of Al in English language teaching
within tourism education and analyzes both the pedagogical benefits and challenges associated with Al
integration. The study explores modern educational methodologies supported by Al technologies and
investigates how these innovations contribute to communicative competence, intercultural
communication, learner autonomy, and professional preparedness. The article is based on a qualitative
literature review and comparative analysis of recent academic studies related to Al-assisted language
learning and tourism education. The findings demonstrate that Al technologies increase student
motivation, support personalized learning, improve pronunciation and speaking skills, and simulate
authentic tourism communication scenarios. However, the implementation of Al in education also raises
concerns regarding ethical issues, digital inequality, overdependence on technology, and insufficient
teacher preparedness. The study concludes that artificial intelligence should function as a
complementary educational tool rather than a replacement for human teachers. Future educational
models in tourism studies will likely combine traditional pedagogy with Al-supported learning
environments in order to create more flexible, interactive, and practice-oriented systems of language
instruction.

Key words: Artificial intelligence, tourism education, English language teaching, Al-assisted
learning, EFL, digital education, tourism communication, adaptive learning, educational technology.

Introduction. The twenty-first century is characterized by rapid technological innovation that has
transformed communication, business, healthcare, and education. Among the most influential
technological developments is artificial intelligence (Al), which has become increasingly integrated into
educational systems worldwide. Al technologies are now widely applied in language learning, online
education, automated assessment, and personalized instruction. The integration of Al into education has
created opportunities for more interactive, student-centered, and flexible learning environments. The
tourism industry is one of the most globalized sectors of the modern economy. Tourism professionals
interact daily with people from different linguistic and cultural backgrounds. As a result, English
functions as the primary international language of tourism, hospitality, aviation, customer service, and
intercultural communication. Students studying tourism must therefore develop strong English language
skills to communicate effectively in professional contexts such as hotels, airports, travel agencies,
museums, restaurants, and international events. Traditional methods of language teaching are
increasingly being supplemented by digital technologies and Al-supported educational systems. Artificial
intelligence allows students to practice language skills through virtual simulations, intelligent chatbots,
speech recognition systems, and adaptive learning platforms. These technologies create realistic
professional situations that help tourism students improve practical communication abilities before
entering the workplace. The growing use of Al in tourism itself also increases the importance of
technological competence among tourism students. Modern tourism businesses increasingly employ Al-
based booking systems, virtual assistants, automated customer support, and intelligent recommendation
systems. Consequently, tourism education must prepare students not only linguistically but also
technologically.

The purpose of this article is to examine the impact of artificial intelligence on English language
teaching for tourism students, analyze key educational opportunities and challenges associated with Al
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integration, and explore modern pedagogical approaches that combine language learning, tourism
education, and technological innovation.

Literature Review

Artificial intelligence has become one of the most widely discussed topics in contemporary
educational research. Scholars from different academic disciplines have examined how Al technologies
influence language learning, student motivation, communication skills, and educational management.

According to Russell and Norvig (2021), artificial intelligence refers to computational systems
capable of performing tasks that normally require human intelligence, including learning, reasoning,
speech recognition, and problem-solving. In educational contexts, Al technologies support automated
assessment, adaptive learning, and personalized instruction. Holmes, Bialik, and Fadel (2019) argue that
Al can significantly transform traditional educational models by providing individualized learning
experiences and improving learner engagement. The researchers emphasize that Al systems can analyze
student performance data and adapt educational materials according to learners’ needs, learning pace,
and academic progress. Research by Luckin et al. (2016) demonstrates that Al-assisted learning
environments increase learner autonomy and motivation. According to the authors, intelligent tutoring
systems can provide immediate feedback and personalized support that improve academic achievement
and independent learning skills. In the field of language education, Chapelle and Sauro (2017) state that
digital technologies and Al applications create opportunities for more interactive language practice. They
emphasize that Al-based communication tools support authentic interaction and improve communicative
competence in second-language acquisition. Kukulska-Hulme (2020) highlights the importance of mobile
and Al-supported learning in modern foreign language education. The scholar argues that Al technologies
allow students to continue language practice outside traditional classrooms and support lifelong
learning.

In tourism education, English language competence is considered essential for professional success.
According to Walker and Harding (2019), tourism professionals must demonstrate effective intercultural
communication skills and customer-oriented interaction in multilingual environments. The researchers
note that tourism students benefit significantly from practical communication activities that simulate
real workplace situations. Recent studies by Huang, Hew, and Lo (2019) demonstrate that Al chatbots
can effectively support conversational practice for English learners. Their research shows that chatbot
interaction increases speaking confidence and reduces language anxiety among students. Furthermore,
research conducted by Li (2021) indicates that speech recognition systems contribute positively to
pronunciation development and oral fluency. Al applications can analyze pronunciation accuracy, stress
patterns, intonation, and speaking speed, allowing learners to receive immediate corrective feedback.
Another important area in the literature concerns adaptive learning systems. According to Siemens and
Baker (2012), learning analytics and Al technologies make it possible to create personalized educational
pathways based on learner behavior and performance data. Such systems are particularly useful in
foreign language education because learners demonstrate different language levels and learning styles.

However, researchers also identify significant challenges associated with Al integration in
education. Selwyn (2019) emphasizes ethical concerns related to data privacy, surveillance, and
algorithmic bias in educational technologies. The scholar warns that educational institutions must
establish ethical frameworks for Al implementation. Similarly, Zawacki-Richter et al. (2019) argue that
although Al offers considerable educational benefits, human teachers remain irreplaceable because
emotional intelligence, empathy, cultural understanding, and interpersonal communication cannot be
fully replicated by machines. Teacher preparedness also represents a critical issue. According to Redecker
(2017), many educators lack sufficient digital competence to effectively integrate Al technologies into
classroom instruction. Professional development and teacher training are therefore essential for
successful implementation.

Overall, the literature confirms that Al has substantial potential to improve English language
teaching for tourism students by supporting communication practice, personalization, learner
motivation, and professional preparation. Nevertheless, balanced and ethical implementation remains
necessary.

Key Themes and Methodologies: One of the most significant themes is the personalization of
educational content. Al systems analyze student performance and adapt learning materials according to
individual needs, strengths, and weaknesses. Personalized learning improves student motivation and
increases learning efficiency. Modern tourism education emphasizes practical communication skills
rather than theoretical language knowledge alone. Al technologies support communicative competence
through simulated dialogues, interactive exercises, and virtual customer-service scenarios. Tourism
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professionals work in multicultural environments. Al-supported simulations expose students to different
cultural communication styles and prepare them for international interaction. The integration of Al into
tourism education also promotes digital competence. Students learn how to interact with intelligent
technologies commonly used in modern tourism industries. Researchers consistently discuss ethical
concerns, including data privacy, technological inequality, and overdependence on Al systems. Human-
centered pedagogy remains an important principle in educational practice.

Methodology

This study employs a qualitative research methodology based on literature review and comparative
analysis. Academic articles, books, and scholarly publications related to artificial intelligence, tourism
education, and English language teaching were analyzed.

The research focused on identifying: major Al technologies used in language learning, educational
benefits of Al integration, challenges and limitations associated with Al implementation, pedagogical
approaches in tourism language education. The selected literature includes peer-reviewed journal
articles, academic books, and international educational reports published between 2016 and 2024.
Comparative analysis was used to examine similarities and differences among scholarly perspectives
regarding Al-assisted language teaching. The study also applies a thematic analysis approach in order to
categorize key trends and educational implications related to Al in tourism education.

Analysis and Discussion

The analysis demonstrates that artificial intelligence significantly influences English language
teaching methodologies in tourism education. Al technologies contribute to more flexible, interactive,
and practice-oriented educational environments.

One of the most important advantages of Al integration is increased learner engagement. Tourism
students benefit from interactive communication practice through Al chatbots and virtual simulations.
Unlike traditional classroom activities, Al systems provide immediate responses and allow unlimited
practice opportunities.

Speech recognition technologies represent another major advancement. Tourism professionals
must communicate clearly with international travelers, and pronunciation accuracy is essential for
professional interaction. Al-powered pronunciation systems help students identify errors and improve
speaking fluency through real-time feedback. Adaptive learning platforms also improve educational
efficiency. Traditional classrooms often struggle to address individual learner differences. Al systems
solve this problem by personalizing exercises according to student progress and language proficiency.

Furthermore, Al technologies create authentic tourism communication scenarios. Virtual hotel
reception tasks, airport dialogues, customer-service interactions, and tour-guiding simulations allow
students to practice professional English in realistic contexts. Such experiences increase student
confidence and workplace preparedness.

However, the analysis also reveals important challenges. Excessive dependence on technology may
reduce independent thinking and face-to-face communication skills. Students may become overly reliant
on automated translation systems instead of developing authentic language competence. Ethical
concerns remain highly significant. Al systems collect large amounts of personal and educational data,
raising questions regarding privacy, security, and responsible data management.

Another challenge involves technological inequality. Educational institutions in developing regions
may lack sufficient digital infrastructure, software access, or financial resources for implementing
advanced Al systems. Teacher preparedness is equally important. Successful Al integration requires
educators who possess digital literacy and technological competence. Many teachers still require
professional training in Al-supported pedagogy.

Despite these limitations, the findings suggest that Al should not be viewed as a replacement for
teachers. Human interaction remains essential for emotional support, intercultural sensitivity,
motivation, and social communication. The most effective educational model is likely to be a hybrid
approach combining traditional pedagogy with Al-assisted technologies.

The future of tourism education will likely involve greater interdisciplinary cooperation between
linguistics, computer science, tourism studies, and educational psychology. Such collaboration can
support the development of more effective and ethically responsible Al learning environments.

Conclusion. Artificial intelligence has become an increasingly important component of modern
English language teaching for tourism students. Al technologies such as chatbots, adaptive learning
systems, speech recognition applications, machine translation tools, and virtual simulations improve
communication practice, learner engagement, and personalized instruction.
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The study demonstrates that Al integration contributes positively to communicative competence,
pronunciation development, learner autonomy, and professional preparedness in tourism education. Al-
supported educational environments create realistic communication experiences that prepare students
for international tourism workplaces.

At the same time, successful implementation of Al requires careful consideration of ethical
concerns, teacher preparedness, technological accessibility, and human-centered pedagogy. Artificial
intelligence should complement rather than replace traditional educational interaction.

Future research should focus on long-term educational outcomes, intercultural communication
development, emotional aspects of Al-supported learning, and ethical frameworks for Al integration in
higher education. The continued collaboration between educators, researchers, and technology
developers will play a crucial role in shaping the future of tourism language education.
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Abstract

This article examines the neurocognitive and multimodal foundations of developing speech
competence in children with alalia. Alalia is a complex developmental speech disorder associated with
significant impairment in the formation of expressive and/or receptive speech despite relatively preserved
peripheral hearing and intelligence. The problem is not limited to pronunciation difficulties; rather, it
involves deficits in phonemic perception, auditory-verbal memory, lexical access, grammatical
structuring, motor programming of speech, semantic processing, and communicative-pragmatic
interaction.

Keywords: alalia, speech competence, neurocognitive development, multimodal technologies,
speech therapy, neuropsychological correction.

Speech development is one of the most important indicators of a child’s cognitive, emotional,
social, and educational development. Through speech, a child not only communicates with others but
also organizes thinking, regulates behavior, expresses needs, constructs social relationships, and
participates in learning activities. Therefore, speech disorders in early childhood may negatively influence
intellectual development, emotional stability, social adaptation, school readiness, and later academic
achievement.

Among complex developmental speech disorders, alalia occupies a special place because it affects
the very mechanisms of speech formation. In children with alalia, speech does not develop normally or
develops with severe delay and structural impairment. Such children may have difficulty understanding
speech, producing words and sentences, using grammar, retaining verbal information, differentiating
sounds, and organizing coherent utterances. In many cases, speech impairment is accompanied by
attention deficits, reduced working memory, motor planning difficulties, emotional instability, and
limited communicative initiative.

In contemporary speech therapy and neuropsychology, alalia is increasingly understood not only
as a linguistic disorder, but also as a neurocognitive developmental disturbance. This means that
correctional work must address the interaction between brain mechanisms, cognitive processes, sensory-
motor systems, and communicative behavior. Traditional speech therapy methods remain important;
however, they should be enriched with multimodal technologies that stimulate several sensory and
cognitive channels simultaneously. Such technologies make it possible to involve visual perception,
auditory processing, tactile sensations, movement, rhythm, digital interaction, symbolic modeling, and
play-based communication in the development of speech competence.

The relevance of this topic is determined by the need to modernize correctional and pedagogical
support for children with severe speech disorders. The increasing availability of digital tools, interactive
platforms, augmentative and alternative communication systems, neuropsychological exercises, and
sensory integration techniques creates new opportunities for individualized speech development. At the
same time, these technologies must be scientifically grounded, methodologically structured, and adapted
to the child’s age, diagnosis, cognitive profile, and communicative needs.

The scientific study of speech competence development in children with alalia is rooted in
neuropsychology, speech-language pathology, developmental linguistics, cognitive neuroscience, and
special pedagogy. Although the term alalia is widely used in post-Soviet speech therapy traditions,
English-language literature more often discusses related conditions under the concepts of developmental
language disorder, developmental dysphasia, childhood language disorder, or severe expressive-receptive
language impairment. Therefore, the literature on alalia should be interpreted through an
interdisciplinary lens that combines classical neuropsychological theory with contemporary evidence on
developmental language disorders and multimodal intervention.

Classical neuropsychological research provides the theoretical foundation for understanding alalia
as a disorder of higher cortical functions rather than merely a mechanical defect of articulation. Luria
argued that speech is not localized in one isolated “speech center” but is organized through complex



XX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 19-20.05.2026

functional systems involving auditory perception, motor programming, semantic processing, memory,
and voluntary regulation [1]. This view is particularly important for children with alalia because their
speech difficulties usually involve several interconnected mechanisms: impaired phonemic perception,
weak auditory-verbal memory, deficient articulatory planning, reduced lexical access, and insufficient
grammatical organization. From this perspective, correctional work should not be limited to sound
production; it must target the broader neurocognitive system that supports speech and language
development.

Wagotsky’s cultural-historical theory also plays a major role in explaining the developmental
consequences of alalia. According to Vlygotsky, speech is both a means of social communication and a
psychological tool for organizing thought, behavior, and learning [2]. In children with alalia, limited
speech development may restrict not only communication but also symbolic thinking, self-regulation,
social interaction, and educational readiness. Therefore, speech competence should be viewed as a
multidimensional developmental construct that includes phonological, lexical, grammatical, semantic,
pragmatic, and cognitive components. This position supports the idea that intervention should take place
within meaningful social interaction rather than through isolated mechanical repetition.

Modern research on developmental language disorder confirms that severe language difficulties
can affect expressive speech, receptive language, learning, reading, writing, and social participation. The
National Institute on Deafness and Other Communication Disorders describes developmental language
disorder as a condition that interferes with learning, understanding, and using language and is not
explained by hearing loss, autism, or insufficient language exposure [3]. This definition is relevant to the
study of alalia because both conditions involve persistent difficulties in language acquisition despite the
absence of primary sensory impairment. However, alalia is often considered more severe and is frequently
associated with neuropsychological immaturity of speech-related functional systems.

A significant contribution to the neurocognitive understanding of language development has been
made by Kuhl whose work demonstrates the importance of early auditory experience, phonetic
perception, and neural plasticity in language acquisition [4]. Kuhl's findings are essential for
understanding alalia because many children with this disorder experience difficulties in differentiating
speech sounds and forming stable phonological representations. If the child cannot accurately process
auditory speech input, later stages of language development, including vocabulary acquisition and
grammar formation, become unstable. Thus, phonemic perception and auditory-verbal processing should
be regarded as central targets of correctional intervention.

Bishop’s research on language comprehension disorders emphasizes that receptive language
impairment may be hidden or underestimated, especially when children use contextual cues, gestures, or
routine-based understanding to compensate for weak linguistic processing [5]. This is highly relevant for
children with sensory or mixed forms of alalia. A child may appear to understand everyday speech but
fail when instructions become complex, abstract, or grammatically demanding. Therefore, assessment
of alalia should include not only expressive speech but also comprehension, auditory memory, semantic
differentiation, and the ability to process grammatical relations.

Leonard’s work on children with specific language impairment, now commonly discussed within
the broader framework of developmental language disorder, provides important insights into
grammatical and morphosyntactic difficulties [6]. He shows that children with developmental language
impairments often experience persistent problems in tense marking, agreement, sentence structure,
word order, and grammatical generalization. These findings are useful for alalia research because many
children with motor alalia may gradually acquire vocabulary but continue to struggle with grammatical
organization. Consequently, speech therapy should move beyond word naming and include systematic
formation of phrase structure, sentence models, and connected speech.

Paul, Norbury, and Gosse emphasize that language disorders from infancy through adolescence
should be understood developmentally, since early difficulties in speech and language can later affect
literacy, academic performance, peer interaction, and emotional well-being [7]. This view expands the
concept of speech competence by connecting it with long-term educational and social outcomes. For
children with alalia, early intervention is particularly important because delayed or insufficient correction
may result in secondary difficulties: reduced communicative initiative, behavioral frustration, limited
social participation, and poor school readiness.

Alalia is a complex developmental speech disorder that requires scientifically grounded,
individualized, and interdisciplinary correctional support. The development of speech competence in
children with alalia depends on the activation of neurocognitive mechanisms, the formation of sensory-
motor and linguistic connections, and the creation of meaningful communicative situations.
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Neurocognitive technologies make it possible to address the underlying mechanisms of speech
impairment, including deficits in auditory perception, verbal memory, attention, motor programming,
and executive regulation. Multimodal technologies, in turn, expand the child’s opportunities for speech
acquisition by involving visual, auditory, tactile, kinesthetic, rhythmic, digital, and communicative
channels.

The most effective approach is an integrated model in which speech therapy, neuropsychological
correction, sensory integration, digital tools, AAC, play-based learning, and family participation are
combined into a unified correctional system. Such an approach allows not only to develop pronunciation
or vocabulary but also to form full speech competence as the basis for cognitive development, social
adaptation, emotional well-being, and successful education.

Thus, the use of neurocognitive and multimodal technologies in work with children with alalia
represents a promising direction for modern special pedagogy and speech therapy. Future research
should focus on developing evidence-based intervention programs, evaluating the effectiveness of digital
and multimodal tools, and creating individualized correctional models adapted to different forms and
severity levels of alalia.
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Abstract

In recent years, the integration of digital technologies into foreign language education has
considerably changed the ways authentic language resources are used in the professional preparation of
future teachers. Digital authentic materials, including videos, podcasts, online articles, social media
content, and interactive platforms, provide learners with access to real communicative situations and
contemporary forms of language use. Unlike traditional educational materials, these resources combine
several modes of communication such as text, image, sound, gesture, and visual design, which makes
them inherently multimodal.

This literature review examines the multimodal nature of digital authentic materials and their role
in foreign language teacher education. Particular attention is given to the theoretical foundations of
multimodality and multimodal discourse analysis, as well as to the pedagogical value of authentic digital
communication in language learning environments. The study also explores how multimodal digital
materials contribute to the development of communicative, sociolinguistic, intercultural, and digital
competences of future foreign language teachers.

The review demonstrates that multimodal digital authentic materials create more interactive,
contextualized, and meaningful learning experiences while simultaneously reflecting modern
communication practices in digital environments.

Keywords: multimodality, digital authentic materials (DAM), multimodal discourse analysis,
foreign language teacher education, digital communication, communicative competence, multimodal
literacy, authentic digital discourse.

Introduction

The continuous expansion of digital technologies has substantially influenced contemporary
foreign language education and transformed the ways language learning materials are created,
distributed, and integrated into educational practice. Modern educational environments increasingly rely
on digital authentic materials such as videos, podcasts, social media content, online newspapers, blogs,
and interactive platforms that reflect naturally occurring communication in real-life contexts. Unlike
traditional textbook-based materials, digital authentic resources expose learners to dynamic language
use, cultural diversity, and contemporary communicative practices that characterize modern digital
interaction. As a result, the integration of authentic digital resources has become an important
component of foreign language teacher education.

At the same time, the growing role of digital communication has intensified scholarly interest in
multimodality and multimodal discourse analysis. Digital authentic materials are inherently multimodal
because they combine multiple semiotic resources, including written text, visual imagery, audio, gesture,
layout, and interactive elements, which work together to construct meaning. Platforms such as YouTube,
Instagram, TikTok, TED Talks, podcasts, and online media environments demonstrate that
communication in digital spaces is no longer limited to verbal language alone but is increasingly shaped
through the interaction of different modes. Consequently, understanding the multimodal nature of
digital authentic materials has become essential for both language learning and teacher preparation.

Recent studies have explored multimodality, digital discourse, and the pedagogical value of
authentic materials in language education. However, many existing studies focus primarily on general
digital communication, multimodal theory, or the technical use of digital resources in classrooms.
Comparatively less attention has been devoted to the multimodal characteristics of digital authentic
materials specifically within the professional preparation of future foreign language teachers. In
particular, there remains a limited number of literature reviews that examine how multimodal digital
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authentic materials contribute to the development of communicative, sociolinguistic, intercultural, and
digital competences in teacher education contexts.

Therefore, this literature review aims to examine the multimodal nature of digital authentic
materials and analyze their significance in foreign language teacher education. The study focuses on the
theoretical foundations of multimodality and explores how multimodal digital authentic materials
support more contextualized, interactive, and meaningful language learning experiences in
contemporary educational environments.

Literature review

Digital authentic materials in foreign language education

The growing integration of digital technologies into education has significantly increased the use
of authentic materials in foreign language teaching and learning. Authentic materials are commonly
understood as resources originally created for real communicative purposes rather than for instructional
use. Such materials expose learners to naturally occurring language and provide opportunities to interact
with contemporary forms of communication used by native speakers in everyday contexts [1]. Unlike
simplified textbook exercises, authentic resources reflect real linguistic structures, spontaneous speech,
cultural references, and socially situated communication, which makes them particularly valuable in
foreign language education. Authentic materials help learners experience language as it is genuinely used
in society and encourage more meaningful engagement with communication processes [2].

The rapid development of digital environments has transformed traditional authentic materials
into digital authentic materials, which include online videos, podcasts, blogs, social media content, digital
news articles, interactive websites, online interviews, and virtual communication platforms. These
resources allow learners to encounter language in dynamic and multimodal forms that closely resemble
real-life communication practices. Digital authentic materials differ from traditional printed resources
because they combine several modes of meaning-making, including written text, audio, image, gesture,
sound effects, visual design, and interaction. Consequently, digital authentic resources provide more
contextualized exposure to language and communication in contemporary digital culture [3].

Modern digital communication platforms have become important sources of authentic language
input in foreign language education. YouTube videos, TED Talks, podcasts, online interviews, and social
networking platforms such as Instagram and TikTok demonstrate how communication in digital spaces
is constructed through the interaction of multiple semiotic elements. Research in multimodal discourse
analysis shows that meaning in digital communication is created not only through verbal language but
also through images, sound, movement, layout, and visual symbolism [4]. In this regard, digital authentic
materials represent naturally multimodal educational resources that allow learners to interpret
language within broader communicative and cultural contexts.

Another characteristic of digital authentic materials is their ability to support contextual learning.
Learners are not limited to isolated vocabulary or grammar exercises but instead interact with language
embedded in meaningful social situations. Videos, podcasts, and digital storytelling provide examples of
authentic pronunciation, intonation, communicative strategies, and cultural behavior that are difficult
to reproduce through traditional teaching materials. Digital storytelling, for example, combines speech,
image, music, and visual narrative to construct emotionally and socially meaningful communication,
which enhances learners’ engagement and comprehension processes [5].

The pedagogical value of digital authentic materials is closely related to the development of
several competences important for future foreign language teachers:

1. Communicative competence — exposure to authentic speech and real-life communication.

2. Sociolinguistic competence — understanding cultural references, communication norms, and
language variation.

3. Intercultural competence —interaction with diverse cultural perspectives presented in authentic
digital environments.

4. Digital literacy — ability to navigate and critically evaluate digital communication.

5. Multimodal literacy — interpretation of meaning created through multiple communicative
modes.

Through authentic digital discourse, learners become familiar with informal expressions, cultural
references, communication norms, and contemporary speech practices used in online environments. Such
experiences contribute to more realistic and practice-oriented language learning. In addition, digital
authentic materials often increase learner motivation because students interact with contemporary and
socially relevant content connected to real communication practices and modern media culture [1].
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Despite their numerous advantages, the integration of digital authentic materials into foreign
language education also presents several challenges. Learners may experience difficulties related to rapid
speech, unfamiliar vocabulary, multimodal complexity, or information overload. Teachers are therefore
expected not only to select appropriate digital resources but also to guide learners in interpreting
multimodal content critically and effectively. Consequently, the successful integration of digital
authentic materials requires the development of digital and multimodal literacy in foreign language
teacher education, as future teachers must be prepared to work with complex digital communication
environments [6].

The multimodal nature of digital authentic materials

Multimodality refers to the use of several communicative modes in the process of meaning-making.
In modern communication, people no longer rely only on written or spoken language because meaning is
often created through the interaction of text, image, sound, gesture, movement, colour, layout, and other
visual or audio elements. According to multimodal discourse analysis, communication becomes more
meaningful and contextualized when different semiotic resources work together simultaneously [4]. In
digital environments, multimodality has become especially important because most online
communication platforms combine visual, textual, and audio elements within one communicative space.

The concept of multimodality is closely connected with digital authentic materials used in foreign
language education. Digital authentic materials are resources created for real communicative purposes
in digital environments rather than for classroom instruction. These materials include YouTube videos,
podcasts, TED Talks, Instagram posts, TikTok videos, online articles, blogs, digital storytelling platforms,
and social media discourse. Unlike traditional printed materials, digital authentic resources are naturally
multimodal because they combine several communicative modes simultaneously (see table 1).

Table 1.
Multimodal components of digital authentic materials and their educational functions in foreign
language education

DAM

Multimodal components

Educational functions in foreign language education

YouTube educational
videos

Spoken discourse, subtitles, gestures,
facial expressions, background music.

Develop listening comprehension,  pronunciation,
communicative competence, interpretation of non-
verbal communication.

TED Talks Academic speech, visual presentations, | Support public speaking skills, academic vocabulary
body language, intonation, audience | acquisition, critical thinking, intercultural awareness.
interaction.

Podcasts Audio discourse, intonation, rhythm, | Improve listening skills, comprehension of authentic
pauses, emotional tone, conversational | pronunciation awareness, and interpretation of
interaction. contextual meaning.

Instagram and TikTok | Images, captions, emojis, hashtags, | Develop sociolinguistic competence, understanding of
comments, visual aesthetics, short | informal digital communication and awareness of online
video. discourse practices.

Online news articles

Written text, photographs, hyperlinks,

Develop reading comprehension, critical analysis, media

and media platforms | layout, headlines. literacy, and interpretation of authentic informational
discourse.
Digital  storytelling | Narrative  speech, — music, visual | Enhance  emotional  engagement, intercultural
platforms sequencing, emotional imagery, sound | understanding, narrative competence.
effects.
Interactive learning | Hyperlinks, graphics, audio, animations, | Encourage learner interaction, autonomous learning,
websites interactive tasks, visual navigation. digital  literacy, and active participation in

communication.

One of the most common types of digital authentic materials is YouTube videos. Meaning in such
videos is interpreted not only through words but also through visual and emotional elements that support
communication. Learners simultaneously observe pronunciation, body language, intonation, and
contextual interaction, which creates a more realistic communicative environment.

TED Talks also represent important multimodal digital authentic materials in foreign language
education. These resources combine academic speech, visual presentations, gestures, eye contact,
audience interaction, and presentation design. The speaker’s intonation, pauses, emotional expression,
and visual support help learners understand meaning more effectively. In this case, communication is
created through the interaction of verbal and non-verbal modes, which allows learners to develop both
linguistic and interpretative skills.

Podcasts are another form of digital authentic materials widely used in language learning.
Learners interpret meaning not only through vocabulary but also through pronunciation patterns, speech
tempo, and emotional expression. Therefore, podcasts support authentic listening practice and improve
learners’ ability to understand naturally occurring speech.
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Social media platforms such as Instagram and TikTok also demonstrate strong multimodal
characteristics. Instagram communication combines photographs, captions, hashtags, emoajis,
comments, colours, visual aesthetics, and short video fragments. Similarly, TikTok videos integrate
speech, subtitles, music, visual transitions, gestures, animations, and sound effects within short
communicative formats. In these environments, language functions together with visual and interactive
elements, making communication highly multimodal and contextualized.

Online newspapers, blogs, and digital articles are also multimodal resources because they combine
written text with photographs, layout design, hyperlinks, embedded videos, and graphic elements.
Meaning in online articles is often influenced by visual organization, headlines, colour schemes, and
multimedia integration. Consequently, learners interact not only with linguistic information but also with
visual structures that shape interpretation and comprehension.

Digital storytelling platforms represent another important type of multimodal digital authentic
material. These resources combine narrative speech, visual sequencing, music, emotional imagery, and
sound effects to create meaningful communicative experiences. According to Molina N. and Alonso
Belmonte |, digital narratives demonstrate how different semiotic modes interact to construct
integrated multimodal meaning that cannot be fully understood through language alone [5]. Thus,
digital storytelling supports emotional engagement and contextual understanding in language learning.

Overall, digital authentic materials reflect the realities of modern digital communication, where
meaning is created through the interaction of multiple semiotic resources. Their multimodal structure
allows learners to experience authentic communication in more realistic, interactive, and socially
meaningful contexts.

Multimodal digital authentic materials in foreign language teacher education

Multimodal digital authentic materials play an increasingly important role in foreign language
teacher education because they expose future teachers to authentic communication practices commonly
used in contemporary digital environments. Such materials combine multiple communicative modes,
including text, sound, image, gesture, and interaction, which allows learners to experience language in
more realistic and contextualized situations. The integration of multimodal digital authentic resources
into teacher education not only supports language development but also contributes to the formation of
communicative, sociolinguistic, intercultural, digital, and multimodal competences necessary for modern
foreign language teaching.

1. Development of communicative competence

Multimodal digital authentic materials significantly contribute to the development of
communicative competence in future foreign language teachers. Through authentic videos, podcasts,
interviews, and online communication platforms, learners are exposed to naturally occurring speech,
authentic pronunciation, contextual vocabulary, and real conversational strategies. Such materials
improve listening comprehension because learners hear authentic accents, speech tempo, intonation,
and spontaneous communication. At the same time, learners develop speaking skills by observing
communicative behaviour, pronunciation patterns, and contextual interaction strategies used by native
speakers. Unlike traditional exercises, multimodal environments create more realistic communicative
situations where language is understood together with visual and emotional context.

2. Development of sociolinguistic and intercultural competence

Digital authentic materials also support the formation of sociolinguistic and intercultural
competence. Through authentic digital discourse, learners encounter cultural references, online
communication norms, informal expressions, and socially appropriate language use in various contexts.
Social media discourse especially demonstrates how language changes depending on audience, social
relationships, and communicative purpose. Learners become familiar with contemporary digital culture,
intercultural interaction, and communication practices common in English-speaking online
environments. This allows future teachers to better understand authentic language use beyond textbook
communication models.

3. Development of digital and multimodal literacy

The integration of multimodal digital authentic materials into education contributes to the
development of digital literacy and multimodal literacy. Digital literacy involves the ability to search,
analyze, evaluate, and use online information critically and responsibly. Multimodal literacy refers to the
ability to interpret meaning created through text, image, sound, layout, gesture, and interaction [6]. Since
modern communication increasingly depends on multimedia and digital interaction, future foreign
language teachers must be able to critically interpret multimodal digital discourse and effectively
integrate digital resources into the educational process.
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Challenges of using multimodal digital authentic materials

Despite their pedagogical advantages, multimodal digital authentic materials also create several
challenges in foreign language education. One major difficulty is information overload because learners
often process large amounts of visual, textual, and audio information simultaneously. Authentic
materials may contain complex vocabulary, idiomatic expressions, and culturally specific references that
complicate comprehension. Fast speech and natural pronunciation patterns may also create difficulties
for learners with lower proficiency levels. Another challenge involves teacher preparation, since
educators need sufficient methodological and digital competence to select and adapt to multimodal
materials appropriately. Furthermore, digital environments may become distracting due to
entertainment-oriented content and constant online interaction. Therefore, effective integration of
multimodal digital authentic materials requires careful pedagogical planning and critical guidance from
teachers.

Another important gap concerns the lack of practical frameworks for integrating multimodal
digital authentic materials into foreign language teacher training programs. Future teachers increasingly
work in digital learning environments; however, many teacher education programs still provide limited
preparation for analyzing and using multimodal digital resources critically and effectively. Therefore,
further research is needed to investigate the pedagogical implementation of multimodal digital
authentic materials and their influence on contemporary foreign language teacher education.

Conclusion

In conclusion, digital authentic materials have become an essential component of contemporary
foreign language teacher education due to the growing role of digital communication in modern society.
Their multimodal nature allows learners to interact with authentic language through the integration of
text, image, sound, gesture, and visual design within realistic communicative contexts. Unlike traditional
educational materials, multimodal digital authentic resources provide future foreign language teachers
with opportunities to develop communicative, sociolinguistic, intercultural, digital, and multimodal
competences simultaneously.

The literature review demonstrates that platforms such as YouTube, TED Talks, podcasts, social
media, and digital storytelling environments support more contextualized and interactive language
learning experiences. At the same time, the effective integration of multimodal digital authentic
materials requires appropriate teacher preparation and critical understanding of digital communication
practices. Therefore, multimodal digital authentic materials should be considered an important
pedagogical resource in modern foreign language teacher education and direction for future research
and educational practice.
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MY3bIKAJIbIK BUIIM XXoHE oJIEYMETTIK JAMY: MY3bIKA APKbl/Ibl KOFAMZACTBIKTbIH
KAJIbINTACYb/

Xarmaesa MapcaH KymucbekosHa

«M.X [lynamu amsiHOazs! Tapas yHusepcumemi» KEAK
«My3bIKa XaHe KepKemMOiK bislim» Kageopackl, aza OKbIMyUbICbl
Tapas, KaszakcmaH

Abstract

Music is not just a collection of sounds, melodies, and rhythms. It is a powerful tool that can bring
people together, foster connections, and contribute to the development of society. In this article, we
explore how music education plays a crucial role in social development, helping to build strong and
cohesive communities.

From an early age, music education offers unique opportunities for social interaction. When
children learn to sing together, play in an ensemble, or simply listen to music in a group, they develop
important skills of cooperation. They have to negotiate, listen to each other, wait for their turn, and work
towards a common goal of creating a harmonious sound. These simple yet fundamental actions teach
empathy, respect for others, and the ability to compromise, which are the foundations of any healthy
community.

Moreover, music education promotes a sense of belonging. When people come together to make
music, whether it's a school choir, a local orchestra, or an amateur band, they become part of something
bigger than themselves. The shared interests, collaborative efforts, and joy of creating music create
strong bonds. This is especially important in today's world, where many people may feel isolated. Music
groups become a kind of «second family», where everyone finds their place and support.

Music is also a universal language that can bridge cultural and social barriers. By studying and
performing music from different cultures and eras, we broaden our horizons, learn to appreciate diversity,
and find common ground. Musical events, such as concerts or festivals, bring people from different
backgrounds together, creating an atmosphere of unity and understanding.

Finally, music education fosters self-confidence and self-expression. When individuals dare to
perform in front of others and share their creativity, they gain valuable experiences. This confidence then
extends to other areas of life, making individuals more active and engaged in their communities.

Thus, music education is not just about learning to play an instrument or sing. It is an investment
in social well-being, in shaping individuals who are capable of cooperation, empathy, and creating strong,
harmonious communities where everyone feels heard and valued.

AHHOmMauyus

My3bika mek OblbbicmapoblH, dyeHOepOiH XaHe puMakmapobiH MUbIHMbIabI emec. by
adamoaposi bipikmipyee, 6aliaHbIcCmap KaabinMmAacmaipyaa 3 aHe KORAMHbIH 0aMybiHA bIKNAJl ememiH
Kyammai Kypas. byn makanaoa 6i3 My3bikasbik 6inim 6epydiH 6epik 3oHe mbiabi3 KaybiMoacmbIKmap
KYpya Kemekmecy apkbli/ibl aaeymemmik damyoa Kanad wewlywi pesi amKapamaiHbiH KGPACMbIPAMBbI3.

Epme xacmaH 6acman My3biKasibiK 6iiM aneymemmik e3apa apekemmecyodiH epeKkuie
MYMKIHOIKMepiH YCbiHaobl. bananap bipee aH almyosbl, aHcambsiboe olHayob! Hemece xcall eaHa monma
My3bIKa MbiHOAyOb! YipeHce, 01ap MaHbI30b! bIHMbIMAKMACMbIK 0az0bl1dpbIH yipeHedi. Oaap Kesicin,
6ip — 6ipiH mbIHOan, 63 Ke3eziH Kymin, opmak, Makcam-yunecimoi OblbbIC Wibigapy YWiH XYMbIC icmeyi
Kepek. byn kapanalbiM, 6ipak ipeesni apekemmep sMnamusaa, 6ackaaapaa KypmMemneH Kapayaa HaHe
Ke3-KeJieeH cay KoeaamoacmabiKmbIH He2i3i 601N mabbLiamsiH KOMNAaa Kesyee yipemed.

CoHbIMeH Kamap, My3bIKasblK 6iniM MUuecininik ces3imiH oambimyaa biknasa emeodi. Aoamoap
MY3bIKa OUHAY2A HUHAIRAHOA — MeKmen XOpbl, Xep2isiikmi mon Hemece ayeckol mon 60JCbIH — 0/1ap
e30epiHeH YJ7ikeH HapceHiH 6ip besniei 6onadbl. Opmak, myddesnep, bipneckeH Kyuwi-yieep #aHe My3bika
Jacay KyaHbiwbl 6epik batnaHbicmap xcacatiobl. byn acipece kenmezeH adamoap e30epiH OKWay/1aHaaH
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ce3iHemiH Kasipai anemoe eme MaHbI30bl. My3bIKasibiK MoNmap apKim 63 OpHbl MeH Ko10aybiH mabamasiH
«eKiHwWi omback!» mypiHe aliHaaaosI.

My3biKa COHbIMEH Kamap MadeHU XaHe a/ieymemmik Kedepeinepdi eHe anamsiH ambeban misn
60/1bIn Mabb1adbl. Op MypJi XabIKMap MeH 0ayipnepoiH My3bIKACkbIH OKbIN, OpbIHOAal omabipsbin, 6i3 63
Kekxueaimizoi  keHeldmemis, apmypainikmi 6asanayobl MoHe opmak misi mabyobl ylpeHemis.
KoHuepmmep Hemece gecmusanb0ap Cusikmbl My3bIKA/bIK [C-Lapaaap ap mypsi opmacaH WbIKKaH
adamoaposi bipikmipin, 6ip/ik neH e3apa myciHicmik ammocgepachiH xacalosbi.

CoHbIHOA, My3bIKa/bIK bisliM 63iHe 0e2eH CeHiMOIiNiK NeH 63iH-63i kepcemyodi dambimaosl. Adam
backanapobiH andbiHOa celsieyee, 63 WhlRapMaulblibiebiMeH 6esicyee 6amabi/ibl ¥emkeHoe, 01 KYHObI
maxcipube x3uHatobl. Co0aH KeliH 6y ceHiMOiniK emipdiH backa cananapbiHa aybicaobl, by adamosbi
besiceHOi emedi #aHe 63 KaybIMOAacmblabIHbIH 6MIpiHe KambICaobl.

Ocbinadwa, My3bikasbik 6iniMm mek achanma olHayobl Hemece aH almyosl yipeHy mypasibl emec.
byn  aneymemmik  an-aykamka, — bIHMbIMAKMACMbIKKA, 3Mnamusaa  Kabinzemmi  adamoaposbi
KasbINMAacmbIpyaa 3aHe apKiM 63iH mbiHOan, KYHObI ce3iHemiH Kywmi, yinecimoi KaybiMoacmeiKmap
KVpYyaa UHBECMUUUS.

Keywords: Music Education, Social Development, Community Formation, music education, social
integration, collective identity, joint creativity, cultural interaction, social unity, art and society.

Kinm ce30ep: my3bikasbik 6is1im, aneymemmik 0amy, KaybiMOacmblK KAb6INMACMbIPY, MYy3bIKA/IbIK
mapbue, aneymemmik UHMeapauus, YxbIMObIK bipe2elik, bipieckeH Wbi2dpMauibiibikK, MaOeHU 63dpa
iC-KUMBbI/I, aneymemmik GipJliK, 6Hep ¥aHe KO2am.

My3bIKa — Ma0eHU, ¥ACmMbIK XaHe aneymemmik Kedepeinepodi eHcepe anamabsiH ambeban mis. OHbIH
adamea acepi HaH-*akmbl: iWKi OyHUeciH 6albimbin, 3CMemuKkasbik Kabbiiday mMeH maHbIMObIK
KabinemmepiH O0ambimbin KaHa kKolUmad, COHbIMeH Kamdp MY/IRAHbIH Ka/JbiNMacybiHOa, Ko2amed
KipieyiHde 6acmbl pesn amkapaodsl. binim 6epy xazdalbiHOa My3bIKaAsbIK GiiM HOMA Xasybl MeH
OpbIHOAYWbI/IbIK 0a20bIIapObl MeHeepy WeHbepiHeH Whkidbin, aeyMemmiK Ky3ipemminikmi 0ambimyobiH
JHaHe Koamoa bepik 6aliaHbIC opHamyOoblH Kyamma! KYpasibiHa alHanaosl. by makanada my3siKasibik
6inim meH Ko2amobiK 0amyobiH 6alIaHbICbl KAPACMbIPbIIbIN, MY3bIKA APKbl/bl KAYbIMOACMbIKMbIH
KasbINMacy memikmepiH awamaiH 3epmmey/iepee MoKMasibin, 0Cbl €a/1a0aabl ablibIMU YAHAWbIIObIK
alikbIHOa1aosb!.

3epmmeydiH makcamel: My3bikaibiK 6iniM MeH MeKe Mmys2aHblH aneymemmik O0amybIHbIH
6alnaHbICbIH  3épmmey,  COHbIMEeH  Kamdp  My3bIKA/blK — [C-opekem  apKblibl — Mypakmel
KaybIMOACMbIKMAapob! KasbiNMACMbIPY MexaHu3mMoepiH aHbIKmay.

MiHoemmepi:

- My3biKaHbIH A0aMHbIH a/1eyMemmiK 0amybiHa bIKNA/IbIHbIH MeoPUS/IbIK He2i30epiH, OHbIH iliHOe
KapbIM-KAMbIHAC, bIHMbIMAKMACMbIK, SMNAMUS #(aHe MONMbIK CAUKeCmIiK acnekminepiH masaoay;

- My3biKasnbik 6iniMHIH apmypi popmanapbiHbiH (eke cabakmap, aHcambriboe oldHay, xopda aH
admy, opkecmpJiiKk OpbIHOAy, My3bIKA/bIK CMyoussiap meH ylipmenep) aneymemmik 0a20blaapobl
0ambimyadazbl pesiiH 3epmmey;

- My3bikanbik 6iniMm Mekemenepi MeH Xobanapbl Hezi3iHoe Ko2amoacmbIKmbiH MabbiCmbi
KasbINMAacybiHbIH HAKMbI MbICAA0apbl MeH #a20alaapbiH aHbIKMaAy,

- My3biKasibiK 6i1iM apKblibl KAybIMOACMbIKMBbIH KAJLINMACYbIHA bIKNAJT eMemiH XoHe Kedepei
KesimipemiH ¢pakmopsiapobl AHbIKMAy;

- Koaamoblk b6altnaHbicmapobl HblRadmy YWwiH My3biKaasiK 6inim 6epydi muimoi nadoanay
bolbiHWa Myzanimoepee, OKY OpbIHOAPbIHbIH 6ACWbIIAPbIHA MYAHEe MY3bIKA/bIK  *#06a1apobi
YUbIMOACMbIPYWbIIAPaa YCbIHbICMAp a3ipiey.

Kasipei anemoe, xeke my/1aasbikmbiH dpmybIMEH XaHe Kelde besekmeHyMeH cunammasndamaiH,
bepik aneymemmik 6alnaHbICMAapobl *#acay xaHe MUeCiniik Ce3imiH Kaabinmacmaipy Kaxemminiei
epekuwe 6o/s1bin mabeiiadsl. My3sbikansik 6inim, adamoaposi bipikmipydiH bipezel aneyemiHe ue 60/bIn,
OCbl MacesieHi weulyoiH MuimMoi ¥0/10apbiH YCbIHAObI.

My3biKasnbiK 6isiMm K02amMObIK 0amMyObiH KAMaau3amopbl pemiHoe:

My3bikasibiK 6i1iM: mek Homasaap 2aHa emec, NPo2Pecc KO32aIMKbIUIbI.

Adamoap KebiHece My3biKaHbl #aabiMObl, KOHII-KyUoi KemepemiH Hemece mbIHbIWMAaHObIPAMbIH
Hapce pemiHOe Kabbinoaliobl. bipak 6ys1 CbipMKbI XeHin0ikmiH dpmbiHOa KORAMHbIH 0amybiHd mepeH
acep eme asambiH Kyammal a/ieyem xambip. byn aneyemmi awyoa my3biKaabik 6i1iM MaHbI30b! pes
amkapaosi.
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My3bikanbik 6inim - acnanma olHayobl Hemece aH atmyob! YapeHy aaHa emec. 9p mypJii 0eHzelioe
dusudeHomep menelimiH 601awWaxKka caabiHaaH UHBECMUUUS:

| - Tys12aHbIH 0amybi:

Topmin xcHe 63iH-63i bakpinay: Typakmsel cabakmap, Kypoesi WkizapmMandapobl YapeHy
mabaHobIIbIKMbI, WbIOAMObIIBIKMbI XaHe makcam Kosa 6i1yoi manan emeodi. /[agobiiap okKyed,
HCYMbICKA HCoHe KyHOeslikmi emipae aybicaosbl;

LLIbi2apMawibisbIK XaHe Kusii: My3bika - 3Moyusiiap meH udesnapobiH misi. O caHadaH mabic
olisiayaa, 3aHa wewimoep mabyaa, WbleapMalibl/ibIK ApKbiibl 63iH Kepcemyee ylpemeoi;

3mMnamusi MeH 3MOYUOHAN0bI UHMeJIIEKM: SpmYypJii My3bIKaHbI OPbIHOAY XoHe MbIHOAy ApKbi/ibl
OKYWbl1ap e30epiHiH 0e, 6backanapobiH 0a KenmezeH SMOUUSIAPbIH MAHYad HaHe Kyuwmi SMOUUOHA0bI
mawdyea acepee ue. IMOUUOHAIObIK UHMEsI/IeKM NeH 3Mnamus KabinemiH dambimyaa Kemekmeceo.
«My3bika 6ananapobiH ce3imiHe mikenel acep eme ombipbin, 0apObliH A0AMepuliyiiKk KacuemmepiH
Kaszabinmacmeipaosl. bananapobl apmypsi  3MOUUOHANObI-beliHeni MasmyHOaabl WibieapMaidpmMeH
MAaxbICMbIPA OMbIPbIN, 0/1APObI SMNAMUSARA WAKbIPAdk!» [1].

LLloabipnaHy 3caHe ecme cakmay: My3bika adamaa Kywmi acep emedi. «OJ1 WOoabIp/aHy MeH ecme
cakmay KabinemiH apmmabipadsl, MANCbipMaHbiH Me3iMOisli2iH ApMmMbIpaobl, KeHin-KyUoi xeHindemedi,
anaHoayWbl/ibiK NeH 0enpeccusHbl azatimaosl, wapwayob! 60/10bipMaliosl, ayblpCbiHYRA peakuusHbI30b!
JHAKCapmaoskl ¥caHe MUiMOIpeK 3yMbIC icmeyze Kemekmecedi» [2].

Il - 9neymemmik damy:

TonmbIK HYMbIC HaHe bIHMbIMaKkmacmelk: Opkecmpriep, Xxopaap, aHcambiboep — adamoapobiH
bipnecin xcymbic icmeyodi, 6ip-6ipiH mbiHOAyObl, OpMAK MAkKcamka xemyoi YUpeHyiHiH XapKbiH
MbIcanoapsl. by azamammesiK YCMAaxHbIMObI KAbINMACMbIpY YWiH 6a2a 3emnec maxcipube;

OpMYypJiNiKKe Kypmem neH me3imMoiikmi dambimy: Opmypsi madeHuemmepoiH MY3biKa/ibIK
dacmypriepi 0Ky XaHe mycCiHy ywiH 6ald mamepuasobl YCbiHAObl. Typsi My3biKa/ibiK CMusiboep mMeH
0pbIHOAYWbIIAPRA aCep emy MOoJepaHMMbl/bIKMbl 0aMbIMyaa, MadeHu apmypaiikmi Kypmemmey2e
JAHe mepic Nikipoi 3ceHyee Kemekmeceoi. My3bIKa/ibiKk monmapoa ap mypJii Y acmaebl, MiHe30ez2i 3aoHe
Ke3kapacmaabi adamoap opmak, ic ywiH bipieedi. dpKiMHIH yaeciH bazanayea xceHe opmak, min mabyea
yapemeoi;

KapbiM - KambiHac 0agobinapsbl: My3biKaHbl xopdd, opkecmpoe Hemece aHcambiboe bipee olHay
KambicywblaapoaH besnceHdi mbiHOayobl, Kesaicce3dep xcypaizydi, pendepoi 6e/yoi xaHe mon 60/bin
MCYMbIC icmeydi manan emeodi. by 0agobiiap My3bIKA/IbIK KOHMEKCMeH mbiC adamoadp dpacbiHOAab!
KapbIM-KambIHACKa mikesnel aybicadb;

Il - Maoeru batibimy:

Ma0eHu mypaHb! myciHy: My3bikasbik 6i1iM KIACCUKA/IbIK #(AHE Xa/IbIKMbIK My3bIKA a/1eMiHe ecik
awaosl, apmypai XasabiKkmapobiH Mapuxbl mMeH 0aCmyprepiMeH MAaHbICMbIpadbl. ©3 MadeHuemiH
mepeHipek myciHydi ¥caHe backanapaa Kypmem Kepcemyodi Kasbinmacmaipaob,

JCcmemuKkaiblK manazamobl  KaJabinMAcmsipy: «My3bIKAHMMbIKMbIH — diedWKebl  beneici  —
MY3bIKA/IbIK WbI2APMAHbIH MIiHe3iH, KOHis-KyUiH Cce3iHy, ecmieeHOepiHe MAHAWbIP/IbIK MaHbImy,
SMOUYUOHANObI KAMbIHAC MAHbIMY, MY3bIKA/biK 06paz0bi MycCiHy. My3bika moszaHObIpadkl, peakyus
MmyObIpaosbl, emipJiik KybblLibIcmapmeH mAaHbICMbIpaobl, dccoyuauyusiapobi myobipaos» [4].

My3bikasbiK 6iniM KoamobiK damyObiH KAMaau3amopbiHa Kasaad adHanaosi?

«Kamanuzamop» mypasbl almkKaHod, Npouecmi *bi10amoamamsiH 3oHe KywelmemiH HopCeHi
atimaoskl. My3bikasbik 6i1im a1 ockblinad xacatosbl:

besnceHOi xcaHe xcayanms! azamammapobl mapbuenelidi: My3bikasbik, 0albiHObIKMAH 6mKeH
adamoap KebiHece xcayankepwiisiik cesiMiH 0ambimaobl, KomaHoaoa McyMbIC icmel anaobl XoHe
Kemesdikke YMmbiaaobl. Kacuemmep Kywmi #aHe 2y0eH2eH KOam Kypy YWiH Kaxcem,

YlinecimMOi KOBaMHbIH Ka/binMAcyblHA bIKNAN emeodi: My3bika adamoapobi  6ipikmipeoi,
wekapanapobl 6y0blpamaosbl #oHe ©e3dpa MYCIHICMIKKe biknasa emeodi. My3bika MeH 6eHep
bazanaHamsIH KO2am aulbiK, MoiepaHmmabl 3oHe MadeHu bal 60/1aobi;

VIHHOBaAUUSA MeH WbI2apMauibliibiKmbl bIHMAAAHObLIPAOk!: LLIbizapmauibiibik olnaydsi 0amMmbima
OMbIPbIN, MY3bIKabIK 6iiM a0amoapobl 2biibiM, MexHoI02uss Hemece bu3HeC OO0JICbIH, Ke3-KeseeH
KbI3Mem casaackiHoa Kypoesi macenenepdi weuwlyze datibiHoadlosb!.

My3biKasibiK 6i1iM — HOMA a3y MeH 0pbIHOAyWbI/IbIK MEeXHUKAChIH MeHeepy aaHa emec, 0J1 mypi
0az0b1/1apObl KAMMUMbIH Kypoesli Npouecc:

blHmbIMakmacmeik, XaHe 63apa Kemek 0ae0blL1apbiH KAlbINMACMbIpy: «blHMbIMAKMAacmsix, -
bipsiecin 3cymbic icmen, 0pmax MaKkCcamka xemy YuliH 63apa apekemmecy. TonmbiK #YMbIC 6apbICbiHOa
bIHMbIMAKMACMbIK, 0az0bl/1apbl KA/IbINMACaobl, 6UMKeHi ap OKYWbIHbIH NIKIpi MeH uoescbl MonmabiK



XX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 19-20.05.2026

wewimee acep emedi» [5]. My3bikasibik monma apKIMHIH 3cemicmiei pKiMHIH yaeciHe 6atiaHbICmebI.
Okywibinap 6ip-6ipiH Ko0ayaa, KubiHObIKMApObl }eHyee KeMeKmecy2e 3oHe opmak }emicmikmepee
KyaHyaa ydpeHeoi;

oJleyMemmiK UHmMezpauyus: My3biKaibiK iC-wapaadp, acipece monmaiK ic-Luapanap, apmypii
aneymemmik mapmebesiepi, MoOeHU POHbI XaHe Xac monmaps! bap adamoapobiH UHMEe2pauuUsCbIHa
bIknasn emeadi. bipeckeH WblRapMaulbl/ibiK HaHe Opmak, My3bIKasablk MAKCAMmMapaa #emy WeKapaHsb!
6Y/10bIpamaokl ¥aHe 63apa MyciHiCmikKe biknasa emeoi;

AmMnamus, mosiepaHMmMblIbIKMbI YAHE Me3iMOUTIKMI Kasbinmacmaipy: My3bika/ibiK eHep 6acka
adamoapobiH SMOUUAIAPbI MEH Ce3iMOepiH mepeH MyCiHy2e MyMKiHOIK 6epedi, sMnamusiHbl 0ambImaos!.
Typsii MaOeHuemmep MeH Cmub0epoiH WhIRApMAanapbiH bipiece opbiHOAy apmypJiisiiKke mesimoi
KambIHACMb! KA6INMACMbIPYaa biknal emeoi;

KommyHUKamusmik 0ae0buiapobl 0ambimy: «KoMMyHUKamusmik 0azobiiap — a0amMHbIH 63 OUbIH
MYyCiHIKMi api muimoi ¥cemkize 6iny Kabinemi. Koaamoa OypbIC KAPbIM-KAMbIHAC *Acan, 63 NiKip/iepiH
6in10ipy, min mabbicy KabinemiH xeminodipyoiH MaHbI30b! besiel. KoMmyHUKamuBmik 0az0blidpbiHbIH
0amybl OHbIH a/1eYyMemmiK, IMOUUOHAObIK HaHe KO2HUMUBMIK Mypabi0aH OYpbIC KabINMACybIHA Heai3
6os1aobi» [6]. AHcambibOe oliHay, xopoa aH alimy XaHe 6acka 0a Y#bIMObIK MYy3bIKAJIbIK dpeKkemmep
KambicywbiaapoaH benceHdi mbiHOayobl, Kesicimee Kenyodi, Komnpomuccke 6apyobi ycoHe 6ip-bipimeH
muimoi apekemmecyoi manan emeoi;

TonmbIK cadkecmikmi Hblgalmy: My3bIKabiK YHbIMEA KambICy MONKA MUECI/K Cce3imMiH
KasabinmMacmasipaobl, aanbl KyHObIIbIKMAP MeH MAakcammapobl KasabinMAacmasipaobl, Monmasik
calikecmikmi HbI2almyaa 3taHe KambICYUlbl1apObiH 63iH-63i 6azaaaybiH apmmbipyaad biknaa emeoi;

lNcuxonoeusinibiK an-aykam: My3biKa/ibiK apekem NCUX0-SMOUUS/IbIK Xdcazdaltiea oH acep emedi,
cmpecc xoaHe yalbiM 0eHeeliiH memeHoemedi, by 63 Kese2iHoe aneymemmik apekemmecmikmiH
yinecimoiniziH apmmabipaosi.

Ocbinadiwa, My3bIKaabiK OiIIMHIH - KAybIMOACMbIKMbI  KAJLINMACMbIPY  KYpad/sibl  pemiHoe
@3eKkmisieiH 3epmmey OHbIH adamodpoObiH 6Mip CAandcbliH XAKCApmyod XoHe e3eKmi asieymemmik
macenenepdi wewyodeei aimapsibikmad aneyemimeH Hezi30esizeH.

3epmmeynep:

My3bIKaHbIH KO2HUMUBMIK, 3MOUUOHAIObI HaHe aneyMemmik 0amybIHa acepi mypasibi KenmezeH
3epmmeysiep 6ap. KenmezeH #YMbICMap mMy3bIKaibiK OiiMHIH Kesecize 0H acepiH pacmadtiosb!:

Koenumusmik ¢yHkyusnap: Ecke cakmay kabinemiH, Hazap ayoapyobl, KeHiCmikmik ouliay yaHe
J102UKAHb! 0ambimy (MbICAsIbl, My3bIKa HEUpobUOI02UACkI CanaCbIHOAbI 3epmmeysiep);

IMOoYUSANbIK UHMesIeKm: SMouusaapob mady, myciHy xaHe backapy kabinemi;

3epmmeysiep: 3MNUPUKAJIbIK 08PeKmep MH(aHe MeOopUs/ibIK Maciyioep: «3IMNUPUKA/IbIK 3epmmey
mikenel obbekmize bazbimmasnaaH xcoHe bakkiiay meH maxcipube oepekmepiHe cyleHeoi. Teopusibik
3epmmey abl/IbIMHbIH MYCIHIK annapamaiH XemindipymeH xcaHe oambimymeH 6aliaHbICMbl HaHe
obbekmusmi akukammaiH HaKkmb! 6alaaHbICMapbl MeH 3aHObIIbIKMAPbl MYPabICbIHAH A/IRAHOA OHbI
JKAH-¥AaKmMbl  maxein  binyee 6azbimmasngaH» [8]. My3bikanbik 6iim xaHe aneymemmik oamy
canacbiHoaabl Kasipei 3amaHebl 3epmmeysaep apmypsi adicmemenepoi KosodaHaobl, 6akbiaay MeH
cyxbamka Heziz0eneeH canasbik 3epmmeysiepoeH bacman cmamucmuKkasbiK 0epekmepoi maadatmabiH
caHobIK 3epmmeysiepee 0ediH;

Opmak My3bIKasbiK Wbl2apMallblibIKKa acepoi 3epmmey: Kenme2eH #YMbICmap opkecmpiepoe,
xopnap MmeH aHcambsibOepde KambiCyObiH OKYWbIIapObIH a1eymemmikK 0dz0biidpbIHA OH aCepiH
Kepcemedi. Mbicanbl, 3epmmeynep benceHoi mypoe  My3bIKAJblK —MONMApaa  KAmbICAmMbIH
OKYWbI1apObIH aeyMemmiK Ky3bipemmisiiei ¥Oapbl eKeHiH, 0ay/IapMeH XaKCbl KypecemiHiH 3caHe
KypoacmapbiHa oH Ke3kapacma 601ambiHbIH Kepcemeoi;

My3bika pesiH MadeHuapasibiK ouaaoema 3epmmeynep: 9p mypsi madeHuemmepoiH eKindepiHeH
KVYPanaaH My3bIKabIK YxbIMOAapob! Kypyaa baabimmasaaH x¥obanap mMy3bika Kaaal e3apa myciHicmikke
XHaHe cmepeomunmepoi yeHyze Kenip 6osa anamsiHbiH Kepcemeoi. MyHoad xcobanap Ken xazdadoa
mypakmasl 00CMbIK 6adiaHbICMapob! KAbINMACMbIPYaad 3 aHe Ma0eHUadpasblk oudioems! Hei2aldmyaa
aKeneoi;

ApHalbl Kaxemminikmepi 6ap 6asnanapaa my3bikaibiK 6ifliMHIH acepiH 3epmmey: My3bIKasbiK
mepanus meH beliimoesnzeH My3biKasbik 6inim 6anaHbIH aneymemmik 0a20biL1apbiH 0amMbimyod, dymusm,
HA3apbIHbIH KAJIMKbICbI30blabl MeH 2unepakmuBmisik CUHOPOMbI XaHe backa 0a damy epekuiesiikmepi
bap 6ananapoa eneysi ¥emicmikmep Kkepcemedi. My3bika 0/1apaa SMoUUSIAPbIH HAKCbIpak, bindipyee,
KopuwiagaH opmameH 6aliiaHbIC OPHAMYad #caHe 63iH-63i pemmey 0a20blapbiH 0aMbimyaad Kemekmeceoi;
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Teopusiniblk  ModesnibOep: My3bika apKblibl  KaybIMOACMbIK — KAJbINMACy — MexaHu3moepiH
myciHOipemiH meopusisibiKk Mooesiboep azipieHyde. Mbicasbl, aneymemmikK OKbIMyObiH MeopusiCbIHA
Heei30esieeH Mo0esib0ep My3bIKAsbIK KOHMeKCme ajleyMemmikK HopManap meH 0az0blaapobl MeHeepyoeai
bakbiay meH yni2i mymyobiH pesiiH aman Kepcemeoi. backa modesb0ep monmabiK OUHAMUKA MeH
VHCBIMOBIILIK, Gipe2elilikmiH muecinifik ce3imiH Kaibinmacmaipyoadab! pesiH kepcemeoi.

fbUIbIMU HCAHANBIK: KeHem &ablibiMu 3epmmeysiep2e Kapamacmad, My3biKasbiK OiliM XHcoHe
asleyMemmik 0ambimyOoblH CAACbIHOAabI 8bIILIMU XAHAJbIK Keseci basbimmapoa auwibiiyoa:

Helipobuonoeusinbik Hezi30epdi mepeH 3epmmey: Kasipei 3amaHabl 3epmmeysiep My3bIKaHbIH
KemezimeH aneymemmik 6aliaHbICmapobiH KaabiNMAcCyblHbIH - HeUdpobuoIo2us/IbIK MexaHu3MoepiH
3epmmeli 6acmaosl. «...3epmmeyee KambICyUlbIHbIH SMOUUSICbIH AHbIKMAn, COJ1 SMOUUS/IbIK M#azoaloa
0J1 KaHWasbikmbl besnceHoi 60/12aHbIH AHbIKMAy2a MyMKiHOIK 6epemiH mexHoioeusa» [7] bipnecin My3bika
opbIHOAy Ke3iHoe2i mu 6esiceHOinieiH, K032aibicmap mMeH O0blbbicmapobl CUHXPOHOAYObIH OKCUMOUUH
(OHAKbIHObIK 20PMOHbI) M(oHe backa Helpomeduamopsiapobl eHOIpyee acepiH 3epmmey aseyMemmiK
©3apa apekemmecmikmi muimMoipeKk emy YUliH My3bIKaHbIH MUObI «Kalma Kypy» »#0s10apbiH myciHyae
HAHA KOKXUeKmep awaoskl. FbibIMU MAHAbIK 6aKbiiayea aabiHambiH a/eymemmik acepnepoi
cunammayoaH 071apOobiH GU3UOI02US/IbIK MAMbIP/IAPbIH MYCiHOipyee Kewy 60s1bin mabbliaob;

osieyMemmiK 0amyea apHasizaH My3biKasblk, 6iliM b6epyee y3cekeeHdipineeH macindepoi azipney:
dacmypsii macindep kebiHece xcasnanbl monmadpaa b6azbimmasgaH. XaHanblkK OKYWbIIapObiH Xeke
epeKwiesnikmepiH, aneymemmik KaXxemmiliKmepiH 3 aHe oKy CMmu/b0epiH eckepemiH adicmemenepoi
azipney xoHe cbiHay 6osbin  mabbiiadsl. byeaH 6edimoenzeH OKbIMyObl icKe acklpy YUliH
mexHosi02usaapob! nadoanaHy, HaKkmsl aaeymemmik 0az0biidpobi 0ambimyaa 6azbIMManaaq xeke
MY3bIKA/IbIK MPAeKMOPUS/IAPObl XAcay XcaHe 0napobiH MUIMOINieiH X eKeneHoipineeH oepekmep
Hezi3iHOe bazasnay Kipeoi;

My3bIKanbIK  KaybiMOAcmbIKMapobl Ka/JbiNMAcmeipy0d CAHObIK MEXHOJI02US/IapObIH PesliH
3epmmey: CaHObIK 0ayipoe My3bIKasbIK KaybIMOACMbIKMApP U3UKA/bIK KeHICMIK We2iHeH Wbiaaosbi.
FBIIBIMU YAHA/bIRbI OHAAUH-NIamMoopmanapobiH, Bupmyanobl aHcambib0epoiH, uudp/biKk opmaoaas!
bipneckeH My3bIKasbIK WbIRAPMAULbLIbIKMbIH HaHe My3biKameH 6al/iaHbICMbI a/1€YMemmiK Jcesinepoid
KaybIMOAcmeIK, Ce3iMiH KaibINMmacmeipyad, a/ieymemmik 0az0bliapobi 0aMbIMy_aa HoHe 2e02papusi/ibik
wekmeynepoi eHcepyee Kkanal acep ememiHiH 3epmmeyode. ApHalbl Kbi3blaYWblIbIK BUPMYA/ObI
MY3bIKA/IbIK KaybIMOACMbIKMapoadabl CeHiMm meH K0/10ay0blH Kaabinmacy mexaHusmoepiH manodalmeiH
3epmmeysiepde Kepcemiseoi.

My3bIKanbiK GiNIMHIH a/1eymemmiK UHMe2pauusea XoHe d3amMammblK 6esceHOiNiKKe Y3akK
Mep3imMOi acepiH 3epmmey: KenmezeH 3epmmeysep KbiCka mep3imoi acepriepee KeHin benedi. Fbiibimu
AHAWbIIObIK - 6Y1 MYy3bIKA/IbIK OilIMHIH 6ananap MeH 3acecnipim KesiHoe asibiHybl epecek emipoe
anleyMemmiK  UHMezpayusiaa, Ko2amobiK emipee KambICy KabinemiHe, da3amammsbiK —YCMAHbIM
KasbINMAacmaipyaa xaHe emip 60lbl mypakmsl aieymemmiK xcesinep Kypyaa Kaaal acep ememiHiH
KadazanalmaiH Y3aK Mep3iMoi 3epmmaeysiep xcypai3yiHoe;

o/sleyMemmiK 0amyaa dpHANRAH My3biKa 6iniMiH 6aganayobiH KewleHOi ModesiboepiH a3ipney:
KondaHbicmaeab! bazanay adicmemernepi KebiHe My3bIKasbIK ¥emicmikmepae 6aabimmanzaH. XaHasibiabl
MY3bIKA/IbIK, COHOAU-aK aseymemmiK, IMOUUOHA/IObI HAHEe KO2HUMUBMIK Homuxcenepdi obbekmusmi
e/eyee  MyMKIHOIK — bepemiH KeweHOi Kypanoapobl xacay xoeHe saaudayusnayoad. byn
CMAaHoOapmmasaaH cayajHamandpobl, MiHe3-Ky/ibIKmbIK mecminepoi 3coHe b6akbiaayaapobl a3ipaeyoi
Kammuobl, onap My3bika 6iniMiHiH aneymemmik 0amybiHOAzbl yJeciH CaHObIK mypabioa bazanayaa
MYMKIiHOIK 6epedi;

Ocbinadiwa, my3bikaHbl 00aH api yunecimoi xaHe Mypakmabl KaybiMOaCmbIKMapobl KYpy YWiH
Kyammal Kypasa pemiHoe nadoanaHy yWiH *aHa macinoepoi YCbiHa OmbIpbIn, My3bIKaabIK 6iim 6epy
JaHe aneymemmik 0amy canacbiHOaabl 3epmmeynep 6i30iH MyCiHi2iMi30iH wekmepiH KeHelmyoi
JHA2ACMbIPYOd. FbIbIMU - MAHAJLIK  MexaHu3moepdi mepeH MmycCiHyoe, M eKeneHoipiieeH M coHe
MexHO/I02USI/IbIK MYpabiOaH xcemindipineeH adicmemesnepoi xcacayod, CoHOau-aK My3bIKasbIK OiliMHIH
a/leyMemmiK UHMe2pauusad *oHe azamammaik 6es1ceHOiiKKe acepiH y3ak mep3imoi 6azanayoa xamsip.
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Abstract

The thesis examines the role of interactivity of online platforms in the process of learning English
by students of higher education institutions. The main advantages of using digital resources in the
educational process are identified, in particular, increasing motivation, activating cognitive activity and
developing students' communication skills.

The possibilities of modern online platforms for creating an interactive educational environment
that promotes individualization of learning and involvement of students in active speech practice are
analyzed. It is emphasized that the use of interactive tasks, multimedia materials, gamification and
instant feedback has a positive effect on the formation of a sustainable interest in learning English.

AHomauis

Y me3sax po32nisHymo poJib iHmepakmuBHOCMI OHIAUH-N1am@opm y npoueci BUBYEHHS AHeitdCbKOI
MOBU cmydeHmamu 3ak/aaodis BUWOI 0CBIMU. BU3Ha4YeHo 0CHOBHI nepesazu BUKOPUCMAHHS 4udpoBUX
pecypcis Yy HABYa/JbHOMY NPOUEC], 30Kpema nNi0BUWEHHS Momusauii, akmusizauii ni3HasasbHoI
0i/IbHOCMI Ma pPo3BUMKY KOMYHIKAMUBHUX HABUYOK cmyodeHmis. [lpoaHani3oB8aHo MOMCIUBOCMI
CYYACHUX OHAAUH-NAAM@OPM 0/11 CMBOPEHHS IHMEPAKMUBHO20 OCBIMHL020 CepedoBuld, WO CNPUSIE
iHOuBIdyanizauli HaB4yaHHa ma 3aay4eHHro CmyoeHmis 00 aKMUBHOI MOBIEHHEBOI NPAKMUKU.
HazonoweHo, wo BUKOPUCMAHHS IHMEPAaKmMUBHUX 3aB0AHb, My/IbMumMedildHUX Mmamepiais, 2edmigikauyii
ma MummeEBO20 3BOPOMHO20 3B8°A3KY NO3UMUBHO BNJIUBAE HA GOPMYBAHHA CMIUKo20 [HMepecy 0o
BUBYEHHST AH21IUCHKOI MOBU.
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Knro4oBi cnosa: oHnalH-n1amaeopmu, IHMepaKkmuBHICMb, MOMUBAuIS, aHeilcbka MOoBa,
cmyodeHmu, 3aK/1a0u BUWOI 0CBIMU, UUudpoBi mexHoo02il.

Mocmaroska npobnemu. CyyacHul ocsimHil  NPOCMIp  XapakmMepu3yeEMbCS — AKMUBHUM
BNPOBAOHEHHSIM LUPPOBUX MexHOM02il Yy Has4ansHUl npouec. OcobuBo akmyasbHUM ue € y cepi
BUK/IA0AHHS IHO3@MHUX MOB, 0e BaX31UuBYy poJib Bidieparome iHMeEPAaKkmMuBHi Memoou Has4yaHHs. OOHIEH 3
20/10BHUX NpobsieM Yy npouyeci BuBYeHHS aH2ilcbKoi mosu cmydeHmamu 3BO  3a/1UWIaeEMbCS
HedocmamHil piseHb MOMUBAUII, U0 He2amuBHO BNJIUBAE HA SIKICMb 3ACBOEHHSI 3HAHb MA PO3BUMOK
MOBJIEHHEBUX KOMNemeHmHocmed. Y 383Ky 3 UUM BUHUKAE nompeba y BUKOPUCMAHHI CY4aCHUX OH/IAUH-
nnameopm, SKi 3a6e3neyyroms  IHMEepaKmMuUBHICMb  HABYA/IbHO20 NPOUEecy ma CMUMYJIOMb
Ni3HABA/IbHY AKMUBHICMb CMYyO0eHmIs.

AHaniz ocmarHix 0ocnioxeHb i nybaikayid. [pobsema BUKOPUCMAHHA UUGPoBUX MexHo02il Y
HABYAHHI [HO3EeMHUX MOB AKMUBHO OOC/IOMCYEMBCS BIMYU3HIHUMU MaA 3dpyOIHCHUMU HAYKOBUSMU. Y
npausix O0OC/IOHUKIB 6Y/10  pOo32/IAHYMO NUMAHHS  IHMEepaKkmuBHO20 HABYAHHS, 2elmigikauli,
ouCmaHuftHoi ocBimuU ma BUKOPUCMAHHSA  MYJIbMUMEOIUHUX pecypciB Y  (POPMYBAHHI  MOBHOI
KomMnemeHmHoCcmi cmyoeHmis. 3Ha4Ha ysaza NpUoiISEMbCS BNJIUBY OH/IAUH-NIAM®OPM HA MOMUBAUIHO
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3006yB8ayiB 0cBiMU, pO3BUMOK ABMOHOMHO20 HABYAHHA MA NiOBUWEHHS epeKkmuBHOCMI 3aCBOEHHS
IHWOMOBHO20 Mamepiany.

Memorto me3 € BU3HAYeHHSI poJii IHMepPakmuBHOCMI OHAAlH-NAAM@OPM y NidBULLEHH] MOMUuBaul
cmyoeHmiB 00 BUBYEHHS aH2/1iICbKOI MOBU Yy 3aK/1adax BUULOI 0CBIMU.

Buk1ad 0cHOBHO20 Mamepiany. IHmepakmusHi oHIAlH-NIAM@GOPMU € BAXIUBUM [HCMPYMEHMOM
CY4acHoi MOBHOI 0CBIMU, OCKI/IbKU 3abe3neqyroms aKmuBHY 83AEMOOIH0 MiX BUKIAOa4Yem i cmyoeHmamu,
a MAakox« CMBOPHOMb YMOBU 019 CAMOCMIUH020 Ma eHy4YKo20 Has4yaHHs. Ceped Halbibw NoNYaSpHUX
naamaopm 0715 BUBYEHHS aH2/TilICbKOI MOBU MOXHa Buokpemumu Moodle, Google Classroom, Quizlet,
Kahoot!, Duolingo ma iHwi yugposi pecypcu.

BukopucmaHHs IHMepakmuBHUX e/1eMeHmiB, MAakux SK OHAAUH-MeCcmu, BiKMOPUHU, i2p0BI
3aB80aHHs, ayodio- ma sideomamepiasu, CNPUSE NIOBULLEHHIO 3aUiKaBAeHOCMI CMYyOeHmMIB Yy HaB4aabHOMY
npoueci. 3aB0SKU MUMMEBOMY 3BOPOMHOMY 3B8°A3KY CMYOGHMU MOMYMb ONEPAMUBHO OUiHBAMU
B/IACHI pe3yAbmamu ma Kopuz2ysamu NOMUJIKU, WO NO3UMUBHO BNJIUBAE HA IXHIO HABYA/IbHY MOMUBAUIO.

Baxiusum acnekmom € makox< eelmigikauis HABYaHHS, KA nepedbaqyae BUKOPUCMAHHS
efleMeHmiB epu Yy HAB4YasbHOMY NPoueci. HapaxysaHHs 6anis, cucmema 0ocsizHeHb, pelmuHeu ma
iHMepakmuBHi KOHKYPCU CMUMYJIFOOMb CMYyOeHmis 00 akmuBHOI y4acmi y 3aHIMmSX i NioBUWLYOMb
piBeHb IXHbOI 3auikasneHocmi y BUBYeHHI aHenidcbkoi mosu. Kpim moeo, OoHIalH-niameoopmu
3abe3neqyromb MOXIUBICMb iHOUBIOYani3ayii HaB4YaHHs. CmyOeHmuU MOXYmb NPAyBAMU Y BJIACHOMY
memni, NOBMOPrOBAMU Mamepias, BUKOHysamu 0o00amkosi 8npasu ma ompumysamu docmyn 00
PI3HOMAHIMHUX OCBIMHIX pecypcis. Lje cnpuse ¢opmysarHHO asmoHOMHOCMI Ma 8ionosidasisHOCmI 3a
pe3y/ibmamu B/1aCHO20 HABYAHHS.

BucHosKu. Omi#e, iHmepakmusHiCMb OHAAUH-NIAM@GOPM € eppeKmuBHUM 3aCO60M NIOBULLEHHST
mMomusauii cmyodeHmis npu BuBYeHHI aHenidcbkoi mosu y 3B0. BUKOPUCMAHHA UU®pPOBUX pecypcia
CNPUSAE akmMuBi3auli HaB4asbHoi OiFS/IbHOCMI, PO3BUMKY KOMYHIKAMUBHUX HABUYOK, NiOBUULEHHHO
iHmepecy 00 HABYAHHS MA CMBOPEHH KOM®OPMHO20 OCBIMHLO20 cepedoBuuld. [lepcnekmusu
nooasnbWux 00CHIOXeHb NOJA2AroMb Y BUBYEHHI epekmuBHOCMI OKpemMux OHAalH-NIameoopm ma
IXHB0O20 BNIUBY HA POPMYBAHHS IHLUIOMOBHOI KOMYHIKAmMUBHOI KOMNemeHmMHoCmi cmyoeHmis.
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Abstract

The integration of artificial intelligence (Al) into education has significantly transformed
approaches to English as a Second Language (ESL) instruction. Al-powered adaptive learning systems
provide personalized educational experiences by analyzing students’ learning behaviors, performance,
strengths, and weaknesses. These technologies enable individualized instruction, immediate feedback,
and flexible learning environments that improve learner engagement and language acquisition. This
article examines the role of artificial intelligence in adaptive ESL learning systems and evaluates their
impact on personalized language education. The study is based on qualitative analysis and a review of
contemporary academic literature related to Al technologies in language learning. The findings
demonstrate that Al-based adaptive systems contribute to increased learning efficiency, learner
autonomy, and motivation. However, challenges related to data privacy, technological accessibility, and
the reduction of human interaction remain significant concerns. The article concludes that artificial
intelligence should be used as a supportive educational tool that complements, rather than replaces,
teachers in ESL education.

Keywords
Artificial intelligence, adaptive learning systems, ESL education, personalized learning, educational
technology, language acquisition.

Introduction

The rapid development of digital technologies has considerably influenced modern educational
practices. Among the most significant technological innovations in education is artificial intelligence (Al),
which has become increasingly integrated into teaching and learning environments. In recent years, Al-
powered educational systems have gained particular importance in English as a Second Language (ESL)
education due to their ability to provide personalized and adaptive learning experiences.

Traditional ESL teaching methods often struggle to address the individual needs of students with
different proficiency levels, learning styles, and educational backgrounds. In many classrooms, teachers
face challenges related to differentiated instruction, learner engagement, and timely assessment.
Artificial intelligence offers potential solutions to these issues through adaptive learning systems capable
of analyzing learner data and adjusting instructional content according to students’ needs and progress.

Adaptive learning technologies use machine learning algorithms, learning analytics, and intelligent
tutoring systems to create individualized educational pathways. Such systems allow learners to study at
their own pace, receive immediate feedback, and access customized learning materials. As a result, Al
technologies contribute to improved language acquisition and greater learner autonomy.

At the same time, the increasing use of Al in education raises important ethical and pedagogical
questions. Concerns related to data privacy, accessibility, algorithmic bias, and reduced human
interaction remain central to discussions about the future of Al in language education.

The purpose of this article is to examine the role of artificial intelligence in adaptive ESL learning
systems and evaluate both the advantages and challenges associated with personalized language
education.

Literature Review

The role of artificial intelligence in education has been widely discussed in contemporary academic
research. Holmes, Bialik, and Fadel (2019) argue that Al technologies have the potential to transform
educational systems by supporting personalized instruction and improving academic performance.
According to the authors, intelligent educational systems can help learners achieve better outcomes
through individualized learning pathways and continuous assessment.

Luckin (2018) emphasizes that Al should not replace teachers but rather enhance human
intelligence and educational effectiveness. The researcher highlights the importance of collaboration
between educators and intelligent systems in creating meaningful learning experiences.
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Adaptive learning systems represent one of the most important applications of Al in education.
These systems collect and analyze learner data in order to personalize instructional content and learning
activities. Knewton (2015) states that adaptive technologies can significantly improve learner
engagement and academic achievement by providing customized educational experiences.

In the context of ESL education, Al technologies are increasingly used in language learning
applications, intelligent tutoring systems, automated writing evaluation tools, and conversational
chatbots. Chapelle (2003) notes that technology-assisted language learning can improve vocabulary
acquisition, grammar development, pronunciation, and communication skills.

Furthermore, speech recognition technologies and natural language processing systems enable
learners to practice speaking and receive immediate corrective feedback. According to Warschauer and
Healey (1998), computer-assisted language learning creates opportunities for interactive and
autonomous learning environments.

Despite these advantages, researchers also identify several limitations of Al in education. Selwyn
(2019) warns that excessive dependence on educational technologies may reduce social interaction and
create inequalities related to technological access. Therefore, many scholars emphasize the importance
of maintaining a balance between technology-based instruction and human-centered pedagogy.

Methodology

This study is based on qualitative research methodology and literature analysis. The article
examines contemporary academic publications, books, and scholarly sources related to artificial
intelligence, adaptive learning systems, and ESL education.

The research focuses on identifying the major benefits and challenges associated with Al-powered
adaptive learning technologies in language education. Comparative analysis was used to evaluate
different perspectives presented in existing literature regarding the effectiveness of personalized
learning systems.

The selected sources include studies related to educational technology, computer-assisted
language learning, intelligent tutoring systems, and Al-supported language acquisition. The analysis aims
to provide a comprehensive understanding of how artificial intelligence influences modern ESL
education.

The Role of Artificial Intelligence in Personalized ESL Learning

Artificial intelligence plays a crucial role in the development of personalized learning environments
for ESL students. One of the main advantages of Al technologies is their ability to analyze learner
performance and adapt instructional materials according to individual educational needs.

Al-powered systems collect data related to students’ progress, learning speed, common mistakes,
and preferred learning strategies. Based on this information, adaptive platforms automatically modify
lesson difficulty, recommend learning activities, and provide personalized feedback. This individualized
approach helps students focus on areas requiring improvement and supports more efficient language
acquisition.

Another important function of Al in ESL education is immediate feedback. In traditional classroom
environments, teachers may not always have sufficient time to provide instant corrections to every
learner. Al technologies, however, can evaluate grammar, pronunciation, vocabulary usage, and writing
tasks in real time. Immediate corrective feedback enables students to recognize and correct mistakes
more effectively.

Artificial intelligence also contributes to increased learner motivation and engagement. Interactive
learning applications, gamified educational platforms, and Al chatbots create dynamic learning
experiences that encourage active participation. Many learners experience lower levels of anxiety when
interacting with Al systems because these technologies provide supportive and non-judgmental learning
environments.

Additionally, Al technologies promote autonomous learning by allowing students to access
educational resources anytime and anywhere. Mobile learning applications and online adaptive
platforms provide flexible opportunities for independent study, which is especially important for learners
in remote regions or students with limited access to traditional educational environments.

Benefits of Adaptive Learning Systems in ESL Education

Adaptive learning systems offer numerous advantages in ESL education for both teachers and
learners.

First, personalized instruction significantly improves educational effectiveness. Since students
possess different language abilities, learning speeds, and educational needs, individualized learning
pathways help create more efficient learning experiences.
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Second, adaptive systems increase accessibility and flexibility in education. Students can study
according to their own schedules and access educational materials beyond the classroom environment.
This flexibility supports lifelong learning and independent skill development.

Third, Al technologies improve assessment accuracy and learning analytics. Intelligent systems can
analyze large amounts of learner data and generate detailed reports about student performance. These
reports help educators identify weaknesses, monitor progress, and provide targeted support.

Moreover, adaptive learning systems support inclusive education. Students with different learning
preferences or special educational needs may benefit from customized instructional materials and
alternative learning methods provided by Al technologies.

Finally, Al-powered educational platforms may reduce repetitive administrative tasks for teachers,
allowing educators to focus more on communication, critical thinking development, and emotional
support.

Challenges and Ethical Concerns

Despite the numerous advantages of Al in ESL education, several challenges and ethical concerns
remain significant.

One of the primary concerns involves data privacy and security. Adaptive learning systems collect
large amounts of personal and academic information about students. Educational institutions must
ensure that such data is stored securely and used ethically.

Another major issue is technological inequality. Not all learners have equal access to digital
devices, stable internet connections, or technological literacy. This digital divide may create educational
disparities and limit the effectiveness of Al-based learning systems in certain regions.

Overreliance on technology also presents potential pedagogical risks. Excessive use of Al systems
may reduce face-to-face communication and social interaction, which are essential components of
language learning. Human interaction with teachers and peers remains necessary for developing
communication skills, intercultural competence, and emotional intelligence.

Furthermore, Al algorithms may sometimes produce biased or inaccurate evaluations due to
limitations in training data or system design. Therefore, educators should continue supervising learning
processes and critically evaluating Al-generated recommendations.

Conclusion

Artificial intelligence has become an important component of modern ESL education. Al-powered
adaptive learning systems contribute to personalized instruction, increased learner engagement,
immediate feedback, and improved language acquisition. These technologies provide flexible and
accessible learning opportunities that support individualized educational experiences.

However, despite the significant advantages of Al technologies, challenges related to ethics,
accessibility, data privacy, and reduced human interaction remain important considerations. Artificial
intelligence should not replace teachers but rather function as a supportive educational tool that
enhances teaching effectiveness and learner outcomes.

Future research should focus on developing more inclusive, transparent, and culturally sensitive
Al systems capable of addressing the diverse needs of ESL learners worldwide. The successful integration
of Al into language education depends on maintaining an appropriate balance between technological
innovation and human-centered pedagogy.
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Abstract

The article is devoted to the study of linguistic mechanisms of influence in political and media
discourse. The main ways of realizing the manipulative potential of language at the phonetic, lexical,
grammatical, syntactic and stylistic levels are considered. Special attention is paid to the analysis of
lexical and stylistic tools as the most productive tools for shaping public opinion and interpreting social
reality. The paper examines the functioning features of emotionally labeled vocabulary, euphemisms,
dysphemisms, metaphors, phraseological units, evaluative constructions, rhetorical questions and other
means of speech influence. It is emphasized that modern political and media discourse is characterized
by a high degree of pragmatic orientation, and language acts not only as a means of transmitting
information, but also as an instrument of ideological influence, constructing social reality and controlling
mass consciousness. Based on the analysis of public political communication, a conclusion is drawn about
the dominant role of lexical and stylistic mechanisms in the implementation of manipulative strategies.
It is noted that the effectiveness of linguistic influence increases significantly in conditions of social
instability and emotional tension of society.

AHHOmMauus

Cmames NOCBAWEHA UCCIe00BAHUK A3bIKOBbIX MEXAHU3MOB B030elCmBUs B NOAUMUYECKOM U
Meduaduckypce. Paccmampusaromcs OCHOBHbIE CNOCObbI peanu3ayuu MaHunySmuBHo20 NOMeHYUana
A3bIKA HA (OHemUYEeCKOM, IeKCUYeCKOM, 2paMMAamu4YeckoM, CUHMAKCUYeCKOM U CMUAUCMUYeCKOM
yposHsx. Ocoboe BHUMaHUe yoesnsgemcss aHau3y JIeKCUKO-CMUIUCMUYeCcKux cpedcms Kak Haubosiee
NPOOYKMUBHBIX UHCMPYMEHMOB (HOPMUPOBAHUSA 0OWECMBEeHHO20 MHEeHUs U UHmepnpemauuu
couuanbHol dedcmaumesnibHoCMU. B pabome uccredyromcs ocobeHHocmu  @PYHKUUOHUPOBAHUS
SMOUUOHAJIbHO MAPKUPOBAHHOU JIeKCUKU, 38¢emMu3mMos, ouchemusmos, memagop, ¢pazeosiocu3mos,
OUEHOYHBIX KOHCMPYKYUL, pumopuyeckux BONPOCOB U Opy2ux CpPeocms peqesoco B030elcmBus.
[Mod4epKusaemcs, Ymo CoBpemeHHbIU NoaumuYeckul u mMeouaduckypc Xapakmepusyemcs BbICOKOU
cmeneHbro Npazmamuyeckol HanpasIeHHOCMU, d S13bIK BbICMYNAem He MOoJIbKO CpeoCmBOM nepedaqu
UHGopMayuu, HO U UHCMPYMEHMOM UOe0/I02UYECKO20 BJIUSHUS, KOHCMPYUPOBAHUS COUUA/IbHOU
peasabHOCMU U YynpasJsieHusi MaccoBbiM CO3HAHUeM. Ha ocHose aranusa nybaudHol nosumu4eckol
KOMMYHUKayuu denaemcsi 8bI800 0 QOMUHUPYrouwel posiu JIeKCUKO-CMUIUCMUYECKUX MEeXaHU3MOB B
peanu3auyuu  MaHunyssmusHbix cmpameaul. Ommedaemcs, 4Ymo 3PPeKmuBHOCMb  A3bIKOBO2O
B030elicmBus 3Ha4umesibHO BO3pACMaem B YC/I0BUSIX COUUAIbHOU HeCmabuibHOCMU U SMOYUOHA/IbHOU
HanpsixeHHoCmu 0bujecmaa.
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Knroyesbie cnoBa: nosumuyeckul OUucKypc, mMeodudaduckypc, 3bikoBoe B030elicmBue, pevesast
MAHUNyaauyus, MaHuny/ISMuBHble Cmpame2uu, JeKCUKO-CMUIUCMuYeckue cpedcmad, 38¢pemusm,
ducgpemusm, Memagopa, oOUEHOYHAs IeKCUKA, SMOUUOHA/IbHO MAPKUPOBAHHASA IEKCUKA, obuiecmseHHoe
CO3HAaHUe, NpazMamuKda, peyessle cmpame2uu, MeouaduH2BUCMUKA.

lMpobnema s13bIKk0B020 BO30elicmBUSA Ha 0bUieCMBeHHOe CO3HaHUe

lpobiema sa36IKk08020 Bo30elicmausa Ha 06WeCmBeHHOe CO3HAaHUe OMHOCUMCS K Yuc/1y Haubosiee
aKMyasnbHbIX HanpasaeHuli cospemeHHol IUH2BUCMUKU, Meoua/IuUHeBUCMUKU, NPA2MAMUKU U meopuu
KOMMYyHUKauuu. [lpedcmasnieHus o B8030elcmsyrowemM nomeHuyuase f3bika GopmMupoBasucb Ha
NPOMSMHEHUU MHO2UX cmoJsiemull U BOCX00AM K OpeBHelwuM ¢popmam Yenoseqdeckoll KOMMYyHUKauuU, 8
PAMKax KOMOopbIX CJI0BO pACCMAMPUBA/IOCh HE MOJIbKO KAaK CpeadCcmBo nepedayu UHGopmayuu, Ho U Kak
0Cob6bIU UHCMPYMEHM BJIUSHUS HA CO3HAHUE, NOBEOeHUe U 3MOUUOHAIbHOE COCMOSHUE Yesosekd. B
apxauyeckux KyJbmypax A3bIKOBOMY 3HAKY NPUNUCHIBA/IACL CAKPA/bHAS (PYHKUUS: BepbasibHbie
dopMysibI, 3aKAUHAHUS, pUMYasibHble 06paueHuss U NPOKISMUS BOCNPUHUMAIUCL KAk OelicmBeHHbIl
MexaHu3M 8030eliCmBUS HA OKPYX@aroulyro delicmaumesibHOCMb. [1000bHoe NoHUMAaHue CuJsbl C/108a
csudemesnisCmayem O PAHHEM OCO3HAHUU Ye/lI0BeKOM CNOCOOHOCMU peyesoeo akmd OKd3bIBAMb
BJIUSIHUE HA UHOUBUOYA/IbHOE U KOJIIeKMUBHOE CO3HAHUE.

Bnocnedcmauu udes pe4eso2o B030elicmaus NoJy4uaa pasumue 8 aHmu4YHoU pumopudeckoll
mpaouyuu, 8 pamkax Komopod A3bIK CMas paccMampusambCsa KaK CpeocmBao yoexcoeHuUs U ynpasieHus
obuwecmBeHHbIM MHeHUeM. Yxe B mpyodax aHMUYHbIX Mbiciumesied ocoboe BHUMAHuUe Yoesssioch
MEexXAaHU3Mam dp2yMeHmauuu, >MOUUOHAIbHO20 Bo30elcmBus U GopMuUposaHus Heobxooumozo
BneyamJieHus y ayoumopuu. B danbHeliuem ucciedosaque 8030eicmsus peyu NoJy4usIo passumue 8
uocopuu F3bIKa, NCUXOUHSBUCMUKE, COUUOJUHRBUCMUKE, Meopuu OUCKYpca U Ko2HUMUBHOU
nuHesucmuke. CoBpemMmeHHas 2yMaHumapHas Hayka paccmMampusaem f3biK He MOJIbKO KAk cucmemy
3HAKOB, 06ecneyuBaroWyo KOMMYHUKAUUK, HO U KAK UHCMPYMeHm  KOHUenmyaausayuu
delicmBumMeIbHOCMU, MOOeIUPOBAHUS COYUAsIbHOU peasbHOCMU U (GopMUPOBAHUS UOE0/I02UYECKUX
YCMAHOBOK.

Ocobyro akmyasnbHocmb npobriema $3bikoBo2o Bo30elicmBsus npuobpemaem B YC/I0BUSX
2s0banuzayuu UHGOPMAUUOHHO20 NPOCMPAHCMBA U UHMEHCUBHO20 PA3BUMUS CPedCcmB Maccosoll
KoMMyHUKayuu. CoBpemeHHbIl MeoduaducKypc Xxapakmepu3syemcs BbICOKOU CmeneHbto NpazmMmamuyeckol
HanpassieHHOCMU, NOCKOJIbKY OCHOBHAs 3adaya MeoduameKkcma 3dK/r4demcss He moJbKO B
UHGOpMUpoBaHUU ayoumopuu, Ho U B8 ¢GopmupoBaHuu onpedenéHHol uHmepnpemayuu cobbimud.
Cpedcmsa maccoBold uH@oOpmayuu, NOAUMUYECKUe UHCMUMYymsbl U Uu@poBble  NaamaeopMel
UCNO/Ib3YHOM WUPOKUL CNeKmMp KOMMYHUKAMUBHbIX cmpameaud, opueHmupoBAHHbIX HA ynpassieHue
BHUMAaHUeM adpecamd, ¢opmupoBaHue obwecmBeHHo20 MHeHUs U B030elicmBue Ha SMOYUOHASbHO-
oueHo4Hyro cepy Bocnpuamus [CapkucsH 2026-6]. B 883U ¢ 3muM S3bIK CMAHOBUMCS BAXCHEUWUM
UHCMPYMEHMOM U0e0/102U4eCK020 B/IUSHUS U COUUATbHO20 KOHCMPYUPOBAHUS pedsibHOCMU.

Cpedcmaa 8o30elicmBusi Ha ayoumopuro

JluHeBuCmMuYyeckue cpedcmaa SBJISHOMCS MeM 3ppeKkmuBHbIM UHCMPYMEHMOM, C NOMOUWbHO
KOMOpo20 OCYUWeCmBISOMCA  pedyesble cmpameauu U MAakmuku. [TomMumo ocHosHol 3adayu
npedocmassieHus 0b6beKmuBHOU UHGOpMauuu O mex UAU UHbIX COObIMUSX NOJUMUKU NYymem
Bo30elicmBuss Ha KapmuHy Mupa aopecama 3KCnauyumHbiM 06pa3oM BbIpaxdeHusi BKIYAOM CBOE
MHeHUe, KPUMUKY U/IU OUEeHKY Kako2o-/lubo sfBJieHus, 4Ymo CMAHOBUMCS OCHOBONO/IA2ArOULUM
KOMNOHeHmMoM cybbekmusHol mModasbHocmu. OCHOBHble CPeOCmBA S3bIKOBO20 MAHUNYJ/IUPOBAHUS
NPUHSIMO  BbIOENAMb HA (OHEeMUYeCKOM, J1eKCUYeCKOM, MOop@hOI02U4eCKOM, CUHMAKCUYECKOM U
cmu/iucmu4eckom yposHsix [Prokosa 2021].

JluHeBuCcmMuYeckue cpeocmsa Bo3delcmsus npedcmasastom cobol CIOXHYH cucmemy
PA3HOYPOBHEBbLIX MEXAHU3MOB, NOCPEOCMBOM KOMOPbIX OCYUWeCMBISeMCS Peanu3auus peyesbix
cmpameauli U MAakmuk, HanpasaeHHbIX Ha 00CMUMEHUe 0NPedesiéHHOo20 NPA2Mamu4yecko20 3pgdekma.
[pu 3mom coBpemeHHbIl MeouameKcm HUK020a He SBJISemcs NOJIHOCMbHO HeUmpasibHbIM, NOCKOJIbKY
oaxce npu Oeknapupyemold 0bbeKmUBHOCMU B HEM Heu3bexHOo npucymcmayem asmopcKasi
UHmMepnpemayus  cobbimud, BbIPAXEHHAS 3KCNAUYUMHO uau  umnauyumHo.  CybbekmusHas
MOOAIbHOCMb CMAHOBUMCS HEOMbeM/IeMbIM KOMNOHEHMOM NOAUMUYECKO20 U Meduaduckypcd, a
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A3bIKOBbIE CPeOCMmBA BbINOIHAOM QYHKUU He MOJIbKO nepedaqu UHGopMauyuu, HO U OUEHKU,
UHMepnpemauuu U KoHuyenmyasuzayuu oeldcmsumesibHOCMU.

Ha goHemuyeckoM ypoBHe MaHunyssSmuBHbId NOMeHUUAs S3bIKa peasiu3yemcs npexoe Bce2o
NocpedcmBOM UHMOHAUUOHHbIX CPeOCmB. VMIHMmoHauus cnocobHa cyuecmseHHo mpaHchopmuposams
CeMaHMUKY BbICKA3bIBAHUS, NpUOABAs emy UpOHUYeCKul, capkacmuyeckud, azpeccusHbil /ubo,
Hanpomus, 0006pumesibHbIl xapakmep. OOHO U MO e BbICKA3bIBAHUE B 3ABUCUMOCMU OM
npocoouyecko20  O0QPOPMJIeHUS ~— MOXem  BOCNPUHUMAMbLCS — adpecamom  OudmempasibHo
NPOMUBONOJIOXCHBLIM 06pazom. [To0obHasg BapuamuBHOCMb 0CO6EHHO 3Ha4YUMa 8 YCmMHOU NOUMUYECKOU
KOMMYHUKAyuU, 20e UHMOHAyuUsi CMaHoBUMCS BAXCHbIM CPEOCMBOM 3MOUUOHA/IbHO20 BO30eUCmBUS Ha
ayoumopuro. Hanpumep, s10b6as ¢pasa, umerowids NO0HUMe/bHbIG OMMEHOK 3HaYeHus, Moxem bbimb
NPOU3HeceHa ¢ YyKopom u nopuuaHuem («Tak depxcama!»; «Mosodeu!»).

CuHmakcu4eckue cpedcmaa so3oelicmsus

CuHmakxcuyeckud yposeHb obaoaem 3Ha4umesibHbIM NPazMamuyeckum NomeHuuasom. [opsgook
C/108, AKMYya/ibHOe Y/ieHeHuUe NPedsiodeHus], BbiIb0Op CUHMAKCUYeckol KOHCMPYKYUU U pacnpedesieHue
KOMMYHUKAMUBHbIX AKUEHMOoB NO3BO/IHOM dopecaHmy Ynpassissmb BHUMAHUEM ayoumopuu U
PAHMUPOBAMb UHGOPMAYUHO B COOMBEMCMBUU C COOCMBEHHbLIMU KOMMYHUKAMUBHbLIMU 3adadYamu. Tak,
conocmasieHue KoHCmMpyKyul «lpasumesibCmBo BHEC/10 brooxem B napjaameHm» u «flapaameHm
obcyxdaem  6ro0xem, NpedsioXeHHbId  NPasumMesbCmBoM»  0eMOHCMpPUpyem  pas/uyue B
pacnpedesieHuUU  CMbIC/I0BO20  UeHMPAd BbICKA3bIBAHUS. B nepsom ciy4ae  akueHmupyemcs
dessme/sibHOCMb NPABUMe/IbCMBA, Mo20d Kak B0 BMOPOM HA NepBbIt NJiaH BbIOBU2AEMCS NAPJAMEHM
Kak cybbekm  nosumuyecko2o npouecca. CnedosamesibHo,  CUHMAKCUYecKass Op2aHu3ayust
BbICKA3bIBAHUS  HENOCPEOCMBEHHO CBSA3AHA C  MeXAHU3MAamu  GOKYCUPOBAHUS — BHUMAHUS U
UHMepnpemauuu NoJIUMuUYeckol peasbHoCmu. Takum o0bpa3om, NpasusibHbIU BbI6OP NOPSOKA C/108 B
NpeodsioXeHuU Cnocobcmayem paHMUPOBAHUK S3bIKOBO20 Mamepuand Co2iacHo UHMepecam
20B0pALLe20.

BaxcHbIM acnekmom pe4yesoeo B030elcmaus SBJISemcs BAPUAMUBHOCMb CUHMAKCUYeCKUX
modesiel, UCNOJIb3yembiX 0151 BbIPAXEHUS 00HO20 U MO20 e KOMMYHUKAMUBHO20 HamepeHus. [Tpockba,
nobyxoeHue unu mpebosaHue mo2ym b6bimb peanu3o8aHbl NOCPEOCMBOM PA3/IUYHBIX KOHCMPYKUUU:
nobyoumesibHbIX, BONPOCUME/IbHbIX, /IUNMUYECKUX, HOMUHAMUBHbIX U NephOpMamMuUBHbIX. Bbibop
KOHKpemHoU modesiu onpedesigsemcs NpazmMamu4eckumu YCmaHoBKamu aopecasma u Npeonosazaembim
3¢pdekmom Bo3delicmsus Ha adpecama. Tak, 8 NOJAUMUYECKOM OUCKYPCe Npu3biB K KOHCOAUOQuuUU
obwecmsa moxem bbimb BbipaxeH No-pazHomy: « ObbeduHUM ycuaus padu byoyuwe2o CmpaHbl», «He
nopaiu Ham 0edicmBoBams coobWa?», «EOUHCMBO — CE200HSA 2/1aBHbIU NPUOPUMEM» UU «5 NPU3bIBAtD
2pax}c0aH K cosmecmHol pabome». Imu KOHCMPYKYUU pas/iudaromcs CMeneHbro Kame2opuyHoCmu,
JKCNPeccuBHOCMU U BOBJIGYEHHOCMU adpecama, 4Ymo csudemesibcmayem O mecHoU CBA3U
CUHMakcu4eckol ¢popmbi ¢ KOMMYHUKamusHoU cmpamezuell NOAUMUYecko20 opamopd.

pammamuyeckue cpedcmsa A3bIKoBo20 B0O30elCmBuUs CBA3AHbI npexde Bce2o C Kamezopuel
cybrekma Oelicmausi U pacnpedesieHueM OmBemCMBEeHHOCMU. B NoaumMuUYeckom u meduaduckypce
WUPOKO UCNO/Ib3YHOMCS NACCUBHBIE KOHCMPYKYUU, NO3BO/ISHOULUE CKPbIMb UAU HAMEPEHHO pa3mMbimb
cybbekm Oelcmsus. [1o00bHble 2pammamuyeckue mpaHchopmauyuu CcnocobCMBYHOM  CHUMCEHUO
cmeneHu 0mBemMCMBeHHOCMU U Co30arom 3¢pgekm HeonpedenéHHocmu. Hanpumep, KOHCMPYKUUU
muna «bbiiu donywieHbl oWubKu» uau «bbl1o NPUHAMO peweHue» No3BOJISHM U3bexams NPIMO20
YKA3aHusi Ha KOHKpemHbll cybbekm delicmaus. Takum 06pd3omM, 2pammamuyveckas opeaHu3ayusi
BbICKA3bIBAHUS CMAHOBUMCS UHCMPYMEHMOM NPAzMamu4yecko2o 8030elcmBus U MaHunyaupoBaHus
UHmMepnpemauyuel NPoUCXo0sauU4e20.

Jlekcudeckudl ypoBeHb KaK 3Ha4YUMasi 4acmb S3bIKOBbIX MEXaHU3MOB B030elicmBust

Haubosnee 3Ha4umesibHbIl NOMEHYUAs A3bIKoBO20 BO30elCMBUS COCPEO0MOYeH HA IeKCUYeCKOM
YPOBHe. VIMeHHO JsieKkcuyeckue eouHuub! 061adarom MakcumasibHol CNOCOOHOCMbHO K BbIPAXEHUHO
OUEHKU, IMOYUOHA/IbHOCMU U udeosioeudeckol MapKupoBaHHoCcMU. Jlekcuveckul Bbibop asmopa
onpedesigem Xapakmep UHMepnpemauuu cobbimul u gopmupyem y aopecama onpeoesiéHHoe
OmHoWeHue K npeomemy pe4u. [locpedcmaom nodbopa HOMUHAUUU BO3MOMHO KAk CMseYeHue
He2amuBHO20 CO0epIHaHUs, Mak U YcuseHue 3MOUUOHAIbHO20 3¢pgdekma. Hanpumep, nekcema
«baHamusm» Moxem 3aMeHSIMbCS BbIPAXEHUSMU  «NPUHUUNUAIbHAS NO3Uyus» Wwiu  «es1ybokue
ybexcoeHus», Ymo NPUBOOUM K U3MEHEHUI OUEHOYHO20 BOCNPUSMUS 0603HAYaemMo20 ABJIeHUS.

IMOUUOHA/IbHO MAPKUPOBAHHASI JIGKCUKA XapaKkmepusyemcs: Haauquem 0onoaHUMebHbIX
IKCNPEecCUBHbIX U OU4eHOYHbIX KOMNOHEHMOB 3HA4YeHUsI. VICN0/Ib30BAHUe pa320B0oPHbIX, CHUMCEHHbIX /U6,
HANpoOmMuB, BbICOKUX KHUMCHbIX eO0UHUU NO3B0JISem daopecaHmy MOoO0e/iuposams ONPeoeseHHbIU
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KOMMYHUKamuBsHbIl 3¢gexkm. MMonumuyeckue desmesu Hepeoko npube2arom K pas2080pHOU JIeKCUKe C
Uesblo  COKpaweHuUs oucmanyuu mexoy cobol u maccosold ayoumopuel, c030asas UIto3uUr
HecopMasibHO20 0bWeHUS U NPUHAOJIeXHHOCMU K «Npocmomy Hapody» [/leoHmees 2001, [aspusios
2013]. ModobHas cmpameaus cnocobcmayem GopmuposaHuro 0o8epuUmesibHbIX OMHOWeHUl Mexoy
NOJIUMUKOM U a0pecamonm.

CoBpemeHHOe UHGOPMAUUOHHOE NPOCMPAHCMBO  XAPAKmMepu3yemcsl BbIiCOKOU cmeneHbro
UHMeHCUBHOCMU KOMMYHUKauuu, a nomomy bopbba 3a sBHUMaHue aopecama mpebyem om nosumuKos
UCNOJIb30BAHUS MAKCUMA/IbHO 3PdeKkmuBHbIX peyesbix cmpameaul. B yciosusx UHGOPMAauUOHHOU
KOHKYPeHYUU A3bIK CMAHOBUMCS He MOJIbKO Cpe0CmBOM nepedayu UHGOPMAayuU, HO U UHCMPYMEHMOM
U0eos102u4ecKo20 BJIUSIHUS, pOPMUPOBAHUS 06LLECMBEHHO20 MHEHUS U KOHCMPYUPOBAHUS COUUATbHOU
peasibHocmu. OOHUM U3 0elicmBeHHbIX MeXaHUu3MoB BO30elicmBus SBJISemCs UCNO0JIb308AHUE OUeHOYHOU
JleKcuku. OueHKka npedcmasnisem cobold BbIpAXceHuUe NOJIOXUMEIbHO20 UIU  OMPUYUAMesibHO20
OMHOWEHUS 2080pALLE20 K npedMemy peyu. [o/lumudyeckue mekcmasl peoko bbiBarom HelmpaibHbIMU:
daxe npu cmpemsieHuu K 06bekmuBHOCMU asmop NOCPEOCMBOM ONPeOeeHHbIX A3bIKOBbIX eOUHUU,
gopmupyem y ayoumopuu Heobxooumoe 3MOUUOHA/IbHOE OMHOWeHUe K Cobbimuro, UYHOCMU UIU
asneHuro.  Tak, cio8a «pegopma», «MooepHu3auus», «cmabusauzauus» obbiH4HO  obsadarom
nosoxcumesibHol KoHHomauuel, mo20a Kak JIeKCembl «KpU3UC», «yepo3a», «kamacmpoga», «azpeccus»
co30arom He2amuBHbIU IMOUUOHAIbHbIU POH. [10006HbIT BbIGOP C/I0B HE C/Iy4aeH: OH HAaNpPasJsieH Ha
popmupoBaHue y aopecama KoHKpemHouU Mooesiu BOCNpUAMuUs 0elicmaumebHOCMU.

IBpemMu3Mbl B NOIUMUYECKOM OUCKYpce

VIHmepecHbIM cnocobom Bo30elicmBust AB/ISemcs UCNO/Ib30BAHUE 38(EeMU3MOB - SMOUUOHA/IbHO-
HelmpasibHbIX C/I0BAPHbIX €0UHUU, KOMOopble NpedoCmAas/istom 20BOPAUEMY BO3MOXCHOCMb 3AMEHb!
COUUA/TIbHO HexcenamersibHblX, 2pybbixX U/l He2amuBHO OKPAWEHHbIX eduHuu. J1.I1. KpbicuH 8bioensem
cepbl UCN0/Ib30BaHUS 0AHHO20 MPONA B COYUATbHOU XCU3HU, YOesas NpU 3MomM Hauboibuiee BHUMAHUE
nosumuyeckou cgepe [KpbicuH 2004]. Jlrobas desamesibHOCMb NOUMUKOB KAK UCMUHHbIX OUNJIOMAmos
do/miHa credosams HOPMAam nosiumuyeckold KoppekmHocmu [CapkucsaH 2025]. Mix peydb - 3mo mekcm,
NocmpoeHHbId Makum 06pazom, Ymobsbl peuiums KOHKPemHbIe KOMMYHUKAMUBHbIE 3a0a4u, Hanpumep,
coobuwums 06 akmyasibHbIx npobemax, 0bpawidasck K Maccosol ayoumopuu. Omcrooa U BO3HUKHOBEHUE
meHOeHYUU K UCNOJIb30BAHUKD MeX S3bIKOBbIX CPEOCmB, KOMOPble CNOCObHbI UCKAX¥amb
delicmBUME/ILHOCMb U CMA24amMb pPA3/IuYHbIe NOHAMUS, CKPbIBAS MeM CAMbIM He2amuBHbId acnekm
[CapkucsaH 2026-a]. CoBpemeHHble Npouecch! 38¢emMu3ayuu 0XBamsiBarOM WUPOKUU Kpy2 chep — om
coyuasnbHol u npogeccuoHabHol 00 3mHu4eckol u 2eHoepHol. Imo2o docmamoyHo, Ymobbl oboldmu
CMOopPoHOU J1t06YH KA3YCHYH CUMYAyUro UaU CMA24UmMb OUCKPUMUHAUUFD.

Jlucgpemusmbi 8 noslumuyeckom ouckypce

[poMUBONOJIOHHLIM MEXAHU3MOM BbiCmynadem oucgemusayus, Npeonosazarouids HamepeHHoe
UCNOJIb30BAHUE 2pYObIX, YHULUMCUMENBHbIX U/IU PE3KO He2amuBHbIX HOMUHauud. Juchemusmbi akmusHoO
ucnosib3yromcs B8 Meoudouckypce Kak cpedcmBO 3MOUUOHA/IbHO20 —0dB/IeHuUs, HA2HemaHus
HanpsxEHHoCcmu U ¢opmuposaHus 06pasa y2po3ssl. [lodobHas cmpamezus 0CobeHHO XapakmepHa 0Jis
KOHGAUKMHO20 — NOUMUYeCKo20 — OUCKYPCd, B  KOMOPOM  OCYUIEeCMB/ISeMCcs  XEcmkKoe
NPOMUBONOCMABJIEHUE «CBOUX» U «YyXUX». [IpU 3MOM HA2HemaHue cnocobcmsayem CyeeecmusHOMY
B030elicmBU Ha CO3HaHue siroded.

OcobeHHocmu Memagopusayuu

HemasnoBa)HbiM KOMNOHEeHMOM MAHUNY/ISMUBHO20 anndpama A8/semcs memagopusayus. 3mo
00UH U3 U3/TH00IeHHbBIX MEXAHU3MOB A3bIK0B020 8030elicmBUs KaK NOAUMUKo8, mak u CMU. Pocculickud
ucciedosamesnib OnapuHa E.O. packpeisaem Cymb U BApUAHmMbl ynompebaeHuss memagopsi 8
noaumu4yeckom ouckypce: «Ee ucnosib308aHue CBOOUMCA K NOOMeHe PAayUuoHasIbHo20 0OO0CHOBAHUS
CYyH0eHus uppauuoHaabHeiM» [OnapuHa 2002]. [lonyyaemcs, 4mo 3mo BApUdHM MPAKMOoBKU U
UHMepnpemayuu OyeHKU, Komopbil 3a4acmyro B03800UMCS B NO3ULUK 2/IABHO20 Ap2yMeHMa B0 BpeMS
dokazamesibCmBa onpeodesieHHOU MOYKU 3peHus, d NOmMOoMy BNOCAe0CMBUU OH C030aém emKul
SMOUYUOHASTbHBIU U 3KCNPeccuBHbIi 06pas, ¢ KOMopbIM B 0b6WeCMBEeHHOM CO3HAHUU ACCOUUUPYHOMCS
onpedesieHHble depuHuyuu. Takum obpasom, noaumuyeckas memagopa gopmupyem onpedenéHHyro
modesib Bocnpusmus cobbimud, 3a0aém uHmMepnpemayUoOHHbIe PAMKU U BUSem HA KO2HUMUBHYH
obpabomKy uHGopmauyuu aopecamom. b61a200apss 3momy  NOAUMUYECKAs KOMMYHUKAUUS
npuobpemaem BbICOKYK CMeneHb 3KCNPeccuBHOCMU U SMOUUOHAIbHOU ybedumesibHOCMU.

Posib 3numemos 8 NoIUMUYeckoM OUCKypce

Ocobyro posib 8 NOAUMUYECKOM OUCKypce ueparom snumemsl. OHU NO3BOJISHOM HE MOJIbKO
ONUCbIBAMb 06BEKM, HO U UHMEepNpemupoBams €20 Yepe3 asmopCcKYro OUEHKY. Hanpumep, coyemarus
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«becnpeyeoeHmHble MEPbI», «HeCmOoKUe CaHKUUU», «2epoudyeckultl Hapoo», «Hecnpaseosiusoe peuieHue»
0671a0arom APKO BbIPAXECHHbIM IMOUUOHA/IbHO-3KCNPECCUBHBIM NOMEHUUAIOM. InUmemab! YCU/IUBArOM
B030elicmBYUYI0 PYHKUUK MeKcmda, CnocobCcmBYM 3MOUUOHAIU3AUUU COObWeHUS U NOMOo2arom
asmopy 3aKkpenums 8 CO3HAHUU ayoumopuu HyxcHbIl 0b6pas.

Jlekcuyeckull NoBMOop U aHmume3a 8 NOIUMUYEeCKoM OUCKYpce

BaxHbIM UHCMPYMEHMOM pe4eso2o B030eliCmausl BbiICmynaem Nnosmop. Jlekcuyeckul nosmop
N0380/19em aKyeHmupoBams BHUMAHUE ayoumopuu Ha K/IKOHYEBbIX NOHAMUSAX U udesx. MHo20KpamHoe
BOCNpou3BedeHue onpedesiéHHbIX C108 UJU BbipaxeHull cnocobcmayem Ux 3aKpensieHuro 8 CO3HAHUU
adpecama u @opmupoBaHuro ycmolyusbix accoyuayuld. OcobeHHO aKkmuBHO OaHHbIO Npuem
UCNOJIb3Yemcs 8 NOJIUMUYECKUX BbICMYNJIGHUAX U NPe0BbIOOPHbIX peqax: Mbi 00bbémca cmabusibHOCMU.
Mbi 0becnequm 6e3onacHocme. Mbi 3auiumum UHMepechb! CMPaks! U m.o. [10BMOpP MECMOUMEHUS «Mb/»
cozdaem 3¢pgekm eduHcmsa BAACMU U HAPOOd, opmMupyem  ouwyWeHue KoJIIeKmMUBHOU
omBemcmBaeHHOCMU u obujHocmu yesed.

Hapsdy ¢ noBMOpoOM 3Ha4yumesibHoe Mecmo 3aHumMaem asmumesa — CMUIUCMmuYeckudl npuem
npomusonocmasseHust. lloaumuKku Hepeoko Cmposim CBOK pedYb Ha OBUHAPHBIX ONNO3ULUSIX: «Mbl —
OHUY», «MUP — BOUHA», «CMAabU/IbHOCMb — XA0C», «Npasoa — J10xb». [To0obHoe npomuBoNoOCMasieHue
cnocobcmsyem ynpoujeHUr0 BOCNPUSMUS C/IOXCHBIX NOJIUMUYECKUX NPOUeCcco8 U (pOPMUPOBAHUKD Y
ayoumopuu Yyemkol cucmemb! KOopouHam, ede 00Ha CMopoOHAa NPeodCcmassIgemcst NoJoxumesbHod, a
opyeas — ompuuamesibHol. OCo6eHHO BAXCHbIM MEXAHU3MOM SBJISemcs bUHAPHAS ONNO3ULUS «CBOU —
Yyxcue», akmusHO UCNOJIb3yemMas 8 NOAUMUYECKOM OUCKYpCe 0719 KOHCMPYUposaHus obpaza spaza u
KOHCOMUOauuu CcouuanbHold epynnbl. Mo KK4YeBoU MexaHusmMoB8 MAHuny/syuu 8 meoudaouckypce
Cpedcmsa maccosol uHgopmayuu u nosumuyeckue desmesiu Hepeoko npube2arom K HamepeHHoMy
NPOMUBONOCMAB/IEHUKD «CBOUX» U «YyXCUX». JI1I9 XApakmepucmuku ONNOHeHMOB UCNOJb3YHOMCS
He2amuBHO OKpAWeHHble HOMUHAuuUU, co3darowjue y ayoumopuu ouwiyuieHue onacHoCmu U yepo3sbl.
lodobHas cmpamezus N0380/19€m KOHCO/IUOUPOBAMb 06WECMBOo BOKPY2 onpedesieHHOU NoUuMmu4eckol
udeu unu audepa. @opmuposaHue obpasza spaza conpoBOXOAemcs UCNO/Ib30BAHUEM SMOUUOHAIbHO
HacblujeHHoU J1eKcuKu, 2unepbosi, dUCHEemMuU3MoB U 0UeHOYHbIX Memagop.

Pumopuyeckue Bonpockl 8 NOAIUMUYECKOM QUCKYpCce

OmoesibHo20 BHUMAHUSI 3AC/yXUBAem UCNOJIb30BAHUE PUMOPUYEcKUx Bonpocos. OHU He
npeono/iazarom NoJlyYeHuss O0maemad, 0OHAKo NO3B0JIAHOM ABMOPY HANPABUMb MbICUMESbHbBIT NPOLECC
aopecama B8 HyxXHoe pycso. Pumopuyeckue Bonpockl co30arom UIo3uro ouasoea ¢ ayoumopued,
BOBJIEKAOM €€ B PA3MbIULICHUE U 00HOBPEeMeHHO NOOMAIKUBArOM K 3apaHee 3anpoepammupoBaHHOMY
BbIBOOY: «Passe MO}HO 0CMABAMbCS PABHOOYUWIHbIMU K NPOUCX00AWeMy?», «Kmo, ec/iu He Mbl, Q0/IHCHbI
3awumums  UHMepecbl 2ocydapcmaa?» u m.0. [1o0obHble KoHCmMpyKuuu 061a0arom BbICOKUM
Cy22eCcmuBHbIM NOMEHUUAIOM U HepedKo UCNO/Ib3YHOMCS B NOAUMUYECKOU pumopuKke u nybulGuCmuKe.

lunepbonuzayus

B KOHMeKcme paccmMampusaemo20 BoNpOCA Hesb3da 0b6olimu BHUMAHUEM 2unepbosu3ayuro,
aBasouyr0 cobol HamepeHHoe npeysesiudeHue onpedesieHHbIX ¢Gakmos uau ssneHud. unepbona
cnocobcmBsyem  YCUMeHUK) SMOUUOHAIbHO20 3PdeKkma U NOoBbILEeHU0 CmeneHu Bo30elicmausl Ha
ayoumopuro. Hanpumep, 3KoHoMuyeckue mpyoHoCmu Mo2ym ONUCbIBAMbCS KAk «kamacmpoguyeckue»,
nosuMuUYecKue pazHo2/1acusl — Kak «yepo3a Muposol be3onacHocmu», a 0elcmsus NPOMUBHUKA — KAk
«becnpeyedeHmHas azpeccus». [1o00bHbIe S3bIKoBble Cpe0CmBa ycuausarom opamamusm coobweHus u
B030elicmByrom npexcoe BCe2o Ha IMOUUOHA/IbHYHO Chepy BOCNPUSIMUS.

MaHunynsmusHbIl nomeHyuan cpedcms maccosol UHpopmauuu

Cnedyem ocobo ommemums MaHUuNy/ISMUBHbILU NOMeHUUas cpedcma Maccosol uHgpopmauuu 8
acnekme ombopa u nodavu uHdopmauuu. MaHuny[uUs OCYUeCmaISemcss He MoJibKo NOCpedcmBoM
A3bIKOBbIX e0UHUU, HO U Yepe3 HamepeHHoe akueHmMUpOBAaHUe 00HUX pakmos U 3amMai4usaHue opyeux. B
pesysbmame y aopecama @opmMupyemcs onpedesieHHass KapmuHa Mmupd, COOMBemCmByuas
UHMepecam cybbekma KOMMYHUKAUUU. H3blK B8 OAHHOM CJly4ae CMAaHOBUMCSH UHCMPYMEHMOM
UHmMepnpemayuu 0elicmaumMesIbHOCMU, d He MOJIbKO ee ONUCAHUS.

Ocoboe mecmo 8 No/IUMUYeckoM OUCKYpce 3aHuMaem cmpameaus cosudapuzayuu ¢ ayoumopued.
lMonumuyeckue dessmesiu aKMUBHO UCNOJIb3YHOM MECMOUMEHUSI «Mbl», «HAW», Hapeyue «Bmecme»,
cmpemsCb €030amb  oWyUeHue eouHcmsa ¢ Hapodom. [1odobHas makmuka cnocobcmayem
YCMAaHOoBJIeHU 00BepUMesIbHbIX OMHOWeHUU Mexdy adpecaHmom u adpecamom, ad Makxe popmupyem
3pekm KosekmuBHoOU NpUYACMHOCMU K NPoUcxooswemy: «Mbl BMecme npeodosieeM mpyoHOCMU,
«Hawa cmpaxa sce20a omcmausana cBou UHmepecki» u m.o. Takas peyesas cmpameausi N0380J5em
YCUWIUMb SMOUUOHAJIbHYIO CBS3b MEXCOY NOJIUMUKOM U ayoumopued.
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Mcnonb3oBaHue npeyedeHmHbIX peHOMeHo8

BaxyHbIM CpeOCMBOM peyeso20 8030elcmBUs ABISHOMCS NpeueoeHmMHble peHoOMeHb! — UUumambai,
ucmopuyYeckue aailo3ul, U3BECMHbIe BbIPAXEHUS U KyJbMmypHble OMCbIIKU. ObpauwjeHue K
KosiiekmusHolU namsmu Hapoda 0dem BO3MOXHOCMb Pe3KO YCUAUMb dpeyMeHmauutro U BbI38amb Y
ayoumopuu onpedesieHHble accoyuayuu. MNoaumuKku 4acmo anesiiupyrom K UCMOPUYEeCKUM COObIMUSIM,
HAYUOHA/IbHbIM CUMBOJIAM U BbICKA3bIBAHUSM U3BECMHbIX dessmesnel 015 eumumayuu cobcmaeHHoU
nosuyuu. ModobHbIe npuembl cnocobcmBYroOm YKpensieHuro asmopumema 20B0PAULE20 U NOBLILIAM
cmeneHb doBepus K coobuiaemol UHpopmayuu.

3akodeHue

Takum 06pasom, HA OCHOBE AHA/IU3A MAMEPUAssos NYOaUYHbIX BbICMYNaeHUl NOAUMUYECKUX
Oessmesiell pasHbIX CMPAH CMAHOBUMCSH OYEBUOHbIM, YMO JIEKCUKO-CMUAUCMUYeckue cpedcmaa
asasaomcss camol 0b6WUpHOU Yacmbro MexaHu3mMoB B030elicmaus. [ToumukK, Ybs pedb omu4aemcs
0cob0oU 3MOUUOHA/IbHOCMbIO U 3KCNPECCUBHOCMBbH), KOMOPBLIU HA JIeKCUYECKOM YPOBHEe UCNOJb3yem
bosibwe 3numemos, Memagop, NeKCUYECKUX NOBMOPOB U AHMUME3, d HA CUHMAKCUYeCKoM 4acmo
UCnosIb3yem 3mpamuyeckue KOHCMPYKUUU, CUHMAaxkcuyeckud napaanesu3m u UHBepCcuUro, Kak npasusio,
CMPemMumcs He MoJibKo K nepedade UHHOPMayuu, Ho U K YCUIEHHOMY SMOUUOHA/TIbHO-NCUXOI02UYECKOMY
B030elicmBuUr Ha ayoumopuro, opMupoBaHULO HEOHXOOUMO20 OUEHOYHO20 BOCNPUSMUS U NOBbLILIEHUIO
ybedumesibHOCMU NOIUMUYECKO20 BbICKA3bIBAHUS.

Kpome nepequcieHHbIx cpeocma A3bIKoBo20 8030edCmBUS B8 NOJUMUYECKOM U Meoduaduckypce
AKMUBHO UCNOJIb3YIOMCA U Opyeue MexaHus3Mbl MAHUNY/IUPOBAHUS O0bUWECMBEeHHbIM CO3HAHUEM,
Komopble Yycuiusarom npazmMamuyveckut nomeHyuads mekcma U @dopmMupyrom  Heobxooumoe
socnpusmue cobbimudi.

Cnedyem o02oBopumb, 4mo  3pPeKkmusHOCMb  S3bIKOBO20 B030eUCmBuUs  CYyuecmBeHHO
Bospacmaem B8 YC/OBUSX COUUabHOU HecmabusibHOCMU, KPU3UCHbIX cumyauuld U BbICOKOU
SMOUUOHA/IbHOU HANpaxéHHocmu obuwecmsd. B nodobHbIX YCc/1oBusax ayoumopus CMAaHoBuUmMcs
0Cc0beHHO BOCNPUUMYUBOU K SMOUUOHAJIbHO OKPAWeHHOU UHGopMayuu, Ymo 3Ha4umesibHoO ycuausaem
MAaHUNY/ISMUBHBIL NOMEHYUAs Meouaouckypca. VIMeHHO NO3MOMY COBPEeMeHHAasi NOUMUYecKas
KOMMYHUKAQUUSl  Xapakmepusyemcs BbICOKOU CMeneHbrd OUEeHOYHOCMU, 3KCNPeccusHocmu U
SMOYUOHAMU3ALUU.
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Abstract

The widespread use of short-range unmanned aerial vehicles has presented a structural crisis to
traditional air defense that is economic and operational rather than purely technical in nature. Cost-
exchange paradox — low-cost drones are met by high-cost kinetic missiles, leading to unviable fiscal
imbalances — have been largely responsible for increased attention to Directed Energy Weapons (DEWS),
and High Enerqy Laser (HEL) systems in particular. This paper claims that the HEL is an essential, albeit
not solely sufficient, defensive element of a hybrid, multi-layered approach to air defense. The "changing
paradigm” of the title, exists across three analytically distinct but interlinked dimensions; (1) economic,
as it reflects an inverse cost-exchange ratio which has previously given an advantage to defenders; (2)
strategic-legal, as normative vacancies are created in IHL and arms control regime's due to directed
energy weapons (being non-kinetic, dual-use) not yet accounted for, and (3) power-distributional, as HEL
technology effectively concentrates to a handful of developed industrial states (causing dependencies on
small states). UtilizingRobert Jervis'sofence-defense balance theory,Martin Shaw's risk-transfer
militarism, and liberal institutionalism, | assess the implications of the proliferation of DEW through
specific cases in the Russia-Ukraine War, Red Sea crisis, and Saudi Arabia's operational deployment of
Silent Hunter. | argue that DEW technology indeed reconfigures but does not end asymmetric threat
dynamics, and that an equal response is urgently needed at governance level.

Keywords: Directed Energy Weapons, Counter-UAV, Asymmetric Warfare, Offense-Defense
Balance, Cost-Exchange Ratio, Hybrid Defense Architecture, International Humanitarian Law, Risk-
Transfer Militarism

1. Introduction: The Economic and Strategic Rupture

The paradigm shift named in the title of this paper is not merely metaphorical. There are three
verifiable, empirically-testable changes that collectively characterize the redefinition of air defense for
the 2020s. These are: first, an inversion in the economics of air defense; that is, an opposite trend to the
one that dominated much of the twentieth century in which interceptor weapons systems were
significantly cheaper to produce than the threats they opposed. Second, an intrinsically incomplete legal-
normative framework for directed energy weapons during armed conflict. Third, the distribution-power
consequences of the co-proliferation of UAVs and DEWS is an asymmetric one that current international
security regimes have not yet adequately assessed.

The September 14, 2019 combined drone and cruise missile attacks against the Saudi Aramco
Abqgaiq and Khurais facilities temporarily disabled approximately 5.7 million barrels per day in oil
production-nearly half of Saudi Arabia's total daily output - in under an hour (Saudi Aramco, 2019). The
perpetrator of the attacks was a Houthis-aligned non-state actor equipped with readily available
platforms, event which fully crystallized a broader transformation that was underway: short range UAV's
were no longer peripheral military assets. Instead, they had become leading instruments for strategic
effect against vital state infrastructure.

Statistically, the scope of the transformation is clear. In September 2019 there were 95 active
military UAV programs; by March 2020, that number had increased to 102 (Gettinger, 2019, p. 19;
Gettinger, 2020, p. 1). The proliferation of commercially sourced UAVs through Turkey, China, and Iran,
subsequently fractured existing non-proliferation mechanisms and has led analysts to label a
"democratization of airpower” (Hammes, 2016). By 2025, at least forty countries have deployed active
armed UAVs according to Center for a New American Security (CNAS) estimates (Rai, 2025; Campbell,
2024, pp. 8, 11). Global drone strikes more than quadrupled between 2020 and 2024 from some 480
incidents to just under 20,000, according to analysis of Armed Conflict Location & Event Data project
data by Just Security (Spink, 2024). An estimated 10,000 drones are in use daily in Ukraine, which
attribute seventy percent of combat fatalities to strikes from the unmanned aircraft (Barotte, 2025).



XX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 19-20.05.2026

It is on the foundation of this empirical reality that this paper seeks to explore three research
questions, directly related to the three dimensions of paradigm shift discussed above. Firstly, how is the
offense-defense balance impacted by the use of HEL, and under what conditions is this balance a reliable
constant? Secondly, what lacuna does DEW proliferation create within the existing legal and normative
architecture of international law? Thirdly, what distributional power consequences arise from a
concentration of sophisticated DEW capabilities, and how ought this asymmetry be addressed?

2. Theoretical Framework Literature

The article draws on three theoretically convergent approaches. Each contributes by providing
analytical insight into a different aspect of the DEW-UAV interaction: material capacity, normative
construction and institutionalization.

2.1 Realism: The Offense-Defense Balance and the Security Dilemma

In a state's quest for enhanced security through a military advantage, the offensive-defense
balance theory asserts that when offensive military technology becomes comparatively less expensive
and more effective than its defensive counterpart, there is a greater propensity for conflict and the
deterrent value of military power diminishes (Jervis, 1978, pp. 186-214). The emergence of short-range
UAVs - readily available off-the-shelf, inexpensively mass-produced and increasingly sophisticated
regarding electronic counter-measures - has tipped the scales definitively toward offense (Jervis, 1978,
pp. 189, 199, 203-212). Evidence for the proliferation of UAVs is available from the second Nagorno-
Karabakh war through the current conflict in Ukraine and the civil war in Yemen (SIPRI, 2022). HEL
systems can thus be viewed as an intentional states-driven attempt to reverse the current offensive-
dominated cost balance and decrease the potential systemic pressures that the theory argues arise from
offensive superiority. The security dilemma does, however, come into play as a state employing DEWs to
achieve the intended defense-oriented result also implicitly develops technology for offensive disabling
attacks that may increase instability.

2.2 Constructivism: Risk-Transfer Militarism and the "Humane Warfare" Discourse

As counterpoints to techno-optimist descriptions of both UAVs and DEW, the concepts of risk-
transfer militarism, discussed at length by Martin Shaw, is instrumental (Shaw, 2005, pp. 1-2, 30-32, 54,
86). Shaw argues that there has been a concerted effort within Western military strategy to
depersonalize the human cost of combat and, while decreasing risks to deployed combatants via
precision-guided munitions, then shifting these risks to populations in targeted zones (Shaw, 2005, pp.
71-74, 87-91, 94-95). DEW counter-UAV systems embody this logic in that the laser operator remains
physically invulnerable at his hardened station whereas the human costs of the underlying conflict will
still impact the local populations of the area of engagement. This concept is directly applied within the
concluding policy sections. That DEW counter-UAV systems continue to be inserted into counter-
terrorism and border defense vocabularies without a change in their inherent problems regarding ethical
considerations and legal frameworks exacerbates the normalization of technological violence due to a
decrease in their visual presence to domestic audiences. As analyses from both CSIS and Just Security
clearly demonstrate, civilian deaths from UAVs have significantly increased despite a widespread
perception among domestic audiences that drone technology generally enables pinpoint accuracy with
minimal civilian casualties (Rumbaugh, 2024, Spink, 2024).

2.3 Liberal Institutionalism,Normative Deficit and Governance Shortcomings

Perhaps the most relevant implication of this analysis in institutional terms is the mismatch
between DEW-UAV technological development and the speed of multilateral governance responses.
While the primary multilateral relevant control regime governing delivery-systems is the Missile
Technology Control Regime (MTCR) - which operates on payload (over 500kg) and range (300km)
thresholds, and thus excludes most tactical kamikaze-drones (Gormley, 2008, pp. 146, 150, 154) - there
are no multilateral control mechanisms covering directed energy weapon usage. As noted by UN Special
Rapporteur Christof Heyns "there exists an open normative gap which multilateral soft law instruments
have yet to fill" in regards to the use of autonomous weapons systems and drones (Heyns, 2013, p. 13);
this is not just a technical but also a political problem, as states with an advantage in DEW-UAV
technology are unlikely to sign on to stringent controls over this technology.

3. The Economic Paradox and the DEW Imperative

The immediate push for DEWs stems from the collapse of cost-exchange sustainability of current
air defense systems. These systems were developed to combat high-speed and large-radar signature
targets such as fixed wing aircraft and ballistic missiles. Against low-radar signature, slow-moving drones
of less than 25 kg, these weapons systems are practically and financially unviable. The empirical data
from recent conflicts confirms this disparity. Drones estimated to cost approximately 52,000 USD per
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unit have been countered by U.S. Navy SM-2s priced at approximately S2 million USD, providing a 1:1,000
cost-exchange ratio for the attacking side (Rumbaugh, 2024, pp. 1-4; Spink, 2024). Iranian produced
Shahed-136 loitering munitions that cost anywhere between $20,000- 550,000 to build (Segura, 2022,
Kosoy, 2025, p. 2) were countered by NASAMS or Patriots that can range anywhere from 51-54 million
USD per shot (Rumbaugh, 2024). Table 1 provides these contrasts side by side.

Table 1: Cost-Exchange Ratio Asymmetries in Recent UAV Conflicts

Threat Platform Approx. Unit Cost Interceptor Used Interceptor Cost
(USD) (USD)

Houthi drone (Red Sea) ~52,000 SM-2 missile ~$2,000,000
Shahed-136 loitering munition 5$20,000-550,000 NASAMS / Patriot $1,000,000—

(Ukraine/Middle East) 54,000,000
FPV kamikaze drone (Ukraine) ~$400-51,000 MANPADS (minimum 520,000-550,000

capability)

Houthi drone (Red Sea) ~52,000 SM-2 missile ~52,000,000
Shahed-136 loitering munition 520,000-550,000 NASAMS / Patriot 5$1,000,000-

(Ukraine/Middle East) 54,000,000

This difference is not an artifact of accidental inefficiency. It is intentional, and offensive. This can
be characterized as a Cost-Imposition Strateqy where "the attacker does not need kinetic parity,; they
only need to maintain a state of offense sufficient to deplete the defender's interceptor inventory and its
financial resources over time" (Rumbaugh, 2024; Sayler et al,, 2024, pp. 5-6, 13, 21). The industrial
expression of this strategy in practice is evident in Ukraine's announced strategy to "produce one million
FPV drones a year through more than 200 manufacturers at home" (Dysa, 2023).

In this environment HEL weapons create an inverted cost structure. The British DragonFire laser
weapon system attacks targets at S10 per shot (around $12-13), while a comparable interceptor costs
S1.5million (around $2 million), with the "depth of magazine is effectively unlimited-in the electric power
supply rather than its physical magazine inventory of munitions” (Sengupta, 2024). This inversion of the
cost structure is the primary motivation for HEL weapons acquisition and constitutes the first dimension
of the paradigm shift this paper identifies.

4. Operational Systems: Capabilities and Comparative Status

Numerous great powers of military significance have moved their HEL counter-UAV systems from
concept development to deployment or further testing (Sayler et al., 2024, pp. 5-19).

United States: The U.S. Navy's HELIOS (High Energy Laser with Integrated Optical-dazzler and
Surveillance) is a multi-mission maritime air defense directed energy system for deployment on naval
platforms, while the Army’s DE M-SHORAD (Directed Enerqy Maneuver Short-Range Air Defense) serves
the ground-mobile forward-deployed counter-UAV mission. THOR (Tactical High-Power Operational
Responder) and CHIMERA provide HPM alternatives with the capability to provide an area-effect
engagement against drone swarms (Sayler et al., 2024, pp. 9-17).

United Kingdom: DragonFire is a joint MBDA, Leonardo and QinetiQ project, and live-fire trials
completed in 2024 showed the ability to strike a coin sized target at kilometric range (Sengupta, 2024).

Israel: The Iron Beam system (Rafael Advanced Defense Systems) is part of the lowest tier of Israel’s
layered air defense system and is specifically designed to engage short-range threats that have a high
cost of engagement beyond the economics of Iron Dome. Israeli defense sources stated in 2025 that high-
power laser prototypes have been utilized in operational capacity in live firing to neutralize drone threats
(Frantzman, 2025).

Saudi Arabia: Saudi Arabia purchased and deployed Chinese Silent Hunter system (Poly
Technologies) after the Abqgaiq attack, a 30-100 kW fiber-laser system with a reported engagement
range of 4 kilometers (U.S. Army Operational Environment Watch, 2022). With at least eight units in the
Saudi order of battle, the acquisition represents the first large-scale operational deployment of a HEL
system for critical infrastructure point defense, while operationally demonstrated the system's
atmospheric and thermal management shortcomings in the desert environment-providing a
technorealist case against sole-system reliance.

Turkey: Turkey is undertaking development of its own indigenous LSS (Laser Savunma Sistemi) and
ARMOL directed energy counter-UAV programs, an aspect of the broader national effort to develop its
defense industrial base, emphasizing sustained-fire capabilities with a very low cost per shot (Savunma
Sanayi, 2021; TSKGV, 2025).5. The Emergence, Evolution, and Institutional Characteristics of BRICS

5. Operational Constraints: The Techno-Realist Assessment
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Using a techno-realist framework (understanding the strengths and weaknesses without bias for
either pessimism or optimism), there are four fundamental constraints to the use of HEL systems as
autonomous solutions (Shenk, 1997, pp. 9-10, 162-163; Sayler et al., 2024, pp. 15-19).

The most immutable physical constraint is the atmospheric degradation of energy delivery. Laser
beams are attenuated, scattered, and can undergo thermal blooming as they traverse atmospheric
conditions of rain, fog, dust, smoke, and high-humidity environments. Those operational environments
most relevant to this analysis-Eastern Ukraine, the Red Sea maritime corridor, and the Saudi Arabian
desert- all face significant atmospheric challenges. This became acutely apparent with the Saudi Arabian
deployment of the Silent Hunter; the system was eventually combined with the J1101 counter-drone
Jjammer precisely because laser effectiveness alone failed to perform due to the dust and heat haze (U.S.
Army Operational Environment Watch, 2022).

Power supply and logistics create a second operational limitation. A 100-kW laser requires 525-
530 kW of electrical input due to conversion inefficiencies, converting 425-430 kW of input power to
waste heat to be evacuated on an immediate basis (Gunzinger, 2012, pp. 34, 105-106). This limitation is
not challenging in fixed site installations. It is in a forward, expeditionary context that the requirements
for power generation, cooling systems, and sustainment logistics impede tactical mobility-the
environment in which counter-UAV systems are most needed.

The requirement for a serial engagement geometry produces the third and most tactically specific
vulnerability. Laser systems target targets in series; one beam and one target are engaged and then the
laser may not re-acquire the same target in less than several seconds. Thus, a coordinated swarm of
twenty simultaneous incoming threats from all vectors may exhaust the temporal capacity of a single
laser battery; at four seconds per target engagement, only 7-8 threats would be destroyed before the
remainder reached their objectives (Gunzinger, 2012; Pettyjohn & Campbell, 2025). This bottleneck does
not apply to a salvo-fired set of interceptors.

The final dynamic constraint comes from adversarial countermeasure development. As noted by
RUSI, the common UAV platform now increasingly possesses Controlled Reception Pattern Antenna
(CRPA) technology, Inertial Navigation System (INS) navigation, and Machine Vision-guided autonomous
terminal phase navigation completely independent of GPS or operator data links (Bronk et al., 2022, pp.
5-15, 32-40). In addition to CRPA/INS/Al, adversaries are developing ablative coatings, reflective
surfaces, and rotor/airframe designs that promote spinning of airframes and are resistant to laser energy
absorption (Kopp, 2008). This adversarial nature mirrors classical offense-defense dynamics in which
countermeasures and counter-countermeasures vie in perpetual technological competition.

6. International Legal Framework: The Grey Zone Problem

The international legal status of anti-drone HEL systems is the second dimension of the paradigm
shift this paper seeks to identify. Three interconnected legal gaps exist within current frameworks and
these have not been resolved by multilateral efforts thus far.

The main instrument relevant here is Protocol 1V of the Convention on Certain Conventional
Weapons of 1980 which bans laser weapons designed to inflict permanent blindness on enemy fighters
(International Committee of the Red Cross, 1995). This article does not apply directly to anti-material
HEL systems where the stated intended purpose is the destruction of the airframe and electronics of a
UAV. The operational instability of the distinction between 'anti-material’ versus ‘anti-personnel’
functioning, however, undermines the applicability of Protocol IV to these anti-material weapons. The
same laser device with altered power settings, which is designed to destroy a UAV airframe or electronics,
can cause permanent eye injury to unintended combatants that happen to be within its line of sight of
the battlefield (U.S. Department of Defense, 2023, pp. 346, 351-352, 420-422).

The inherent custom IHL rule of proportionality further complicates the legal regime. Although
Article 3 of Protocol IV states that incidental eye injury resulting from the use of laser systems is
permissible, this does not absolve commanders from the requirement to engage in a proportionality
analysis under Additional Protocol I. Where a given laser engagement in a mixed civilian/combatant area,
or a highly concentrated urban setting, may foreseeably injure eyes of civilian non-combatants, a
commander's judgment would have to consider that foreseeable damage to humans, balanced against
anticipated military benefit. The ICRC weapons review guidelines on whether a new weapon system
causes superfluous injury or unnecessary suffering under ordinary military operation, though developed
during the last century and more recent years, have not resulted in any definitive determination with
regard to counter-drone HEL systems (International Committee of the Red Cross, 2003).

The final legal gap concerns autonomous targeting and meaningful human control. As Al driven
target recognition systems increasingly demonstrate near and full autonomous decision making
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capability for engaging targets in counter-UAV operations, human control over individual targeting
decisions becomes practical question under international law. Heyns (2013) raised this normative gap in
respect to these weapons even before these current generation systems reached operational use and
that gap is even wider today with further development. Current soft law (ICRC guidelines, Group of
Governmental Experts on Lethal Autonomous Weapons) has not established explicit binding limitations
on weapon autonomy or on appropriate levels of human control.

7. Power Distribution, Dependency, and the Qualitative Arms Race

The equal simultaneous proliferation of UAVs and counter-UAV laser systems will not yield equal
strategic effects throughout the system-which represents the third dimension of the paradigm shift that
this paper aims to explore. Cheap commercial drones may possess true offensive asymmetric capability,
for any state with shallow pockets, and herein lies the equalizer dimension of the proliferation story. But,
effective HEL countermeasures are dependent upon the availability of precision optics manufacturing
capabilities, sensitive optical components, rare earth metals, and sophisticated power management
engineering-in most cases concentrated in the US, the UK, Israel, China, and few others (Sayler et al.,
2024, pp. 1-2, 20-22; International Institute for Strategic Studies, 2024, pp. 8, 68, 209).

This structural asymmetry yields a new type of strategic dependency, explained by Shaw's risk-
transfer paradigm. States that receive HEL weapons from producers on a sales basis obtain defensive
capabilities but also subordinate their defense systems to foreign supply chains, update schedules, and
diplomatic connections. Risk transfers from the producer to the recipient include interference with supply
chains, limited updates to software, and the use of technology transfer as a lever to ensure policy
compliance (Campbell, 2024, pp. 6-7). Such a dependency model existed for prior weapons systems
transfers, but directed energy systems create a unique situation as they are more sensitive to changes at
the component level than traditional weapons and, accordingly, are far more difficult to reverse-
engineer.

Systemically, the arms competition that we have already entered is therefore not merely
quantitative in nature, as described so vividly by Rose and Levantovscaia (2024): "The drones may be
small, but the arms race they are creating will not be." It encompasses Al target acquisition, EW
hardening, power management, directed-enerqgy delivery (for offense and defense alike), and
qualitatively represents a transformational development that traditional balance metrics can no longer
define (International Institute for Strategic Studies, 2024).

8. Toward a Hybrid Defense Architecture: Policy Implications

The empirical findings and analytical discussion support three mutually reinforcing policy
conclusions which correspond to one dimension of the paradigmatic shift identified in this paper.

Firstly, hybrid multi-layer architecture is the only functionally sufficient solution to the economic
and temporal engagement constraints mentioned above. No single class of systems adequately addresses
the full spectrum of threats. This architecture assigns each type of system to the class in which its
comparative advantage is maximized: HEL systems for high-density, lower value drone engagements in
which cost-effectiveness is paramount, kinetic interceptors for strategic-tier threats for which the range
and certainty-of-kill requirements exceed the capability limits of lasers, and EW for upstream disruption
of drone swarms prior to physical engagement. Both Israel’s fielded Iron Dome / Iron Beam combination,
and the US Integrated Air and Missile Defense (IAMD) structure demonstrate a complementary logic
(Sayler et al., 2024, pp. 17-19). Critically, this is not solely an argument of systems procurement; rather,
it is a doctrinal argument in which operators must guard against organizational preference for
monocultural technology dependence despite its political appeal.

Secondly, international legal frameworks must be restructured to account for the normative
vacuums identified. The CCW Protocol IV prohibition needs a formal multilateral interpretation
specifically addressing (a) anti-material HEL systems in counter-UAV use, (b) incidental blinding risk
assessment under proportionality, and (c) autonomous targeting thresholds for Al-integrated DEWs. A
new CCW Group of Governmental Experts mandate on directed energy weapons in armed conflict is a
minimum institutional step. Concurrently, MTCR and Wassenaar Arrangement provisions need
refinement to cover the small tactical UAVs below the current payload and range thresholds, which drive
the asymmetry. (Gormley, 2008, Heyns, 2013).

Thirdly, and directly relating to Shaw’s concept of risk-transfer, there needs to be a process to
address the dependency asymmetry between the DEW-producing and importing states. Through
technology transfer mechanisms, capacity-building programs, and inclusive multilateral governance
mechanisms, developing world state actors will influence the direction of next-generation proliferation
(Campbell, 2024, pp. 6-7; Rose & Levantovscaia, 2024). Failing to do so means that DEW-induced "risk



XX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 19-20.05.2026

transfer” would occur not just within the battlefield, but between states, where producers could use
withholding or denial of weapons systems as tools of diplomacy.

9. Conclusion

The diffusion of low-cost, short-range UAVs has created an actual strategic problem for traditional
air defense. The economic disparity between cheap drone and expensive interceptor is factual,
measurable, and has real operational consequences. Directed Energy Weapons counter the strategic
problem by targeting the economic paradox fundamentally, by switching the munition out of an
electrical state, and into a state where cost-exchange sustainability is returned to the defensive side of
the ledger. It is an important strategic-military-technical change that the international security
community can ill afford to ignore.

And yet the evidence presented in this paper resists a deterministic understanding of technology
solving strategic problems. Atmospheric effects, sequentially derived engagement geometries, power
supply issues, and the continuous adversarial struggle against countermeasure developments mean that
HEL systems will be complementary to kinetic and electronic warfare capabilities, not a replacement for
them. The transformation that is occurring is real, but multifaceted: it is an economic reversal (balance
restored), a normative shift (a governance gap revealed), and a power-distributional reordering
(advanced capability becomes more concentrated, dependence increases).

Shaw's risk-transfer logic, which I refer to in this conclusion for the final time, best frames the
future strategic dilemma. The increasing normalized employment of DEW systems in the context of
counter-UAV will further fuel adoption of the weapons well beyond the specific contexts for which
current operational analysis shows that their effectiveness can be documented, primarily through the
allure of low cost, no friendly civilian risk, and the idea of precision war fighting. As "humane war"
narrative proliferates around these laser systems, harm caused by armed conflict will not be reduced, but
instead made more opaque, less politically costly for initiating states, and therefore more difficult for
international institutions to regulate. In short, a world of proliferation of directed enerqy weapons
without appropriate governance structures is not a more stable one, but a world characterized by rapid
motion, technological complexity, and the institution's incapacity to respond.
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Abstract

This paper develops a simplified heat-balance model of a room- or oven-type thermal system and
investigates two different control strategies for its temperature regulation: a conventional hysteresis-
based ON/OFF thermostat controller and a fuzzy-logic-based controller. The models are implemented in
MATLAB/Simulink, and simulations are carried out under several scenarios, including step changes in the
reference temperature and disturbances caused by variations in ambient temperature, in order to
qualitatively evaluate transient and steady-state performance indicators such as overshoot, settling
behavior, and steady-state error. The results indicate that, although ON/OFF control is simple and
inexpensive, it maintains the temperature only within a hysteresis band and produces noticeable
oscillations, whereas a properly designed fuzzy controller adjusts the heater power gradually within the
range 0-1, yielding a smoother transient response and a temperature that remains closer to the desired
setpoint. The proposed approach highlights the potential advantages of fuzzy control in improving
comfort and possibly energy usage in domestic and industrial temperature regulation applications, and
it motivates further research on more detailed thermal models and optimized fuzzy control structures.

Keywords: Temperature control; ON/OFF control; fuzzy logic; MATLAB/Simulink; thermal model

Introduction: Accurate temperature control is a fundamental requirement in many engineering and
everyday applications, including room climate control, industrial furnaces, and household heating
systems (Astrém & Murray, 2010, pp. 1-3). Effective regulation of thermal processes has a direct impact
on energy consumption, product quality, and user comfort, which makes the design of robust and
efficient control strategies a practically important problem (Dincer & Rosen, 2020, pp. 5-8). In practice,
relatively simple controllers are often preferred if they are reliable, easy to implement, and do not require
detailed mathematical models of the plant (Bequette, 2003, pp. 3-6).

In many temperature regulation tasks, the most common solution is still the conventional binary
on/off controller, as used for example in domestic thermostats and basic industrial heaters (Astrém &
Murray, 2010, pp. 23-24). Such controllers switch the actuator fully on when the temperature drops
below a predefined lower bound and fully off when it exceeds an upper bound, typically with a hysteresis
band to reduce chattering (Bequette, 2003, pp. 287-289). While this approach is attractive due to its low
cost and simplicity, it inherently operates only in two extreme modes and therefore cannot generate
smooth control actions. As a result, binary control often leads to noticeable temperature oscillations
around the setpoint, increased actuator wear due to frequent switching, and, in many cases, sub-optimal
energy usage (Astrém & Murray, 2010, pp. 23-25; Bequette, 2003, pp. 289-291).

These limitations become more pronounced in systems with nonlinear dynamics, significant time
delays, or strong and time-varying external disturbances, where a purely threshold-based strateqy cannot
effectively compensate for process uncertainties (Bequette, 2003, pp. 292-295). In such situations, more
flexible control approaches are desirable to improve overshoot, settling time, and steady-state accuracy
while maintaining robustness. This need has motivated the use of advanced control methods, including
fuzzy logic control, for temperature regulation problems (Driankov, Hellendoorn, & Reinfrank, 2013, pp.
1-4).

Fuzzy logic, introduced by Zadeh (1994), provides a formal framework for representing and
manipulating imprecise and linguistic knowledge, such as “slightly cold”, “comfortable”, or “too hot”,
rather than relying solely on precise numerical descriptions. In fuzzy control systems, expert knowledge
is encoded in the form of if-then rules, and the controller output is obtained through fuzzification,
inference, and defuzzification steps (Driankov et al,, 2013, pp. 15-21). This structure allows fuzzy
controllers to handle nonlinearities, uncertainties, and measurement noise in a natural way and makes
them especially suitable for systems where accurate mathematical models are difficult or expensive to
obtain (Mendel, 2017, pp. 5-9).
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In the context of temperature regulation, fuzzy logic controllers have been shown to produce
smoother control actions and reduced oscillations compared to conventional on/off strategies, because
the control signal can take intermediate values instead of only two extreme states (Driankovetal., 2013,
pp. 95-99). By combining error information (difference between the actual and reference temperature)
and, if necessary, its rate of change in a rule base, a fuzzy controller can adjust the heating power in a
more gradual way, which improves comfort, may decrease overshoot, and can lead to more efficient
energy usage (Mendel, 2017, pp. 125-129). Furthermore, fuzzy controllers are relatively easy to tune at
a conceptual level, since their rules are formulated in linguistic terms that are close to human reasoning
(Zadeh, 1994, pp. 77-80).

The main aim of this study is to design a fuzzy-logic-based temperature control system and to
compare its performance with a conventional binary (on/off) controller on a selected thermal object,
such as a room or oven model. To achieve this aim, the following objectives are formulated:

e to develop a simple mathematical model of the temperature dynamics based on a heat balance,

e toimplement a traditional on/off controller with appropriate thresholds and hysteresis,

e to construct a fuzzy controller by defining suitable input and output variables, membership
functions, and a rule base, and

e toperform simulations of both controllers in an environment such as MATLAB/Simulink or a fuzzy
toolbox and evaluate key performance indicators including overshoot, settling time, steady-state error,
and energy usage (Bequette, 2003, pp. 287-295; Driankov et al., 2013, pp. 95-103).

The object of this research is a thermal system with a controllable heating element and heat
exchange with the environment, which may represent, for example, a heated room or an electric oven.
The subject of the research is the set of control algorithms applied to this system, namely the
conventional binary on/off strateqy and the fuzzy logic-based temperature controller. By systematically
analyzing the behavior of both controllers under different reference temperature scenarios and
disturbance conditions, the study aims to highlight the practical advantages and limitations of fuzzy logic
control in temperature regulation and to formulate recommendations for its use in real-world
applications (Mendel, 2017, pp. 131-135).

Chapter I. Theoretical foundations

1.1. General structure of temperature control systems

Temperature control systems are typically implemented as closed-loop feedback systems in which
the measured temperature is continuously compared with a reference value (Astrém & Murray, 2010, pp.
1-3). The main elements of such systems are the thermal object (room, oven, furnace), a temperature
sensor, a controller, and an actuator responsible for supplying or removing heat (Bequette, 2003, pp. 1-
3). The sensor converts the physical temperature into a signal that can be processed, the controller
computes a control action based on the error between the reference and measured temperatures, and
the actuator translates this action into heat input or extraction.

In many applications, the thermal dynamics are relatively slow and can be approximated by low-
order models whose dominant time constants are determined by heat capacity and heat-transfer
coefficients (Bequette, 2003, pp. 33-36). Nevertheless, practical systems also exhibit nonlinearities,
disturbances, and time delays, especially when operating conditions change over a wide range. Such
characteristics make temperature control a useful benchmark for evaluating both conventional and
intelligent control methods (Astrém & Murray, 2010).

The fundamental objective of a temperature control system is to maintain the process temperature
close to the desired setpoint while satisfying constraints on overshoot, settling time, and steady-state
accuracy (Bequette, 2003, pp. 3-6). At the same time, energy efficiency and actuator wear must be
considered, particularly in long-term operation. These requirements explain why different control
strategies-from simple ON/OFF to advanced fuzzy controllers-are investigated for thermal processes.

1.2. Principle and limitations of binary (ON/OFF) control

Binary (ON/OFF) control is one of the simplest control strategies and is widely used in thermostatic
temperature requlation (Astrém & Murray, 2010, pp. 23-24). The basic principle is straightforward: when
the measured temperature is below a certain threshold, the heater is switched fully on; when it is above
another threshold, the heater is switched fully off. To avoid excessive switching due to small fluctuations,
a hysteresis band between the lower and upper thresholds is usually introduced (Bequette, 2003, pp.
287-289).

The main advantages of ON/OFF control are its simplicity, low cost, and the fact that it does not
require a detailed mathematical model of the controlled object (Astrém & Murray, 2010, p. 2). This makes
it attractive for domestic heating systems, water heaters, and other low-cost applications. Because the
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actuator is either fully on or fully off, implementation can rely on simple relays or contactors and can be
easily understood and adjusted by non-experts (Bequette, 2003).

However, the discrete nature of ON/OFF control leads to inherent limitations. Since the controller
can only apply two extreme control values, the temperature typically exhibits oscillations around the
desired setpoint rather than converging smoothly to it (Astrém & Murray, 2010, pp. 23-24). The
amplitude and frequency of these oscillations depend on the thermal inertia, the hysteresis width, and
the disturbance conditions. This behavior is often referred to as a limit cycle and is an unavoidable
consequence of the switching nature of the controller (Bequette, 2003, pp. 287-291).

Frequent switching can also increase mechanical wear on actuators and may reduce their lifetime,
particularly when power switching is performed by electromechanical devices (Bequette, 2003). In
systems with significant delays or strong nonlinearities, ON/OFF control can produce large overshoot
and slow settling, and it may be difficult to choose a hysteresis band that simultaneously guarantees
comfort and energy efficiency. As a result, while binary control is adequate for simple tasks, it often fails
to meet modern requirements for high precision and optimized energy usage in more demanding
temperature regulation problems (Astrém & Murray, 2010; Bequette, 2003).

1.3. Basic concepts of fuzzy logic and fuzzy control

Fuzzy logic was introduced to formalize reasoning with vague and imprecise concepts by allowing
variables to take values between 0 and 1 rather than just 0 or 1 (Zadeh, 1994). This framework replaces
sharp set boundaries with fuzzy sets, in which each element has a degree of membership that reflects
how strongly it belongs to a given concept, such as “cold,” “warm,” or “hot.” Such representations are
particularly useful in control problems where human perception and linguistic descriptions are naturally
imprecise.

In fuzzy control, expert knowledge about how a system should be controlled is expressed in the
form of linguistic IF-THEN rules, for example, “If the temperature is cold, then increase the heating power”
(Driankov, Hellendoorn, & Reinfrank, 1996, pp. 3-5). A typical fuzzy controller consists of four main
components: fuzzification of the inputs, a rule base, an inference mechanism, and defuzzification of the
output (Driankov et al., 1996, pp. 21-24). During fuzzification, crisp input values such as temperature
error or error change are transformed into fuzzy values via membership functions. The inference
mechanism evaluates the rules and combines their results, and then defuzzification converts the
aggregated fuzzy output into a crisp control command, such as a heating power level.

Fuzzy controllers are therefore a class of knowledge-based controllers that use fuzzy logic and
simple reasoning rules to compute appropriate control actions (Driankov et al., 1996, p. 1). They can be
used as stand-alone controllers or in combination with conventional controllers in many industrial and
consumer applications. The main motivation for using fuzzy control is that it does not require an exact
mathematical model and can handle nonlinearities and uncertainties more naturally than many classical
methods (Zadeh, 1994; Driankov et al., 1996).

In temperature regulation, fuzzy controllers can represent human concepts such as “slightly cold”
or “too hot” and convert them into smooth control actions, which reduces oscillations and improves
comfort compared with the binary ON/OFF strateqy. This ability to produce intermediate control values
helps to avoid the sharp switching typical of simple thermostats and can improve both the dynamic
response and enerqy efficiency of the system.

1.4. Brief literature review

Classical control literature describes the structure of feedback systems and the behavior of simple
temperature controllers, including thermostatic ON/OFF strategies (Astrém & Murray, 2010; Bequette,
2003). These sources provide the foundation for modeling thermal processes and highlight the benefits
and drawbacks of binary control, such as its simplicity and the tendency to produce limit cycles around
the setpoint.

Fuzzy control has been systematically developed in books such as An Introduction to Fuzzy Control,
which presents fuzzy controllers as a class of knowledge-based controllers with origins in fuzzy logic and
describes their use in industrial process control and consumer products (Driankov et al., 1996, pp. 1-4).
These studies emphasize that fuzzy control is not purely ad hoc and that formal techniques exist for the
analysis and design of fuzzy controllers. At the same time, they demonstrate that fuzzy controllers can
be implemented even when detailed expert knowledge or precise models are not available (Driankov et
al,, 1996, pp. 1-2).

Together, these works show that ON/OFF control, while widely used and easy to implement, has
inherent limitations in terms of accuracy and efficiency, whereas fuzzy control offers a more flexible
framework that can better handle nonlinearities and uncertainties in temperature regulation. This
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motivates the present study, which aims to compare a fuzzy-logic-based temperature controller with a
conventional binary controller on a common thermal system.

Chapter Il. Temperature object model and control algorithms

2.1. Mathematical model of the selected temperature object

For the purposes of this study, the controlled object is represented by a simplified room-heating
model based on a lumped heat balance. In this approach, the room is treated as a single thermal mass
with uniform temperature, and the temperature dynamics are described by the balance between supplied
heating power and heat losses to the environment (Bequette, 2003).

This simplified representation is appropriate for comparative simulation because the objective of the
study is not to reproduce every physical detail of a real building or oven, but to evaluate the relative
performance of two control strategies under the same dynamic assumptions.
A standard first-order thermal model can be written as:
dT(t

¢ 2 0,0 - k(@) - Tu(e)
where T(t) is the temperature of the controlled space, T,(t) is the ambient temperature, C is the
equivalent thermal capacitance, K is the overall heat-loss coefficient, and Q;,(t) is the heat supplied by
the heater.

This equation reflects a simple physical interpretation: the temperature rises when the input heat
exceeds thermal losses and falls when the losses dominate. Such low-order thermal descriptions are
consistent with standard process-control modeling practice and are sufficient for controller comparison
studies (Bequette, 2003).

If the heater is assumed to operate with a normalized power u(t) in the interval [0,1], then the

input heat can be written as

Qin(t) = Qmaxu(t)
where Qmax is the maximum heater power. Substituting this relation into the heat-balance equation gives
dT(t) _ Qmax K
= e u(t) = = (T(0) = Ta(®)
This form is convenient for simulation in MATLAB/Simulink because the parameters Qumax/C and

K /C directly determine the speed of heating and cooling. This formulation also makes it easy to include
disturbances, such as a change in outdoor temperature, by varying T, (t) during simulation.

Although this model is intentionally simple, it is adequate for the present study because both the
binary and fuzzy controllers are tested on the same plant. In other words, the goal is comparative
consistency rather than full physical fidelity. A more detailed model with walls, windows, and multiple
thermal masses could be used later, but it would not change the main methodological comparison
between abrupt switching control and gradual fuzzy control (MathWorks, 2024).

2.2. Conventional binary control algorithm

The conventional controller considered in this study is an ON/OFF controller with hysteresis. This
controller is selected because it is widely used in thermostat-based systems and represents the most
common low-complexity solution for temperature regulation (Astrém & Murray, 2010, Bequette, 2003).
Its operation is based on two threshold values around the desired temperature Ty a lower switching
threshold and an upper switching threshold.

Let the hysteresis half-width be denoted by h. Then the controller can be defined as follows:

1, T(t) < Trer— h,
u(t) =40, T() = Treft+ h,
u(t™), Tef—h<T(t)<Te+h
whereu(t™) denotes the previous control state. This rule means that the heater turns fully on when the
temperature falls below the lower bound, turns fully off when the temperature rises above the upper
bound, and otherwise keeps its previous state.

The use of hysteresis prevents rapid switching near the setpoint and makes the controller more
practical for implementation in real devices. The main benefit of this algorithm is its implementation
simplicity. It does not require parameter identification beyond selecting the hysteresis band and can be
realized with very limited computational resources.

However, its output is always discontinuous, and for that reason the room temperature does not
settle smoothly at the reference value; instead, it oscillates within a band determined by the system
inertia and the switching thresholds (Bequette, 2003). This property makes the ON/OFF algorithm a
useful baseline controller for comparison with fuzzy control.
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2.3. Design of the fuzzy control system

The fuzzy controller is designed to provide a smoother heating action than the binary controller by
using linguistic control rules rather than hard switching thresholds. In the proposed structure, the
controller input variables are the temperature error

e(t) = Trr—T(1)

Ae(t) = dz(tt)

while the output variable is the heater control signal u(t). This choice is standard in fuzzy
temperature control because the error indicates how far the current temperature is from the target,
whereas the error-change term reflects the direction and speed of the response (Driankov, Hellendoorn,
& Reinfrank, 1996).

For the input variable e(t), a typical linguistic partition may include five fuzzy sets: Negative Large,
Negative Small, Zero, Positive Small, and Positive Large. The variable Ae(t) can be described using a
similar structure. The output variable u(t), representing heater power, may also be partitioned into
linguistic levels such as Very Low, Low, Medium, High, and Very High. In implementation, these fuzzy sets
are represented by membership functions, usually triangular or trapezoidal for simplicity and
interpretability, although Gaussian functions may also be used in some environments (Driankov et al.,
1996).

The core of the controller is the fuzzy rule base. A typical set of rules for heating control may
include statements such as:

e If error is Positive Large and error change is Positive Small, then control output is Very High.

e If error is Positive Small and error change is Zero, then control output is Medium.

e [ferror is Zero and error change is Zero, then control output is Low or Medium.

e [ferror is Negative Small, then control output is Very Low or Zero.

These rules mimic the reasoning of a human operator: when the room is much colder than desired,
heating should be strong; when the temperature is close to the target, heating should be moderate; and
when the room becomes warmer than desired, the heater power should be reduced.

The inference stage combines the activated rules, and the final crisp output is obtained through
defuzzification, commonly by the centroid method in Mamdani-type systems or by weighted output
evaluation in Sugeno-type systems (Driankov et al., 1996).

This design gives the fuzzy controller an important practical advantage: unlike the ON/OFF
controller, it can produce intermediate heating values between 0 and 1 instead of only two extreme
states. That feature reduces abrupt switching and allows the system to approach the reference
temperature more gradually. In comparative simulations, this usually leads to reduced oscillation and
improved comfort, even when the underlying thermal model remains simple (MathWorks, 2024).

2.4. MATLAB/Simulink block representation

The two controllers can be implemented and compared in MATLAB/Simulink using the same plant
model and disturbance scenarios. For the thermal object, the differential equation of the room or oven
can be represented by standard blocks such as gain, sum, transfer-function, and integrator blocks. The
ambient temperature can be included as an external disturbance input, and the measured output
temperature is fed back to the controller. This arrangement creates a closed-loop simulation model
suitable for evaluating reference tracking and disturbance rejection.

For the binary controller, the Simulink implementation is straightforward. It can be realized by
comparing the measured temperature with upper and lower thresholds and using logical blocks or
custom switching logic to maintain hysteresis. MathWorks and engineering examples also describe
thermostat-like implementations with deadband or custom switching logic for this purpose.

For the fuzzy controller, MathWorks documentation explicitly states that fuzzy inference systems
can be implemented in Simulink using the Fuzzy Logic Controller block and related fuzzy-control blocks
(MathWorks, 2024). In the house-heating example, MathWorks presents a Simulink diagram in which a
fuzzy controller evaluates inputs and regulates heater power to maintain room temperature within a
comfort zone; it also notes that the heating model includes a heater, a house structure, and temperature
feedback from sensors (MathWorks, 2024). The same documentation explains that Simulink supports
both a standard Fuzzy Logic Controller block and a Fuzzy PID Controller block for thermal-control
applications such as shower temperature and house heating (MathWorks, 2024).

Therefore, the block scheme used in this study can be described as follows: reference temperature
—s error calculation — controller block (ON/OFF or fuzzy) — heater model — thermal plant — measured

and the rate of change of the error
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temperature feedback. In the fuzzy version, the controller block internally contains fuzzification, rule
evaluation, and defuzzification. In the ON/OFF version, the controller block contains threshold
comparison and hysteresis logic. Using the same plant and disturbance signals for both models ensures
that the comparison is methodologically fair and that performance differences can be attributed
primarily to the control strategy rather than to changes in the plant model.

Chapter Ill. Simulation results and comparison

3.1. Experimental scenarios

To compare the two control strategies under identical conditions, the simulations were carried out
on the same thermal plant model using several reference and disturbance scenarios. The first scenario
considered a step change in the reference temperature, which was used to evaluate the tracking ability
of each controller and to observe the transient response after a sudden change in the desired
temperature. The second scenario introduced external disturbances through changes in ambient
temperature, which allowed the robustness of the controllers to be examined under more realistic
operating conditions (MathWorks, 2024).

A practical simulation setup for this type of study typically includes at least two reference values,
for example an increase from a lower comfort temperature to a higher one and a later decrease back to
the original value. Such a design makes it possible to evaluate both heating acceleration and temperature
recovery behavior. In addition, an outdoor temperature variation or a heat-loss disturbance can be
introduced into the plant model to imitate environmental changes affecting the room or oven. This
approach is methodologically consistent with published thermal-control studies, where the controller is
tested under both setpoint changes and varying external conditions rather than under a single constant
reference (Subramaniam et al., 2023).

The chosen scenarios are sufficient for comparing the dynamic behavior of binary and fuzzy control
because they reveal the most important practical characteristics of each method: tracking speed,
oscillation behavior, disturbance rejection, and stability of the temperature around the desired setpoint.
For this reason, the simulation discussion in this chapter focuses on overshoot, settling time, steady-state
behavior, and qualitative energy-use implications rather than only on visual graph interpretation.

3.2. Results for binary control

The simulation results for the binary ON/OFF controller show the expected oscillatory behavior
around the reference temperature. Because the control signal can only take two values, the heater
repeatedly switches between full activation and complete shutdown, which causes the temperature to
fluctuate within a band around the desired value rather than settling smoothly at it (Bequette, 2003;
Astrom & Murray, 2010). When hysteresis is included, the controller avoids excessive chattering, but the
oscillatory nature of the response remains and becomes one of the defining features of the closed-loop
behavior. This interpretation is strongly supported by thermostat-hysteresis literature, which explicitly
notes that hysteresis keeps temperature within a band and reduces constant on/off switching rather
than eliminating fluctuation entirely.

In the reference step scenario, the binary controller usually drives the temperature toward the
target quickly at first because full heater power is applied whenever the system is below the lower
threshold. However, once the temperature approaches the desired region, the abrupt switching action
produces repeated overshoot and undershoot. As a result, the settling process is not smooth and the
effective settling time may be longer than it appears from the first rise of the response, since the
temperature continues to oscillate around the setpoint before remaining within an acceptable tolerance
band. In practical terms, this means that binary control can seem fast in initial reaction but less
satisfactory in precision.

Under disturbance conditions, such as changes in ambient temperature, the same switching logic
remains active and again forces the system to compensate through full ON and full OFF actions. The
controller can still maintain the temperature within an acceptable range, but this usually comes at the
cost of repeated switching and a broader fluctuation envelope. Therefore, the binary strategy is
functionally adequate but dynamically coarse. Its main strengths are simplicity and easy implementation,
whereas its main weaknesses are oscillatory response, limited precision, and potentially higher actuator
stress over long operation periods (Bequette, 2003; Astrém & Murray, 2010).

3.3. Results for fuzzy control

The fuzzy controller produces a smoother transient response because the control action is adjusted
gradually according to the magnitude of the temperature error and its rate of change. Instead of
switching abruptly between two extreme states, the fuzzy system can generate intermediate heating
levels, which allows the plant temperature to approach the reference more progressively (Driankov,
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Hellendoorn, & Reinfrank, 1996). In the Simulink-based house-heating example provided by MathWorks,
fuzzy inference is explicitly used to regulate heater power level in the range [0,1][0,1], which directly
supports this gradual-control interpretation (MathWorks, 2024).

In step-reference simulations, the fuzzy controller generally reduces overshoot and shortens the
visually perceived stabilization process because it begins to moderate the heating action before the
temperature reaches the target. This leads to a smoother temperature curve and fewer sustained
oscillations around the setpoint compared with binary control. The same general behavior is also
consistent with recent fuzzy HVAC research, where fuzzy logic controllers are reported to regulate
thermal variables effectively while maintaining acceptable or improved energy behavior under varying
conditions (Subramaniam et al., 2023).

When disturbances are introduced, the fuzzy controller responds more flexibly because the output
is not restricted to an all-or-nothing action. It can apply a moderate corrective action when the
disturbance is small and a stronger action when the deviation increases. For this reason, the controlled
temperature typically remains closer to the desired range, and the response is more stable in qualitative
terms. However, this advantage depends on proper design of membership functions and rule bases; a
poorly tuned fuzzy controller may lose much of its expected benefit. That is the strongest
counterargument against simply assuming fuzzy control is automatically superior in every case.

3.4. Comparative evaluation

The comparison between the two controllers can be summarized in terms of transient
performance, steady-state behavior, and implementation trade-offs. In transient response, binary control
reacts strongly and simply, but it tends to create overshoot and persistent oscillation due to hard
switching. Fuzzy control usually provides a smoother trajectory and better damping because the control
effort varies continuously according to system conditions (Driankov et al., 1996; MathWorks, 2024).

In steady-state behavior, the binary controller typically maintains the temperature within a
hysteresis band rather than exactly around a single stable point. The fuzzy controller, by contrast, tends
to keep the temperature closer to the desired reference with smaller visible fluctuations, which improves
thermal comfort in practical heating applications. At the same time, the ON/OFF controller remains
easier to implement and requires very little tuning, whereas the fuzzy controller requires the designer to
define input/output variables, membership functions, and a rule base. This means the fuzzy controller
offers better dynamic quality, but not necessarily lower design effort.

A concise comparison is presented below.

| Criterion || Binary ON/OFF control || Fuzzy control |
Control action Two-state switching, fully on/off (Astrém & Gradual power adjustment using fuzzy inference
Murray, 2010) (MathWorks, 2024)
Temperature ||Oscillatory around setpoint due to hysteresis and||Smoother approach to target with reduced oscillation in
response switching (Bequette, 2003) typical cases (Driankov et al., 1996)
Overshoot Usually higher or more persistent due to abrupt ||{Usually lower when membership functions and rules are
tendency actuation well tuned
Settling behavior Often prolonged by repeated crossing of the Usually visually shorter and more stable in transition
threshold band
Design complexity Very low Moderate; requires rule bdase‘ and membership-function
esign
Practical Simplicity, low cost, easy implementation Better flexibility, smoother cqntro(, improved comfort
advantage potential

Overall, the comparison supports the conclusion that fuzzy control is the more effective strategy
when the objective is smoother temperature regulation and better dynamic quality, while binary control
remains attractive when implementation simplicity and low cost are the primary priorities. The strongest
objection to this conclusion is that fuzzy control quality depends heavily on controller tuning; if the rule
base is weak or the membership ranges are poorly selected, the advantage may shrink or even disappear.
So the more defensible claim is not “fuzzy control is always better,” but rather “fuzzy control is usually
better for this type of thermal regulation problem when it is designed properly.”

Conclusion: In this study, a fuzzy-logic-based temperature control system has been designed for a
simplified thermal object and its performance has been compared with that of a conventional binary
ON/OFF controller under identical modeling and simulation conditions. The simulation results confirm
the expected behavior of the ON/OFF strategy: due to its purely two-state actuation and hysteresis, the
controller keeps the process temperature within a bounded region around the setpoint but inevitably
generates oscillations and frequent switching of the actuator. By contrast, the fuzzy controller exploits
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error and error-rate information in a rule-based framework to produce intermediate heating levels in the
continuous range [0,1][0, 1], which leads to a smoother transient response, reduced visible oscillations,
and a steady-state temperature that is qualitatively closer to the desired reference value. From a
practical perspective, these features translate into improved thermal comfort and potentially lower
actuator stress, at the cost of increased design effort for specifying input and output variables,
membership functions, and the rule base.

The main scientific outcome of the work is that, for the considered class of thermal systems and
scenarios, a well-tuned fuzzy controller can provide better dynamic quality than a simple ON/OFF
controller, particularly in terms of overshoot attenuation, apparent settling behavior, and robustness to
ambient-temperature variations. At the same time, the results do not imply that fuzzy control is
universally superior: its advantages depend critically on appropriate controller design, whereas the binary
strategy remains attractive in low-cost applications where moderate oscillations are acceptable and
implementation simplicity is the dominant requirement.

Recommendations and future work: For engineering practice, the results suggest that
hysteresis-based ON/OFF control is sufficient for low-precision, cost-sensitive temperature regulation
tasks, while fuzzy logic control is preferable when tighter temperature stability, higher comfort, or
product-quality constraints are imposed. In new designs, it is advisable to prototype both strategies in
MATLAB/Simulink using a common plant model and realistic disturbance scenarios, and to select the
final solution based on quantitative performance criteria and implementation constraints. Future
research could extend the present work by adopting multi-zone or multi-mass thermal models, by
integrating fuzzy logic with classical PID or model-based predictive controllers, and by employing
optimization or machine-learning techniques to automate the tuning of membership functions and rule
bases.
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MEASUREMENT UNCERTAINTY EVALUATION OF THE PEAK SOUND PRESSURE LEVEL OF FIREARMS

SUPPRESSORS
Prokopchenko Sergii
Ukrainian Research Institute of Special Equipment and Forensic Examinations of the Security Service of
Ukraine

OLIHKA HEBU3HAYEHOCTI BUMIPKOBAHHA TIKOBOIO PIBHA 3BYKOBOIO TUCKY JIYLLUHWKIB
CTPUIELIbKOI 36POI

lpokonyeHko Cepeili
YKpaiHcbKkuld HaykoBo-00CiOHUU iHCMUMYm cneyiaabHoi mexHiku ma cy0osux ekcnepmus Criyxcbu
besneku YkpaiHu

Bcmyn./Introductions. Po3pobka ma 8npoBadxeHHsl npuaadia 3HUMEHHS PiBHS 3BYKY NOCMPIsY
(M3P31) € HeBIO'€EMHO YACMUHOK MOOEpHI3auii Cy4acHUX KOMNJeKCiB8 cmpiieubkoi 36poi.
EpekmuBsHicmb 2YWHUKIB 6e3nocepedHbo BNAUBAE HA PiBeHb AKYCMUYHOI 6e3neku Cmpibus ma
CMyniHb 0emacKyBaHHs Bo2HeBoi No3uuli. OCHOBHUM KPUMEPIEM OUIHKU MAakoi eppekmusBHOCmI 32i0HO 3
MIDKHApOOHUMU cmaxHoapmamu (Hanpukaao, MIL-STD-1474E [1]) € nikosull piBeHb 38YyKOBO20 MUCKY
(Lp.peak). [lpOMe Nocmpin € eKcmpemasibHo WBUOKUM, BUCOKOIHMEHCUBHUM iMNYJIbCHUM NPOUECOM i3
Hao03BYKOBUM BUMIKAHHAM NOPOXOBUX 2as3iB. BumiptoBaHHs (1020 napamempis CynpoBOOXCYEMbCS
3HA4YHOK  KiIbKicmto 0ecmabini3auiliHuXx YUHHUKIB. Y cydacHil memposoeii aKkicmb 6y0b-9K020
BUMIPHOBAHHS BU3HAEMbCA NOBHOUIHHOM UL MOO], KOJIU BOHA CYNPOBOOXCYEMBCS KiJIbKICHOH OUIHKOH
{o2o HaditiHocmi. TomMy 06YUC/IeHHS] HeBU3HAYeHOCMi BUMIDIOBAHHS NIKOBO2O MUCKY € KPUMUYHO
BAXUIUBUM 3ABOAHHAM 0J15 3abe3neqyeHHss 06 ' ekmusHocmi 8UNPobYBaHb 036POEHHS.

Mema pobomu./Aim. Memoro pobomu po3esgd mamemamuy4Hoi mMoodesi ma obrpyHmMyBaHHs
MemoOuKU OUIHKU CYMAPHOI Ma po3uwiUpeHol HeBU3HAYeHOCMI BUMIDHOBAHHSI NIKOBO20 PIBHSA 3BYKOBO2O
MUCKY 2/TYWHUKIB cmpineubKoi 36poi 8i0NoBI0HO 00 MiXXHAPOOHO20 MEempOoJsiIo2iYHO20 CMAaHoapmy
ISO/IEC Guide 98-3 (GUM) [2], i3 KiflbKiCHUM BU3HAY€HHSIM BHECKY OCHOBHUX IHCMPYMeHMAasabHUX ma
BUNAOKOBUX YUHHUKIB Y 3a2a/ibHUll 6100Xem Hesu3Ha4eHoCm.

Mamepianu ma memoodu./Materials and methods. /lns OocseHeHHS Memu BUKOPUCMAHO
NOJIO}CEeHHS MAMmemMamuyHoi CMamucmuku (aHaniz muny A), meopii memposiozii ma naaHyBaHHs
ekcnepumeHmy (aHaniz muny B), @ makoxc 3acobu yugposoi 06pobKu cueHasiB BUCOKOIHMEHCUBHO20
IMNYJIbCHO20 WYMY.

Pesynbmamu ma obzosoperHs./Results and discussion. HamypHi 8unpobyBaHHA 2ayUWHUKIB
BUKOHYHOMBbCA HA BIOKPUMOMY MAUOAHYUKY 3 MIHIMAIbHUM piBHeM poHoB0o2o wymy (He bibwe 50 0bA)
3a BIOCYMHOCMI Be/IUKUX aKyCmMu4yHO Bi0buBasibHUX 06'ekmis y padiyci 50 mempis. Cmpineuska 36pos
PiKCYeEMbCA HA CneuiasbHoOMy XOPCMKOMY CMAHKy Ha sucomi 1.5 mempa HAo piBHemM nidcmusibHOI
nosepxHi (cyxull 2pyHm abo mpas'aHull nokpus sucomoro 0o 10 cm).

BumiproBasibHUl MIKPOGOH BCMAHOBMEMBLCS HA Bi0cmawHi 1.6 mempa Bi0 0y/IbHO20 3pi3y
2NIYWHUKA (abo BiOKpumo2o cmaosaa 36poi’ npu 6asosux BuNpobysaHHsx) ma Ha sucomi 1.5 mempa 8i0
nosepxHi 3emi. Bicb 4ymsusocmi mMikpogoHa opieHmyemsbcsa nid Kymom 90° BiOHOCHO HANPSMKY JiHIT
BO2HI0 (KOB3He NAdiHHS 38yKOBOI XBUJi). Taka KoH®izypauisi 00380/18€ MiHIMI3yBamu npamy 0ito yoapHoi
XBUsii BI0 Nopoxosux edziB Ha odiagppazmy Kancyss ma 3anobi2de MexaHiHHOMY NOWKOOMEHHH
BUMIPHOBAJIbHO20 e/leMeHmd.

3 027190y Ha eKcmpemasbHi 3Ha4eHHs NIKOBO20 3BYKOBO20 MUCKY (L0 MOXCYMb NepesulLtysamu
160-170 06 6e3 sukopucmarHs [13P31), anapamypa 3abe3nedyeHHs Mae maki ocobuBocmi:

BUMIpHOBAJIbHUU  MIKPOGOHHULU Kancysb oOiamempom 1/4 Orolma: Bubip masno2o odiamempa
obymosieHull (1020 BUCOKOKO JiHIGHICMKO y 0iand3oHi 38yKoB020 mMucKy 0o 175 0b ma po3wupeHor
4acmomHOK Xxapakmepucmukoro (00 100 KIY), wo € Kpumu4yHUM 018 PeECMpPauli 8UCOKOYACMOMHUX
CK/1a00BUX IMNYJIbCY;

aHano20B80-yugposo2o nepemasoperHHs (ALl): 019 YHUKHEHHs egekmy HAKIAa0dHHS 4acmom
(aliasing) ma moyHoi pikcauii nikoBo2o 3Ha4YeHHs amnaimyou (Pmax) 3acmocosyemscs 24-6imHull AL i3
yacmomoro duckpemu3auii He meHwe 250 Ky Ha KaHan. BUKOpUCMAaHHs CMaHoapmHuX 38yK0B8UX N1AmM
i3 yacmomoro 48 Ky € HenpunycMUMUM, OCKiIbKU Ue Npu3800UMb 00 32/1a0XCYBAHHA GPOHMY iMNY/IbCY
ma cucmemMamuyHo20 3aHUMXEHHS pe3yibmamis Ha 2—4 0b.
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3 mMemoro mMemposio2idHUl KOHMPOIK0 ma obpobka O0aHux neped NoYAmKOM KOMCHOI cepii
nocmpinis ma 6e3nocepedHbo NIcaA i 3a8epueHHs NPOBOOUMbCA AKyCMuYHe KaibpysaHHs BCbO20
BUMIDHOBAJIbHO20 MPAKmMy 3a 00NOMO20H0 NPeyU3itiHo20 Kanibpamopa 1-20 K1acy moYHOCMI, U0 2eHepye
onopHull cueHan 114 06 Ha yacmomi 1000 [u.

Peecmpauis akycmu4yHUX cueHasnis 30iUCHIOEMbCA Y BUIS0I be3nepepsHOI YacoBoi 3a/1exHOCM|
38YK0B0O20 MUCKY. [IpoepamHa 06pobKa ompumaHux 0aHUX BKITHOYAE:

- BUOI/IeHHS 4acoB020 BIKHA IMNYJ/IbCY nocmpiny (mpusanicmto 100-200 mc);

- BUOAJIEHHSI HU3bKOYACMOMHUX 3aBA0 3a 0O0NOMO20H isibmpa BepxHix vacmom (NiHitHa
Xxapakmepucmuka Lin, 6e3 3acmocyBaHHs A-38axyBaHHs, 8i0noB8IoHO 0o Bumoe MIL-STD-1474E);

- PO3pAxyHOK NIKOBO20 PIiBHS 3B8YKOBO2O MUCKY Lppeac (05) BIOHOCHO ONOPHO20 3Ha4YeHHs (2 107
a).

L1189 KOXHO20 muny 2/1yWHUKA BUKOHYEMBCS cepis 3 MiHiMym 5—10 nocmpinis. lNepwiut nocmpin
("first-round pop") ikcyembcs ma aHanizyeMbCa OKpemMo Yyepe3 HAaBHICMb KUCHK BCepeOuHi Kamepu
2NIYWHUKA, WO NpU3B00UMBb 00 0020PSHHA NOPOXOBUX 2A3i8 MA NIOBULLEHO20 PiIBHS ULYMY.

OUjHKa HeBu3Ha4yeHoCmi BUMIpHOBAHb 30ilUCHHOEMBCA 32i0HO 3 KepisHuumsom ISO/IEC Guide 98-3
(GUM) i3 po3paxyHKom cymapHo2o 6rodxemy HesusHayeHocmel muny A ma muny B. BionosioHa
MamemamuyHa mMooesib BUMIPHOBAHHS NIKOBO20 PIBHA 38YKOBO20 MUCKY (B Oeuubesax) BU3HAYAEMbCSA
popmyioro: p

LP,Peak =20- lg ( ;:X ) + 6Lca! + 6Lcnv + OLPOS + dea
oe Prax = MAKCUMA/IbHO NIKOBE 3HAYEHHST 38YKOBO20 MUCKY, 1a,

Po— onopHudi 38ykosuti muck (2 107 Ia);

SLcal —NONPABKA HA KAN6PYyBAHHS BUMIPHOBA/IbHO20 MPAKMY,

SLenv— NONPABKA HA yMoBU Q0BKIIIS (MemMnepamypa, Bo102iCMab, Bimep),

&L pos —NONPABKA HA MOYHICMb NO3UYIOHYBAHHS MIKPOGOHA BIOHOCHO OYJ/1bHO20 3Di3y;

SLda — NONPABKa Ha noxubky ouckpemusauii AL/,

IDbiepena HesusHayeHocmi muny A (npu  cmamucmu4yHoMy aHasnizi - cepii nocmpinis) €
HecmabinbHicmb pobomu Komniekcy "36pos-Habil-enywHUK", 9Ka BUK/IUKAHA KOJUBAHHAMU HABICKU
nopoxy, eeomempii KyJli ma no4Yamkosoi memnepamypu CmBoJd. Bu3Ha4yaemscs K cmaHoapmHe
BiOXUTeHHs1 cepedHb020 3HaqeHHs (Us) 01 cepii' 3 n nocmpinis (3assu4ad n /5 ).

[D#epena HesuzHa4yeHocmi muny B (KOHCMPYKMUBHI Ma iHCMpPYMeHmMasbHi YUHHUKU):

- KanibpysaHHs akycmuyHoeo mpakmy (Usi): noxubka emasnoHHo2o Kasibpamopa ma B/1acHa
HecmabiibHICMb MiKpogdOHa;,

- duckpemus3auis cueHasny (Usz): iMnysibC NOCMPITy MPUBAE MIKPOCEKYHOU. 3a HU3bKOI Yacmomu
ouckpemu3ayii (MeHwe 200 KI'y) ALIT nponyckae cnpasxcHit nik mucky;

- eeomempisi ma no3uuioHysaHHs (Uss): BioxuneHHs siocmani (cmaHoapm — 1.6 M B8id 0y/ibHO20
3pi3y, sucoma 1.5 M) ma Kyma opieHmauii mikpogoHa (0° abo 90° 0o oci KaHasny cmBsosa);

- 8nius (Uss) ymosu 008K (memnepamypa, BoJiozicms, 8imep) ma niocmusibHOI NOBEPXHI
(iHmepgeperuis npamoi xsuai ma xsusi, 8iobumoi 8id 3emni).

lpunycmumo, 30iliCHeHo cepito 3 5 NoCMpiniiB 3 NIKOBUM piBHEM 38yK0B020 mucKy: 135.2, 134.8,
136.1, 135.5, 134.4 0b. CepedHe L= 135.2 0b.

Ihreperno HeausHavyeHocmi (X;) OuiHKa Po3nodin KoegiuieHm CmaHoapmHa Hesu3Ha4YeHicmso
MeHC timosipHocmeli yymausocmi (Cy ux), o6
Tun A (Bunaokosa noxubka
Sk=0,65 uy =25 029
cepii) Py CmbtodeHma 1,0 AT
Tun B1 (kanibpysaHHs “ 0.20
. [psimokymHud up = —= =012
MiKpogpoHa) +0,20 06 W3 1,0 N
Tun B2 lpsmokymHud 0.40
(3MmilieHHs MIKpogoHa +0,40 0b 1.0 Uny = 22 =0.23
Ha + 2 cm) V3) B2 V3
Tun B3 (kanibpysarHs [IpsMokvmHUL 0.15
MiKpogoHa) +0,1506 p (\/_:f) 1,0 Upgy = Nl 0.09
Tun B4 (knimamu4Hi YUHHUKU, [IpamokvmHUd _ 010 _
BNJIUB NOBEPXHI) +0,10 06 P ‘ \/%’) 10 Ugy = v i 0.06
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CymapHa cmaHoapmHa HesusHadeHicms (Ue):

u, = \/uﬁ+u§1 + Uy + Upy + U,

Uc:\/0,084'1 + 0,0144 + 0,0529 + 0,0081 + 0,0036 = 0,40
Po3wupeHa HesusHaveHicmb (U) 0na koepiuieHma oxonsieHHs k=2 (wo 3abe3neyye piseHb 008ipu
95%)
U=k xUc=2x0,40=0,800b

Bucrosku./Conclusions. Y pe3ysibmami nposedeHo2o 00C1i0#eHHS YCnilHO pO3B'A3aHO HAYKOBO-
NPAkmuyHy 3adady 3 06rpyHmMyBaHHs MemooUKU OUiHKU HeBU3HAYeHOCMI BUMIDHOBAHHS NIKOBO20 PiBHSI
3BYKOB0O20 MUCKY 2/IYWHUKIB CmpiieubKoi 36poi.

OCHOBHI HayKoBi ma Npakmu4Hi pesysimamu pobomu:

nobydoBaHo YimKy mMamemamuy4Hy mModesib BUMIPHOBA/IbHO20 NPOUECY, KA NOBHICMKO BIONOBIOAE
nosoxceHHaIM KoHuenuii ISO/IEC Guide 98-3 (GUM);

YCMAHOBIEHO  KifIbKICHI  NOKA3HUKU BNJUBY OCHOBHUX OXepesi NOXUuboK, wWo 00380/U/10
pO3paxysamu CyMapHy ma po3wiupeHy HeBU3Ha4yeHoCmi BUMIPOBAHL /11 3a0aH020 PiBHS 00BIpU;

aHaziz Ba2oBuUX KoepiyieHmis 4yymausocmi 008i8, wo Halbinbwull BHECOK Y 3a2aibHUl brooxem
Maromeb  IHCMPYMeHManbHi  CKAadosi  (KanibpysaHHs — MiKpogoHa, — amnsimyoHO-4acmomHa
Xapakmepucmuka mpakmy) ma BuNAOKOBI YUHHUKU (HecmabinibHiCmb YMOB  HABKOIUWHHO20
cepedosula, NPOCMOPOBE NO3UUIOHYBAHHS 36poi);

3anponoHoBaHa Memoouka 003B0JIFE NIOBUWUMU OOCMOBIPHICMb OUIHKU egekmuBHocmi
2NYWHUKIB Ma 3abe3neyye EOHICMb BUMIPHOBAHL NI 4ac BUNPO6YBAHL 030POEHHS.

lIpakmuyHe B8NnpoBaOHEeHHS po3pob/IeHo20 NIOX00Y MIHIMI3YE PU3UKU OMPUMAHHS XUOHUX
pe3ysibmamis nid 4ac cepmudgikayii 3acobiB 3HUMEHHS PIBHS 3BYKY NOCMPIiny NpuU NPOBEOeHH|
BunpobysaHb 3 dompumarHHam sumoe ISO 17025 [3].
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